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History of Plant Pathology with Special Reference to Indian Works 

Historical perspectives show that the attention of man to plant diseases and the science of plant 

pathology were drawn first only in the European countries. Greek philosopher Theophrastus (about 286 

BC) recorded some plant diseases about 2400 years ago. This branch of science could maintain a proper 

record on the plant disease and their causal organisms only after development of compound microscope 

by the Dutch worker Antony von Leeuwenhoek in 1675. He first visualized bacteria in 1683 under his 

microscope. Robert Hook (1635-1703) also developed simple microscope which was used to study of 

minute structure of fungi. The Italian botanist Pier’ Antonio Micheli (1679-1737) first made detail study 

of fungi in 1729. With the contribution of many other scientists’ viz., Mathieu Tillet (1755), Christian 

Hendrik Persoon (1801) and Elias Magnus Fries (1821), the foundation of modern plant pathology was 

built and was further strengthened by Anton de Bary (1831-1888), who is regarded as the Father of 

Plant Pathology.  

Historically, plant pathology of India is quite ancient as the Indian agriculture, which is nearly 

4000 years old. This confirms that mention about plant diseases was made much before the time of 

Theophrastus. The events of the development of plant pathology in India are chronologically recorded as 

follows:  

(i) Plant diseases, other enemies of plants and methods of their control had been recorded in the 

ancient books viz., Rigveda, Atharva Veda (1500-500 BC), Artha Shastra of Kautilya (321-186 

BC), Sushruta Samhita (200-500AD), Vishnu Purana (500 AD), Agnipurana (500-700 AD), 

Vishnudharmottara (500-700 AD) etc. 

(ii) During 11th century, Surapal wrote Vraksha Ayurveda, which is the first book in India where 

he gave detail account on plant diseases and their control. Plant diseases were grouped into two-

internal and external. Tree surgery, hygiene, protective covering with paste, use of honey, plant 

extracts, oil cakes of mustard, castor, sesamum etc. are some of the disease management practices 

recorded in the book.  

(iii) Symptoms of plant diseases are cited in other ancient Indian literatures viz. Jataka of Buddhism, 

Raghuvamsha of Kalidas etc.  

(iv) The Europeans started systemic study of fungi in India during 19th century. They collected the 

fungi and sent to the laboratory in Europe for identification. D.D. Cunningham and A. Barclay, 

during 1850-1875, started identification of fungi in India itself. Cunningham specially studied on 

rusts and smuts. K.R. Kirtikar was credited as the first Indian scientist for collection and 

identification of fungi in India.  
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(v) Edwin John Butler started the systemic study on Indian fungi and the diseases caused by them. 

This Imperial Mycologist came to India in 1901 and initiated the works on fungi at Imperial 

Agricultural Research Institute established by the British Government of Pusa (Bihar). The first 

and most classic book in the field of plant pathology of India i.e. Fungi and Diseases in Plants was 

written by him based on the exhaustive study on Indian fungi. He left India in 1920 and joined as 

the first Director of Imperial Mycological Institute in England. He is regarded as the Father of 

Indian Plant Pathology.  

(vi) Jahangir Ferdunji Dastur (1886-1971), a colleague of Butler, was the first Indian plant 

pathologists to made detail study of fungi and plant diseases. He specially studied the diseases of 

potato and castor caused by genus Phytophthora and established the species P. parasitica from 

castor in 1913. In recognition of his command in Plant Pathology, he was promoted to the 

Imperial Agricultural Science in 1919.  

(vii) G.S. Kulkarni, a student of Butler, generated detail information on downy mildew and smut of 

jowar and bajra. Another student S.L. Ajrekar studied wilt disease of cotton, sugarcane smut and 

ergot of jowar.  

(viii) Karam Chand Mehta (1894-1950) of Agra had contributed a lot to Plant Pathology of India. He 

first joined Agricultural College as a demonstrator at Kanpur. His outstanding contribution in the 

discovery of the life cycle of stem rust of wheat in India and reported that barberry, an alternate 

host, does not play any role in perpetuation of the rust fungus in India. He published two 

monographs entitled “Further Studies on Cereal Rust in India” Part I (1940) and Part II (1952) and 

also established three laboratories for rust works at Agra, Almora and Shimla.  

(ix) Raghubir Prasad (1907-1992) trained under K.C. Mehta, contributed to the identification of 

physiological races of cereal rusts and life cycle of linseed rust. Subsequently, L.M. Joshi at IARI 

conclusively studied various aspects of wheat rusts viz., chief foci of infection of rusts, 

dissemination of rust pathogens in India. Later on S. Nagarajan and L.M. Joshi developed most 

useful mathematical models in 1978 to predict appearance of stem and leaf rust of wheat. 

(x) Manoranjan Mitra was considered as one of the most critical plant pathologist worked on 

Helminthosporium. He first reported Karnal bunt of wheat in 1931 from Karnal in Haryana.  

(xi) B.B. Mundkur was the second mycologist trained under Butler and worked with Mehta and 

Mitra. He worked on control of cotton wilt by using resistant varieties and became successful in 

reducing yield loss in Maharashtra. His significant contribution is the establishment of Indian 

Phytopathological Society (IPS) in 1948 with its journal Indian Phytopathology. In the same year, 

he published a text book Fungi and Plant Diseases which was the second book of Plant Pathology 

after the classic book of Butler.  
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(xii) S.R.Bose was taxonomist, mainly worked on the classification of Polyporaceae and isolated 

“polyporin” from Polyporus.  

(xiii) Notable contribution in the field of Mycology was made by M.J. Thirumalachar (1914-1999). 

He created 20 new genera and 300 new species of fungi, monographed genera of Uredinales of the 

world and Ustilaginales of India. Similarly many Hyphomycetes particularly Fusarium were 

elaborated by C.V. Subramanian in 1971.  

(xiv) Works on fundamental plant pathology, especially the biochemistry of host-parasite relationship 

were started at Lucknow and Madras (Chennai) lead by Sachindra Nath Dasgupta (1904-1990) 

and T.S. Sadasivan (1913-2001), respectively. Dr. Dasgupta initiated the works on leather 

mycology, paper pulp mycology and predacious fungi. Dr. Sadasivan’s school developed the 

concept of vivotoxin and reported the production of fusaric acid by Fusarium vasinfectum that 

causes wilt diseases in cotton.  

(xv) T.S. Ramakrishnan, a mycologist to Madras Government cultivated ergot diseased rye for toxin 

production. He published two books entitled Diseases of Millets (1963) and Diseases of Rice 

(1971). Renowned plant pathologists viz., G Rangaswami and R. Ramakrishnan were his students.  

(xvi) Plant Bacteriology in India got a shape with the effort of Makanj Kalyanji Patel (1899-1967). 

He established a school of Plant Bacteriology at College of Agriculture, Pune and first described a 

new species Xanthomonas campestris pv. uppali in 1948 from the host Ipomea muricota. He 

described more than 30 bacterial diseases from India. Other scientists viz., V.P. Bhide and G. 

Rangaswami also contributed their pioneering works to the phytobacteriology of India. D.N. 

Srivastava (1925-2000) is mostly remembered for his tremendous contribution on bacterial blight 

of rice. M.K. Hingorani reported about the complex nature of tundu disease of wheat caused by a 

bacterium and a nematode in 1952 and also he confirmed the causal agent of ring disease of potato 

as Pseudomonas (=Ralstonia) solanacerarum. J.P. Verma (1939- 2005) contributed many 

valuable findings on bacterial blight disease of cotton.  

(xvii) Plant virus research in India was started particularly at IARI, New Delhi under the leadership of 

R.S. Vasudeva (1905-1987), S.P. Raychaudhury (1916-2005) and Anupam Varma. 

Considering the importance of plant viral diseases, IARI established some Regional Research 

Stations at Shimla for temperate fruits (1952), at Pune for fruits and vegetables (1952) and at 

Kalimpong (West Bengal) for large cadamom, 6 citrus and other crops in north-eastern sub-

Himalayan mountain (1956). Y.L. Nene’s contributions have been well remembered particularly 

the viral diseases of pulses and the ‘Khaira’ disease of rice caused by Zinc deficiency. He wrote 

the book “Fungicides in Plant Disease Control”.  
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(xviii) Teaching of plant pathology as a course was started at University of Calcutta, Bombay and 

Madras in 1857 where only fungal taxonomy was emphasized. But plant pathology as a university 

science was started in 1930 at University of Allahabad, Lucknow and Madras. Of which, perhaps 

University of Madras was first to introduce plant pathology as a course. Agra University had 

introduced one post-graduate programme in plant pathology in Govt. Agricultural College, 

Kanpur in 1945. The organized teaching in Mycology and Plant Pathology was begun as a part of 

agricultural science under the banner of Indian Agricultural Research Institute. The subject 

received due importance and teaching of its supporting courses viz. mycology, bacteriology, 

virology and nematology in both under- and post-graduate programmes of Agriculture was taken 

up regularly after the establishment of Agricultural Universities in different states of India in 

1960. At present, most of the courses related to plant pathology have been revised and added 

molecular plant pathology by keeping pace with the advancement in the science. 

At Pantnagar 

The G.B. Pant University of Agriculture & Technology (earlier known as U.P. Agriculture 

University) was established in 1960. Department of Plant pathology was created and accredited by 

ICAR in 1961. The postgraduate degree programmes leading to M.Sc. (Ag.) Plant Pathology and 

Ph.D. Plant Pathology were started in 1963 and 1965, respectively. In 1995, ICAR upgraded the 

department to the status of the Centre of Advanced Studies in Plant Pathology (CAS) and now has 

been upgraded to Centre of Advanced Faculty Training (CAFT). Dr. Y L Nene was founder and 

first Head of the Department of Plant Pathology at Pantnagar. He solved the mystery of Khaira 

disease of rice and established the cause as zinc deficiency in the year 1973. Dr. R S Singh spent 

26 years in the department and wrote many books of Plant Pathology viz. Plant Pathogens: The 

Fungi, Plant Pathogens: The Viruses & Viroids, Plant Pathogens: The prokaryotes, Integrated 

Disease Management, Introduction to Principals of Plant Pathology, Diseases of Fruit crops, 

Diseases of Horticultural crops and Plant Diseases as solo author and Plant Pathogens: The plant 

parasitic Nematodes, Experimental & Conceptual Plant Pathology Vol. I: Techniques, 

Experimental & Conceptual Plant Pathology Vol. II: Pathogenesis and Host Specificity, 

Experimental & Conceptual Plant Pathology Vol.III: Defense along with coauthors. 



Introductory Plant Pathology

APP-311



Plant Pathology is the science of learning and 
understanding the nature of disease and art of 
diagnosing & controlling the disease.

Plant Pathology Greek words 

Phyton=Plant 

Pathos = Ailment /suffering 

logos = knowledge /science 

A branch of science that deals with disease in plants, 
cause of the disease, resulting losses and their 

management. 



Objectives

•To establish cause of disease Etiology

•To elucidate mechanism of disease development 
Pathogenesis

•To identity factors influencing diseases    
development Epidemiology 

•To develop technology for effective and 
economicalmanagement of plant disease 

Management/control 



What is health ? 

This is the ability to carry out normal 
physiological functions at an acceptable level 

consistent to genetic  potential 

Disease?

Dis+Ease=away from health



Plant Disease

Plant disease is a process /condition of a plant
induced by an incitant (pathogen /abiotic factor)
that disturbs the normal functioning of that plant
and will lead to manifestations at micro level
(biochemical/physiological/cytological) or at
macro level (symptom/morphological) as a
result, the plant will lead to economic
damages/losses.



Importance of Plant Diseases

• Limit the kind of plants /crops, and the type of 
industry in an area

• Reduce the nutritive values of the produce or may 
make the plant products poisonous

• Annihilation: cheatnut blight, coffee rust 
• Devastation :Late blight of  potato, Dutch elm 

disease, citrus canker 
• Disfiguring : Cankers and scabs 
• Limiting  :root rots and wilts 
Estimated annual crop losses  worldwide  are 36.5%
• Diseases =14.1%
• Insects =10.2%
• Weeds =12.2%



Classification of Plant Diseases

1. Crops affected: Wheat disease, rice disease or seed 
disease, Rice blast, Mango anthracnose, wheat rust

2. Organs /plant pants affected: Fruit, root, leaf or 
seeding diseases, fruit root, root rot , steam blight of 
sesame, early late leaf spots of Ground nut.

3. Symptoms: rusts, nuts, wilts of cotton/guava, mildew, 
of grapes.

4. Source of inoculum: seed borne, soil borne, air bone 
or mode of spread of diseases loose smut damping 
off, root rots rust, pm.

5. Causal organism: Fungal, bacterial, viral diseases.



Contd…..

6. Occurrence & consequent effects: 

 Endemic Diseases- means prevalent and confined to a particular
area, country or district. When a disease is more or less constantly
present from year to year in moderate to severe form in a particular
area, it is called as endemic disease to that area.

 Epidemic/Epiphytotic Diseases- Greek word which means among the
people true sense applies to those diseases of humans/ plants which
appear very virulently among a large section of the population in a
short period of time.

 Sporadic Diseases - Those occur at very irregular intervals & locations
and in relatively few instances.

 Pandemic Diseases: When a disease is prevalent throughout the
country, continent or the world in a severe form it is called as
pandemic disease. As a given disease may be endemic in one region
and epidemic in another e.g. Late blight of potato.



Contd…..

7. Nature of causal agents: non infectious/non parasitic or

physiological (abiotic factors, biotic or mesobiotic agents)

8. Based on production & spread of inoculum

• Single cycle disease: increase of disease is mathematically
analogous to simple interest of money. There is only one
generation of disease in the crop season soil borne diseases
/seed borne diseases

eg. Loose smut of wheat

• Multiple cycle disease (compound interest): Several
generations of the pathogen with in a life cycle of a crop.
Spore production at very rapid rate, dissemination by air at
rapid speed, incubation & sporulation period is short

eg. Wheat Rust



Walker(1969) : three categories of Diseases
• Parasitic /biotic disease - Fungi, Bacteria and 

Phanerogamic plant parasite.
• Disease caused by mesobiotic pathogens - viruses, 

viroides & phytoplasma  eg. Sesame phyllody , little 
leaf of brinjal, rice tungro virus. 

• Non parasitic /abiotic disease
Temp : Sun scald disease of Tomato, Heat canker
Oxygen : Black heat of potato 
Soil moisture : Wilting 
Soil moisture : Flooding injury 
Light  : Etiolation
Mineral excess : Internal black necrosis of apple 
Mineral deficiency : Khaira disease of Rice 
Air pollution : Black tip of mango 



TERMINOLOGY and DEFINITIONS



Pathogen An entity that can incite disease.
Parasite An organism living on or in another living organism (host)
and obtaining its food from the latter.
Hyperparasite A parasite parasitic on another parasite.
Hypha A single branch of a mycelium.
Mycelium The hypha or mass of hyphae that make up the body of
a fungus.
Conidiophore A specialized hypha on which one or more conidia
are produced.
Conidium An asexual fungus spore formed from the end of a
conidiophore.
Haustorium A simple or branched projection of hyphae into host
cells that acts as an absorbing organ.
Vesicle A bubble-like structure produced by a zoosporangium in
which zoospores are released or are differentiated.
Sporophore A hypha or fruiting structure bearing spores.



Pathogenicity The capability of a pathogen to cause
disease.

Virulence The degree of pathogenicity of a given pathogen.
Virulent Capable of causing a severe disease; strongly

pathogenic.
Avirulence The inability of a pathogen to infect a certain

plant variety that carries genetic resistance.
Avirulent Lacking virulence.
Bactericide A chemical compound that kills bacteria.
Bacteriostatic A chemical or physical agent that prevents 

multiplication of bacteria without killing them.
Fungicide A compound toxic to fungi.
Fungistatic A compound that prevents fungus growth 

without killing the fungus.
Bioassay The use of a test organism to measure the relative 

infectivity of a pathogen or toxicity of a substance.



Disease cycle The chain of events involved in disease development, including the
stages of development of the pathogen and the effect of the disease on the
host.

Life cycle The stage or successive stages in the growth and development of an
organism that occur between the appearance and reappearance of the same
stage (e.g., spore) of the organism.

Disinfectant A physical or chemical agent that frees a plant, organ, or tissue from
infection.

Disinfestant An agent that kills or inactivates pathogens in the environment or on
the surface of a plant or plant organ before infection takes place.

Epiphytically Existing on the surface of a plant or plant organ without causing
infection.

Epiphytotic A widespread and destructive outbreak of a disease of plants;
epidemic.

Eradicant/ Eradication A chemical substance that destroys a pathogen at its source.

Protectant/ Protection A substance that protects an organism against infection by a
pathogen.

Symptom The external and internal reactions or alterations of a plant as a result of
a disease.

Sign The pathogen or its parts or products seen on a host plant.



Hyaline Colorless; transparent.

Culture To artificially grow microorganisms or plant tissue on
a prepared food material; a colony of microorganisms or
plant cells artificially maintained on such food material.

Etiology of disease The determination and study of the cause
of a disease.

Biotroph (Obligate parasite) An organism that can live and
multiply only on another living organism.

Saprophyte An organism that uses dead organic material for
food.

Hemibiotrophic An organism that lives part of its life as a
parasite on another organism and the other part as a
saprophyte.

Facultative parasite Having the ability to be a parasite.

Facultative saprophyte Having the ability to be a saprophyte.



Heterothallic fungi Fungi producing compatible male
and female gametes on physiologically distinct
mycelia.

Homothallic fungus A fungus producing compatible
male and female gametes on the same mycelium.

Host A plant that is invaded by a parasite and from
which the parasite obtains its nutrients.

Host range The various kinds of host plants that may be
attacked by a parasite.

Heteroecious fungus Requiring two different kinds of
hosts to complete its life cycle, pertaining particularly
to rust fungi.

Autoecious fungus A parasitic fungus that can complete
its entire life cycle on the same host.





Continued

TERMINOLOGY and DEFINITIONS



Hyperplasia A plant overgrowth due to increased cell division.
Hypertrophy A plant overgrowth due to abnormal cell enlargement.
Incubation period The period of time between penetration of a host

by a pathogen and the first appearance of symptoms on the host.
Infection The establishment of a parasite within a host plant.
Infectious disease A disease that is caused by a pathogen that can

spread from a diseased to a healthy plant.
Infested Containing great numbers of insects, mites, nematodes,

etc. as applied to an area or field. Also applied to a plant surface,
soil, container, or tool contaminated with bacteria, fungi, etc.

Injury Damage of a plant by an animal, physical, or chemical agent.
Inoculate To bring a pathogen into contact with a host plant or plant

organ.
Inoculation The arrival or transfer of a pathogen onto a host.
Inoculum The pathogen or its parts that can cause infection; that

portion of individual pathogens that are brought into contact
with the host.



Isolate A single spore or culture and the subcultures derived from it. Also used to
indicate collections of pathogens made at different times.

Isolation The separation of a pathogen from its host and its culture on a nutrient
medium.

Latent infection The state in which a host is infected with a pathogen but does not
show any symptoms.

Mold Any profuse or woolly fungus growth on damp or decaying matter or on
surfaces of plant tissue.

Penetration The initial invasion of a host by a pathogen.
Perfect stage The sexual stage in the life cycle of a fungus; The teleomorph.
Imperfect fungus A fungus that is not known to produce sexual spores; also known

as a deuteromycete or a mitosporic fungus.
Imperfect stage The part of the life cycle of a fungus in which no sexual spores are

produced; the anamorph stage.
Primary infection The first infection of a plant by the overwintering or

oversummering pathogen.
Primary inoculum The overwintering or oversummering pathogen or its spores

that causes primary infection.
Secondary infection Any infection caused by inoculum produced as a result of a

primary or a subsequent infection; an infection caused by secondary inoculum.
Secondary inoculum Inoculum produced by infections that take place during the

same growing season.



Resting spore A sexual or other thick-walled spore of a fungus that is resistant to
extremes in temperature and moisture and which often germinates only after
a period of time from its formation.

Oospore A sexual spore produced by the union of two morphologically different
gametangia (oogonium and antheridium).

Sclerotium A compact mass of hyphae with or without host tissue, usually with a
darkened rind, and capable of surviving under unfavorable environmental
conditions.

Systemic Spreading internally throughout the plant body; said of a pathogen or a
chemical.

Suseptible Lacking the inherent ability to resist disease or attack by a given
pathogen; non-immune.

Susceptibility The inability of a plant to resist 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 under the law.

Resistance The ability of an organism to exclude or overcome, completely or in
some degree, the effect of a pathogen or other damaging factor.

Resistant Possessing qualities that hinder the development of a given pathogen;
infected little or not at all.

Immune Cannot be infected by a given pathogen.



Horizontal Resistance Partial resistance, equally effective against all races of a
pathogen.

Vertical Resistance Complete resistance to some races of a pathogen but not to
others.

Induced systemic resistance A systemic resistance in plants that is triggered by
certain strains of non-pathogenic root-colonizing bacteria; its signaling requires
jasmonic acid and ethylene.

Integrated control An approach that attempts to use all available methods of
control of a disease or of all the diseases and pests of a crop plant for best
control results but with the least cost and the least damage to the
environment.

Integrated pest management The attempt to prevent pathogens, insects, and
weeds from causing economic crop losses by using a variety of management
methods that are cost effective and cause the least damage to the
environment.

Cross protection The phenomenon in which plant tissues infected with one strain
of a virus are protected from infection by other, more severe, strains of the
same virus.

Alternate host: Plants not related to the main host of parasitic fungus, where it
produces its different stages to complete one cycle (heteroecious).

Collateral host: The wild host of same families of a pathogen is called as collateral
host.



Questions?????



SYMPTOMS AND SIGNS



Anthracnose A disease
characterized by black and
sunken lesion on leaf, stem or
fruit, caused by fungi that
produce their asexual spores in
acervulus.

Blight A disease characterized by
general and rapid killing of
leaves, flowers, and stems.

Blotch A disease characterized by
large, irregularly shaped, spots
or blots on leaves, shoots, and
stems.

Bunt A disease of wheat caused by
the fungus Tilletia in which
contents of the wheat grains are
replaced by odorous smut
spores.



Canker A necrotic, often sunken,
lesion on a stem, branch, or
twig of a plant.

Chlorosis An abnormal yellowing
of foliage, often a symptom
associated with reduced
chlorophyll content.

Cork An external, secondary
tissue impermeable to water
and gases. It is often formed in
response to wounding or
infection.

Damping-off Destruction of
seedlings near the soil line,
resulting in the seedlings
falling over on the ground.

Dieback Progressive death of
shoots, branches, and roots,
generally starting at the tip.



Downy mildew A plant disease in which the
sporangiophores and spores of a fungus
appear as a downy (hairy or feathery)
growth on the lower surface of leaves
and stems, fruit, etc.,

Powdery mildew A fungal disease of plants
in which the mycelium and spores of the
fungus are seen as a whitish powdery
growth on the host surface

Enation Tissue malformation or overgrowth,
induced by certain virus infections.

Etiolation The elongation and yellowing of a
green plant through lack of sunlight.
Stem internodes may be elongated.

Gall A swelling or overgrowth produced on a
plant as a result of infection by certain
pathogens.

Girdle To destroy living tissue (bark or
cambium) in a ring around a stem or
branch, usually resulting in the death of
the distal parts of the tree or branch.

Gum Complex polysaccharidal substances
formed by cells in reaction to wounding
or infection.

Gummosis Production of gum by or in a
plant tissue.



Leaf spot A self-limiting lesion on
a leaf.

Malignant Use of a cell or tissue
that divides and enlarges
autonomously, i.e., its growth
can no longer be controlled by
the organism on which it is
growing.

Mold/ Mould Any profuse or
woolly fungus growth on
damp or decaying matter or
on surfaces of plant tissue.

Mosaic Symptom of certain viral
diseases of plants
characterized by intermingled
patches of normal and light
green or yellowish color.

Mummy A dried, shriveled fruit.



Necrotic Dead and discolored.
Phyllody Excessive production of leaves in

place of shoots and blossoms.
Ring spot A circular area of chlorosis with

a green center; a symptom of many
virus diseases.

Rosette Short, bunchy habit of plant
growth.

Rot The softening, discoloration, and
often disintegration of a succulent
plant tissue as a result of fungal or
bacterial infection.

Rust A disease giving a “rusty”
appearance to a plant and caused by
one of the Uredinales (rust fungi).

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

Scorch “Burning” of leaf margins as a
result of infection or unfavorable
environmental conditions.



Shot hole A symptom in which small
diseased fragments of leaves fall off and
leave small holes in their place.

Smut A disease caused by smut fungi
(Ustilaginales) characterized by masses
of dark, powdery and sometimes
odorous spores.

Soft rot A rot of a fleshy fruit, vegetable, or
ornamental in which the tissue becomes
macerated by the enzymes of the
pathogen.

Sooty mold A sooty coating on foliage and
fruit formed by dark hyphae of fungi that
live in the honeydew secreted by insects
such as aphids, mealybugs, scales, and
whiteflies.

Stem pitting A symptom of some viral
diseases characterized by depressions on
the stem of the plant.

Stroma A compact mycelial structure on or
in which fructifications are usually
formed.

Tumor An uncontrolled overgrowth of tissue
or tissues.



Wilt Loss of rigidity and
drooping of plant parts,
generally caused by
insufficient water in the
plant but it may be due to
fungi and bacteria both.

Witches’ broom Broom-like
growth or massed
proliferation caused by
the dense clustering of
branches of woody plants.

Yellows A plant disease
characterized by yellowing
and stunting of the host
plant.



QUESTIONS?????



The Fungi: Importance and 
general Characteristics



The term fungus (plural fungi) includes eukaryotic, spore-
bearing, achlorophyllus organisms that generally reproduce
sexually and asexually, and whose usually filamentous, branched
somatic structures are typically surrounded by cell walls
containing chitin or cellulose, or both of these substances,
together with many other complex organic molecules.

A Fungal Cell



General Characters of fungi 

Distribution - Cosmopolitan (found everywhere)

Habitat - Saprobes, Symbionts, parasites, 
hyperparasites 

Nutrition - Heterotrophic (photosynthesis lacking) 
and absorptive

Cell wall - Well defined, Made of chitin but cellulose 
in Oomycetous fungi

 Nuclear Status - Multinucleate (Uninucleate =
Monokaryotic or multinucleate

=Homokaryotic or Heterokaryotic)   

Sporocarps - Microscopic or macroscopic 

Reproduction - Asexual or sexual or both



Somatic/ Vegetative Structures

• Greek word Soma = body “Thallus”

1. Hypha (Pl. Hyphae) - This is the structural unit of
the fungus, which is tubular, transparent
filament, usually branched, composed of an outer
cell wall and a cavity lined or filled with
protoplasm including cytoplasm.

2. Mycelium (Pl. Mycelia) – The hyphal mass or
network of hyphae constituting the body (thallus)
of the fungus is called as mycelium.



Types of Mycelium
• Septate mycelium 

• Aseptate mycelium 

• Monokaryotic Mycelium

• Dikaryotic Mycelium

– Homokaryotic Mycelium

– Heterokaryotic Mycelium

• Multinucleate Mycelium

• Ectophytic mycelium

• Endophytic mycelium

– Intercellular

– Intracellular



3. Thallus (Pl. Thalli)

• It is a relatively simple body of fungus devoid of stems, 
roots & leaves.



Types of Thallus 
Manocentric: A thallus that produce a single

reproductive organ is called monocentric or
a thallus radiating from a single point at
which a reproductive organ is formed e.g.
Sporangium or resting spore.

Polycentric: With many centers at which
reproductive organs are formed is
polycentric or a thallus radiating from many
centers at which reproductive organs are
formed.

Holocarpic: The whole thallus is converted into
one or more reproductive structures.

Eucarpic: Only certain portion of the thallus is
converted in the reproductive structures and
rest portion functions as vegetative
structures.

Endobiotic: The thallus is present within the
host cells.

Epibiotic: Thallus in which the reproductive
organs are on the surface of the host or
substratum.

Interbiotic: The thallus whose half portion is on
the surface & remaining half portion is
within the host cell.



Modifications of Hyphae

• Sclerotium 

e.g. Rhizoctonia solani, 

Sclerotium rolfsii, 

Macrophomina phaseolina

• Chlamydospore 
e.g. Fusarium oxysporum

• Appresorium

• Haustorium



Life Cycle of Fungi
 The fungi are mostly haploid organisms, i.e. their nuclei are

haploid.

 The thallus multiplies by asexual methods.

 After sexual reproduction, a diploid zygote is formed.

 The zygote represents the diploid phase which is terminated
by meiosis forming haploid spores.

 The spores on germination form the haploid somatic phase.

 The two nuclei of opposite strains remain as paired nuclei
called dikaryon and give rise to dikaryotic hyphae.

 In Basidiomycota, the monokaryotic mycelium is of short
duration and its function is only to establish dikaryotic
mycelium as soon as possible.



Reproduction in Fungi

Fungi can reproduce in two ways

• Asexually : without nuclear change 

• Sexually  :  with a nuclear change 

The reproductive bodies are called as spores 
which are capable of growing into a new 

thallus/cell. 



Asexual Reproduction
1.Fission or Binary Fission:

Nucleus divides mitotically &
the cell content divided into
two halves by the formation of
transverse septum. Later two
separated cells get rounded off
& become individual thalli .
eg. Yeast.

2. Reproduction by Budding: The
unicellular thalli put forth one
or two buds which enlarge
gradually. The protoplasmic
content including mitotically
divided nuclei pass into the bud
& then the buds cut off to
become new thalli .
eg. Saccharomyces sp.



3. Fragmentation: Hyphae
break up into their
component cells which
behave like spores. These
spores are called as
arthrospores or oidia.
Eg. Oidium mangiferae

4. Production of Asexual
spores: Fungi can produce
two types of asexual
spore.
One which can move
(motile spores) are known
as Zoospores or
Planospores while second
type of spores which
cannot move (non motile
spores) are known as
Aplanospores.



• Zoospores are also known as motile spores/planospores/
swarm spores.

• Zoospores are produced endogenously inside a sac like
structure known as Sporongia. While the non motile spores
like conidia are produced exogenously on a special hyphae
called as conidiophore.

Zoospores can again be categorized as
 Uniflagllate or Biflagellate

Flagella: Whiplash and Tinsel
 Kidney shaped = Reniform or Pear shaped = Pyriform

Whiplash

Hair Like

Anterior



Sporangium (pl. sporangia)  Sac like structure containing spores 
and usually formed at the end of spore bearing structure 
called sporangiophore.

• Sporangiophores are of several types which plays an 
important role in the identification of fungi. Some examples 
are:

• Where sporangiophore found Singly on a hyphae - Pythium, 
Phytophthora spp.

• Where sporangiophore found in Chains  - Albugo sp.

• Pigmented sporangiophore – Rhizopus sp. 

• Hyaline sporangiophore – Pythium and Phytophthora spp.

• Sympodially branched sporangiophore – Plasmopara viticola

• Dichotomously branched sporangiophore - Peronospora
parasitica

• Monopodial branched sporangiophore – Rhizopus sp.



Asexual Reproductive structures
Spore: Any small propagative, reproductive or survival unit which separates from a hypha

or sporogenous cell and can grow independently into a new individual. There are
several types of spores like-

A. Endogenous Spores: Formed within sporangium. The entire content or a part of
sporangium is converted into spores known as sporangiospores eg. Zoospores.

B. Exogenous spores: All asexually produced spores except sporangiospores are called
conidia. They are formal on branched or unbranched hyphal tips i.e. modified
mycelium known as Conidiophores.

 In some fungi conidia may be formed by transformation of existing cells of the thallus
and are set free when the parent hyphae decay, known as thallospores

 Two types Arthorspores or Oidia: Produced by fragmentation of hyphae from apex to
base. Each cell rounds off and separates as a spore.

 Chlaymydospores: Formed by rounding off and enlargement of terminal or
intercalary cell of hyphae. These can be single or in chains.

 Conidia: either as buds from the somatic cells of a hypha (blastospores) or
produced by the inflamation of the apex of the conidiophores (aleuriospores) or
cut off from flask shaped, cylindrical phialids (phialospores). The shape, colour and
attachment of conidia serve as the basis for identification of the fungal species.



Aplanospores: Non motile asexual spores produced by
the member of zygomycotina fungi inside the
sporangia. They may be uninucleate or multinucleate,
formed only at the periphery of the sporangium with
on empty centre and base which is called as columella
eg. Mucor and Rhizopus sp.

Asexual spores are produced in asexual fruiting bodies
of fungi-

1. Synnemata (Synnema – singular)

2. Sporodochia (Sporodochium)

3. Acervuli (Acervulus)

4. Pycnidia (Pycnidium)

5. Sori (Sorus)



1.Synnema: Loose aggregation
of erect conidiophores so as
to form a dense fascicle,
similar to mycelial strand. It
may split in different ways
near the apex, resembling a
feather duster eg.
Ceratocystis sp. and
Graphium sp.

2. Sporodochium: It is a
cushion shaped aggregation
of hyphae which breaks
through the host surface
and bears conidiophores eg.
Fusarium sp.



3. Acervulus: It is a saucer shaped 
depressed mass of aggregated 
hyphae bearing conidia in a 
compact layer on its exposed 
surface. In between the 
conidiophores, long pointed dark 
coloured structures called setae are 
present. On the host, they initially 
developed below the cuticle or 
epidermis and become erumpent 
on maturity 

eg.   Colletotrichum sp.  and  Pestalotia
sp.

4. Pycnidium: Flask shaped or globose
fruiting body with a narrow mouth 
(Ostiole) whose inner wall is lined 
with conidiophores which bear 
conidia. eg. Macrophomina
phaseolina and  Botryodiplodia
theobromae.

5. Sorus: (Greek word = heap) i.e. the 
spore bearing hyphae are grouped 
into small to large masses or cluster 
(eg. smut sori, rust sori) 



QUESTIONS????



Infection Process/ Pathogenesis



• In every infectious disease, a series of more or
less distinct events occurs in succession which
leads to the development of the disease. This
chain of events is called Pathogenesis or disease
cycle.

• A disease cycle sometimes corresponds fairly
closely to the life cycle of the pathogen, and
refers primarily to the appearance, development
and perpetuation of the disease as a function of
the pathogen rather than to the pathogen itself.



• The life cycle of a pathogen refers to the stage
or successive stages in the growth and
development of the pathogen (or any
organism) that occurs between the
appearance and reappearance of the same
stage (e.g. spore) of the organism.

• Disease cycle involves changes in the plant
and its symptoms as well as those in the
pathogen; and spans periods with in a growing
season and from one growing season to the
other.



A chain of events, in proper sequence, lead to
development of disease, the action of pathogen
and whole array of host reactions occurring in
host are collectively called as pathogenesis.

May be continuous or intermittent

Three phases Pre–entry, entry and
colonization



Primary Events in the Disease Cycle

i) Inoculation
ii) Penetration 
iii) Establishment of the 

infection 
iv) Invasion 
v) Colonization
vi) Growth and reproduction 

of the pathogen 
vii) Dissemination of the 

pathogen 
viii) Survival of the pathogen in 

the absence of the host i.e. 
overwintering and 
oversummering (over-
seasoning) of the pathogen



PENETRATION Plant pathogens penetrate the plant surfaces by
direct penetration of the cell walls, natural openings or through
wounds.

Direct penetration
through intact plant surfaces is probably the most common type
of penetration by fungi, oomycetes and nematodes and only
type of penetration through parasitic flowering plants. None of
the other pathogens can enter plants by direct penetration.

Indirect penetration
through wounds All bacteria, most fungi, some viruses and all

viroids can enter through various kinds of wounds. Some viruses
and all mollicutes, fastidious vascular bacteria and protozoa
enter plants through wounds made by their vectors.

through natural openings Fungal spores generally germinate on the
plant surface and germ tubes may grow through stomata.
Bacteria which are present in a film of water over stomatal
openings, swim through it easily and reach the sub-stomatal
cavity when they can multiply and start infection.



Infection and Invasion

Infection is the process by which pathogens establish contact with susceptible
cells or tissues of the host and obtain nutrients from the tissues. Successful
infection results in the appearance of symptoms

Invasion Various pathogens invade hosts in different ways and to different
extents.

Local infections- Many infections are local, i.e. they involve a single cell, a few
cells or a small area of the plant. They may remain localized throughout the
growing season or may enlarge slightly or very slowly.

Systemic infections- Other infections enlarge more or less rapidly and may
involve an entire plant organ, a large part of plant or even the entire plant.

Growth and reproduction (colonization) of the pathogen After infection,
pathogens grow and multiply within the plant tissues and invade and
colonize the plant. Growth and reproduction of the pathogen (also called
colonization) in or on the infectious tissues are actually two concurrent sub-
stages of disease development.

Infection Court ???

• Primary Inoculum Primary Infection

• Secondary inoculum Secondary infection



EXIT OF PATHOGEN 

Survive with the infected plant debris to bridge the 
time gap between two successive crops 

OR

Come out of host tissue and exploit the alternatives 
to continue with other hosts/vectors. 



SURVIVAL
• To continue the infection chain, most of the plant

pathogens have developed some efficient means
of survival through the unfavorable part of the
year. So that with the onset of the favourable
season its infection may be renewed.

• Chief sources of survival of plant pathogens are:
– Infected living hosts

– Infected or contaminated planting organs

– Infected crop residues

– Resting structures

– Soil



DISSEMINATION OF PLANT PATHOGENS

Different methods of dissemination of the plant
pathogens with in a crop season as well as to the
next season after its survival are:

Direct methods: the dispersal takes place along
with the seeds and vegetative plant parts used
for propagation.

Indirect methods: may be active/autonomous or
brought about passively by different agencies like
wind, water, animals or human beings.



Koch’s Postulates
Robert Koch (1884-1890) forwarded four essential procedural steps called

postulates for correct diagnosis of a disease and its actual causal agent.

1. Association/ Recognition: The pathogens must be found associated with
the disease in the diseased plant. The symptom of the disease should be
recorded.

2. Isolation: The pathogen should be isolated, grown in pure culture in
artificial media. The cultural characteristics of the pathogen should be
noted.

3. Inoculation: The pathogen of pure culture must be inoculated on healthy
plant of same species/variety. It must be able to reproduce disease
symptoms on the inoculated plant identical to step 1.

4. Re-isolation: The pathogen must be isolated from the inoculated plant in
culture media. Its cultural characteristics should be similar to those
noted in step 2.

If all the postulates are proved true, then the isolated pathogen is identified 
as the actual causal organism responsible for the disease.



Effect of Pathogen on the Plants 
During the course of pathogenesis, normal 
activities of the infected host plant undergo 

malfunction. Consequently, morphological and 
physiological changes occur. 

Morphological or structural changes: Physiological
malfunctioning of the host cells causes
disturbances in chemical reaction which
ultimately lead to some structural changes viz.,
overgrowth, phyllody, sterile flowers, hairy roots,
witches broom, bunchy top, crown gall, root knot,
leaf curling, rolling, puckering etc.



B. Physiological changes:

i. Disintegration of the tissues by the enzymes of the
pathogen.

ii. Effect on the growth of the host plant due to growth
regulators produced by the pathogen or by the host under
the influence of the pathogen.

iii. Effect on uptake and translocation of water and nutrients.

iv. Abnormality in respiration of the host tissues due to
disturbed permeability of cell membrane and enzyme
system associated with respiration.

v. Impairing the phenomenon of photosynthesis due to loss
of chlorophyll and destruction of leaf tissue.

vi. Effect on the process of translation and transcription.

vii. Overall reproduction system of the host.



Questions????



Bacteria: The Plant Pathogen



Bacillus anthracis causing Anthrax disease,1850
was the first discovered bacteria.

Erwinia amylovora causing Fire Blight of Apple
and Pear was first plant pathogenic bacteria
(1882)



The bacterial cell may be enveloped by a thin
or thick slime layer made of viscous gummy
materials. The slime layer may also be found
as a larger mass around the cell called as
capsule.

 Most of the plant pathogenic bacteria are
motile and the flagella may be present either
single or in groups or distributed over the
entire cell surface.



Shapes and Arrangements
Bacteria are simple in structure. They may be rod – shaped, 
spherical, ellipsoidal, spiral, comma shaped or filamentous. 



On the basis of flagella Bacteria are of various types

Rod shaped bacteria have flagella for their movement, bacteria 
are grouped on the basis of presence  and number of 

flagella.

• Atrichous - Without flagella. eg. Xylella sp. & Bacillus sp.

• Monotrichous - single flagella at one end. Xanthomonas sp.

• Cephalotrichous – numerous flagella at one pole. eg. 
Pseudomonas fluorescens

• Amphitichous – one flagellum at each pole. Pseudomonas
sp.

• Peritrichous – flagella protruding from all over the surface. 
eg. Erwinia sp. & E. coli.

• Lophotrichous – two or more flagella at both the poles. 

eg. Spirillum sp.



On the basis of Gram staining, Bacteria are of two types

Gram positive bacteria  retain violet iodine stain 
combination  and gives a blue colour because  it 
forms a complex with certain compounds of their 
cell wall & cytoplasm.

eg. Clavibacter and Curtobacterium spp.

Gram negative bacteria  does not retain stain and 
thus show pink colour.

eg.  Agrobacterium , Erwinia, Pseudomonas,  
Xanthomonas and Xylella spp.



Life cycle of bacteria
Lag phase Bacteria do not grow 

during the phase, adjust to their 
environment and metabolize, 
produce vitamin and amino acids 
for multiplication. It is very short. 
Then the bacteria will proceed to 
the next phase of their life.

Log or Exponential phase bacteria 
multiply rapidly, even 
exponentially. 

Stationary phase bacteria growth 
dwindles (gradually become 
weaker or smaller)

Death phase bacteria lose all ability 
to reproduce, which becomes 
their death  knell.



Mycoplasma, Spiroplasma and 
Fastidious Bacteria: The Plant 

Pathogens



Mycoplasma Like Organisms (MLOs) 

Doi et al and Ishiie et al (1987) from Japan
discovered MLO in the phloem of the mulberry plant
infected by mulberry dwarf causing “yellow” disease.

These are Mycoplasma like organism because of their
superficial resemblance and therapeutic effect of
tetracycline antibiotic, but can not be cultured
artificially. Mycoplasma present in the plant sieve
element are not true mycoplasma and were called as
Phytoplasma.



Morphological characters of  mycoplasma

• Unicellular, gram positive

• Non – motile and filterable through bacterial filters.

• Highly pleomorphic with small coccoid bodies, ring form, pear
shaped or rarely filamentous

• Free living, saprophytic and parasitic both and reproduce by
budding and binary fission.

• True Cell wall is absent but instead bounded by triple layer unit
membrane & lack the ability to synthesize cell-wall material.

• Produce typical fried egg colonies in solid media & require
sterols for growth.

• Present in sap of phloem sieve tubes and are transmitted by
psyllids and plant hoppers.

• Sensitive to antibiotic like tetracycline but insensitive to
penicillin.



PHYTOPLASMA

• The mycoplsasma like organism present in the
phloem of plant cell were known as
phytoplasma.

• Phytoplasm are transmitted by vegetative
propogation, grafting, budding and by means of
insects. Leaf hopper, plant hopper, aphids
transmit phytoplasma. By heat treatment the
infected plant becomes totally freed.



Symptoms
 Yellow type disease in plants means gradual yellowing or

reddening of leaves
 Reduction in leaves size, shortening of internodes
 Stunting of plants
 Excessive proliferation of dormant buds into small branches

i.e. witches broom is formed.
 Greening or sterility of flowers (phyllody or antholysis)
More or less dieback
 Decline & death of plants
 Phytoplasma disrupt the growth regulators level in plants

which lead to development of witches broom, phyllody
and antholysis type of symptoms. Due to excessive callose
formation & disintegration of phloem tissues in the infected
plants, die back or death of plants.



Examples
Sesame phyllody and Jasmine plyllody-

vein cleaning, reduction in leaf size,
shortening of internode, profuse
branching, floral parts turn to green
leafy structure (phyllody), diseased
plant becomes completely sterile. The
disease is transmitted by leaf hopper.

Little leaf of brinjal – small, narrow,
sessile, soft pale green colour leaves
with short internodes. Plant looks
bushy due to stimulation of auxillary
buds & are sterile.

Grassy shoot disease of Sugarcane (GSD) -
Profuse tillering and grassy
appearance of the shoot. Leaves
become narrow, yellow or entirely
devoid of any pigment, small like grass
leaves and cane are thin with short
internodes.



Coconut lethal yellowing – dropping of
premature coconut of any size
followed by blackening of
inflorescence tip & all male flowers.
Lower leaves – yellowing –die
prematurely, turn brown & cling to
the tree while the young one
become yellow. Finally all the leaves
& vegetative buds die, fall and only
trunk is left behind, which looks like
a telephone pole.

Sandal spike – produces two types of
symptoms;

Rosette spike - reduction in leaf size,
short internodes and branches gives
spike like resemblance. Leaves
become yellow then red and finally
death of the tree occurs.

Pendulous spike – Auxillary buds remains
dormant and infected shoots shows
apical growth.

Rice yellow dwarf – plant become
dwarfed with pale green and yellow,
narrow leaves.



SPIROPLASMA

Davis et al (1972) discovered spiroplasma where they observed a motile & 
helical  micro organism  associated with corn stunt disease, due to its 

helical structure they are  called as SPIROPLASMA 

MORPHOLOGICAL CHARACTERS:

• helical (spiral) mycoplasmas, 100-240 um in diameter and gram positive.

• They have no flagella but have a rotary motility i.e. move by a rapid 
rotary screw motion of the helix. 

• Lack a true cell-wall and are bounded by a unit membrane of 8-10 nm  
thickness.

• Multiply by binary fission 

• facultative saprophyte therefore artificially cultured  and  on agar gives a 
typical fried – egg  or granular appearing colonies.

• Sensitive to tetracycline  but insensitive to penicilline. 

• Transmitted by leaf hopper.

e.g. Citrus stubborn , Brittle root disease in horse radish, Corn stunt



Symptoms –

• Producing of bunchy upright
growth of twigs and branches
with short internodes having
excessive number of shoots.

• Diseased plants become
stunted, bushy with chlorosis
of foliage.

• In case of Citrus stubborn,
small fruits with thin rind are
formed which are usually sour
and have unpleasant odour.

• In case of corn stunt, it
produce numerous small ear
with little or no seed and
tassels are usually sterile.



Fastidious vascular bacteria 

• Previously called as RLO (Rickettsia Like Organism ) or RLB
(Rickettsia Like Bacteria).

• Generally rod-shaped cells of 0.2 – 0.5 um in diameter by 1-4
um in length.

• Can not be grown on artificial media in the absence of the host.

• Bounded by a cell-wall and a cell membrane. Outer layer of the
cell-wall is usually undulating or rippled.

• Don’t have flagella.

• Almost all are Gram Negative and only a few are Gram Positive.

• Fastidious bacteria develop within the vascular system of plants
and hence they are categorized into two types.

– Fastidious phloem-limited bacteria

– Fastidious xylem – limited bacteria



Fastidious phloem-limited bacteria

• First observed in 1970 in the phloem of clover and
periwinkle affected with clover club disease.

• Yellows like symptoms, as stunting, yellowing of
young leaves, virescence of floral parts, premature
flower and fruit drop, witches broom and pre
mature death of the entire plant.

• Mostly present in matured sieve element and
irregularly distributed.

• Transmitted by leaf hopper, dodder and by
grafting.

e.g. Clover club disease



Fastidious xylem – limited bacteria

• In 1973 , observed in the xylem vessel of grape plant affected by
Pierces disease and alfalfa with alfalfa dwarf disease.

• All are gram negative except that of sugarcane ratoon stunting disease
which is a gram positive bacteria.

• The fastidious xylem – limited bacteria are different from other xylem
inhabiting bacteria (Pseudomonas, Erwinia etc.) by their infection
specificy towards xylem only, their insect transmission and inability to
grow on artificial media.

• Symptoms they produce are marginal chlorosis and necrosis of leaves,
stunting, decline and reduction in yield.

e.g. Sugarcane ratoon stunt, Pierces disease of grapes, Alfalfa dwarf
disease, Peach phony disease , Plum laef scald, Almond leaf scorch



Taxonomy and Classification



Taxonomy = In biology, taxonomy is the scientific
study of naming, defining and classifying
groups of biological organisms based on
shared characteristics.

Classification = in biology, the establishment of a
hierarchical system of categories on the basis
of presumed natural relationships among
organisms. The science of biological
classification is commonly called taxonomy



THE TAXA: Taxon is the general term for any taxonomic group,
whatever its rank. The various taxa are:

Domain

Kingdom

Phylum

Class

Order

Family

Genus

Species

The domain is the largest taxon. It comprises of kingdoms which
include many phyla and this goes on up to the species, which is the
unit of classification. Each of these categories may have a sub-taxon.
For example, a phylum may have sub-phylum. Similarly, we have
sub-classes and sub-orders. Species are also divisible into varieties,
biological strains and physiological races and formae specialis.



For Fungi, various taxa have standard ‘endings’ as shown below:

Taxa Standard endings

Phylum mycota

Sub-phylum mycotina

Class mycetes

Sub-class mycetidae

Order ales

Family aceae

Genera and species have no standard endings. The technical name 
of an organism consists of two parts. It is called the Binomial 

Nomenclature. 



SOME OLD CLASSIFICATION OF FUNGI  

The fungi were divided by Saccardo (1886) into four 
classes – Phycomycetes, Ascomyctes, Basidiomycetes
and the form class Deuteromycetes, on the basis of 
presence or absence of septa and characteristic 
sexually-produced spores (viz; oospores, zygospores, 
ascospores and basidiospores). 

FUNGI

Thallus or mycelium

aseptate

Phycomycetes

Mycelium septate

Characteristic spores-

endogenous,

ascospores

Ascomycetes

Characteristic spores-

exogenous,

basidiospores

Basidiomycetes

Ascospores and

basidiospores lacking,

possess asexual

spores only,

Deuteromycetes



• The Phycomycetes (algal fungi) are also sometimes loosely
called as ‘lower fungi’ and the fungi belonging to Ascomycetes,
Basidiomycetes and Deuteromycetes as the ‘higher fungi’.

• C.J. Alexopoulos (1962) used ‘nine-class’ classification in his
book ‘Introductory Mycology’, the immense popularity of which
made this classification widely accepted. Alexopoulos put fungi
in division Mycota and two sub-divisions, the Myxomycotina
(Myxomycetes) and Eumycotina (true fungi).

• The 9 classes of Eumycotina were:
– Chytridiomycetes
– Hyphochytridiomycetes
– Plasmodiophoromycetes
– Oomycetes
– Zygomycetes
– Trichomycetes
– Ascomycetes
– Basidiomycetes
– Deuteromycetes



• The next important change came in 1966, when
G.C. Ainsworth proposed a classification of fungi,
which was used in the Dictionary of the Fungi (6th

edition 1971) and also followed in The Fungi – An
Advanced Treatise vol. IV (1973).

• The kingdom fungi, was divided into two divisions:
the Myxomycota, for plasmodial forms, and
Eumycota (True fungi) for non-plasmodial forms.

• The true fungi were divided into five sub-divisions
viz; Mastigomycotina, Zygomycotina,
Ascomycotina, Basidiomycotina and
Deutromycotina.



CURRENT CLASSIFICATION OF FUNGI by Kirk et al. (2008)

Present classification proposed by Kirk et al.
(2008) is given in the 10th edition of the
Dictionary of the fungi (2008), which is divided
into 3 parts: Dictionary of the fungi, Dictionary of
the chromistan/ straminopile fungi-like
organisms and a Dictionary of the protozoan
fungi-like organisms. The classification is largely
based on the results from the AFTOL (Assembling
the Fungal Tree of Life) project. There are 8
recognized phyla of the kingdom Fungi.



KINGDOM: FUNGI

(8 phyla)

CHROMISTA

(3 phyla)

PROTOZOA

(3 classes)

1. Chtridiomycota

(2 classes)

Hyphochtriomycota

(1 class)

Protostelea

2. Neocallimastigomycota

(1 class)

Labyrinthulomycota

(1 class)

Myxogastrea

3. Blastocladiomycota

(1 class)

Oomycota

(1 class)

Dictyostelia

4. Zygomycota

(5 sub-phyla)

5. Ascomycota

(3 sub-phyla; 19 classes)

6. Glomeromycota

(1 class)

7. Microsporidia

8. Basidiomycota

(4 sub-phyla; 19 classes)

DOMAIN: EUKARYA



KINGDOM FUNGI
These are also referred as true fungi. Members of kingdom are

characterized by:
• Absorptive mode of nutrition
• Unicellular or filamentous somatic phase.
• Cell wall containing chitin and beta-glucans
• Presence of only whiplash flagella
• Mitochondria with flattened cristae
• Presence of peroxisomes and Golgi bodies.
There are 8 phyla; Chytridiomycota, Blastocladiomycota,

Zygoycota, Ascomycota, Glomeromycota, Microsporidia and
Basidiomycota.

The imperfect fungi which reproduce only asexually are not 
assigned an independent taxon. They are not a monophyletic 

unit, but are fungi which have lost theis sexual phase, or which 
are anamorphs of filamentous “Asco and Basidiomycotina.



KINGDOM CHROMISTA

• Unicellular or filamentous somatic phase.
• Absorptive mode of nutrition
• Cellulose in cell wall
• Presence of tinsel type of flagella
• Mitochondria with tubular cristae
• Presence of peroxisomes and Golgi bodies.

The characters 1, 2 and 6 are same as in true fungi.
The difference lies in the nature of cell wall, flagella
and the mitochondrial cristae. These fungi are
closer to brown algae and diatoms. There are 3
phyla: Hyphochtridiomycota, Labyrinthulomycota
and Oomycota.



KINGDOM PROTOZOA

• They differ drastically from other fungi in form,
function and life cycle. These are characterized by

• The somatic phase is plasmodial or amoeboid

• There is no cell wall in the somatic phase

• Nutrition is by ingestion except in plant parasites
where the plasmodium obtains nutrition by
absorption

• The Mitochondria with tubular cristae

• Spore walls are cellulosic or chitinous.

• Spores germinate to produce 1-2 flagellated cells



QUESTIONS????



Genus- Plasmodiophora
(P. brassicae causing Club root disease 

of crucifers)



Symptoms: Infected
plants at first show pale
green to yellowish leaves.
Later, such plants show
wilting, with flagging of
leaves during hot, sunny
days. The characteristic
symptoms are seen only
on underground parts,
after uprooting the
plants. Spindle like,
spherical knobby or club
shaped swellings are
visible on roots. Both tap
and lateral roots may be
affected.



Pathogen
• Plasmodiophora brassicae

• The genus is an obligate parasite. The thallus
is a plasmodium which produces resting
spores or zoosporangia.

• It has two phases of life cycle: -

• primary phase occurs in root hairs and

• secondary phase in cortical cells of roots.



Disease cycle



Primary phase: 

 Infected host roots get decayed and the resting spores are released into
the soil.

 Each resting spores are tiny, hyaline, spherical and uninucleate.
 They germinate and produce zoospores with two flagella of unequal

length, both whiplash, and attached apically. Zoospores are moving and
when comes in contact with root hair, shed the flagella and become
encysted, penetrate the cell- wall and forms a thallus in the host cell
lumen.

 After entering the host cell, zoospores become amoeboid and spherical
and known as myxamoebae.

 Plasmogamy of these haploid amoeboid protoplast result in the
formation of multinucleate primary plasmodia.

 Later by cleavage, multinucleate segments are delimited, each of which
develops into zoosporangium.

 Thus the plasmodium becomes a sorus containing of several sporangia.
 Each sporangium forms 4-8 anteriorly biflagellate zoospores.
 After liberation these zoospores function as gametes, isogamy takes

place between the pairs, and form a binucleate, quadriflagellate motile
zygote.



Secondary phase: 
 The zygote settles on the root hair, sheds the flagella & enters the cortex

of the root cell.
 Each of the binucleate plasmodium enlarges & undergoes repeated

mitotic division to form multinucleate body known as multinucleate
secondary plasmodium.

 The roots cells containing this plasmodium get hypertrophied & take the
shape of club.

 After Karyogamy, diploid zygotic nuclei are formed. Then meiosis &
mitosis takes place to form haploid nuclei. Then cleavage of cytoplasm &
wall formation takes place and several haploid resting spores are
formed.

 Plasmodia are then transformed into masses of resting spores. The
resting spores are closely packed together inside the host cell, which are
released into the soil as the roots decay.

 The pathogen survives as resting spores lying freely in soil or in crop
debris.

 In the field, the disease spread by drainage water, farm implements,
transport of soil etc.

 Resting spores may remain viable for as long as 10 yrs.



2. Genus: Synchytrium

• Species: S. endobioticum causing Wart disease
of potato or Black wart disease of Potato

• It is an obligate parasite in the epidermal cells
of potato and approximately >100 species of
Synchytrium are parasitic.



Symptoms
• Galls produced on several plant

parts.
• Buds on underground stem,

stolens and tubers are the
centers from where abnormal
growth activity starts and lead to
development of warts.

• The cells become enlarged due to
hypertrophy and assume the
shape of galls and forms warty
out growth.

• Sometimes these warts may
cover the whole tuber. Initially
the warts colour is light brown
but in advanced stages they
become darker in colour, or black
and undergo putrefaction due to
attack of saprophytes.



Life Cycle

Asexual Cycle: Large numbers of uniflagellate zoospores are
released from the infected portion of the tuber. When reach to
eye/ bud of the tuber, penetrate the host.

• After shedding the flagella, it enters the host and takes
amoeboid shape. The amoeboid zoospore increases in size and
the entire structure develops into a golden brown thick walled
Prosorus (zoosporangium).

• The matured prosorus start germination within the dead host
cell. The nucleus of the cell undergoes repeated mitotic division
until it becomes 32 nuclei.

• The entire multi-nucleate prosous gets divided into 4-9
multinucleate chambers with the help of hyaline septa/wall.

• Each of these multinucleate chambers represents a
sporangium.

• Group of sporangia called as sorus. All the nuclei develop into
uninucleate uniflagellate zoospores, if water is present they
swim for sometimes and then get attached to a host.



Sexual Cycle: If water scarcity is there then release of zoospores
delayed and uniflagellate bodies function as gametes
(planogametes) & isogamatic copulation takes place followed
by karyogamy and plasmogamy resulting to formation of diploid
biflagellate zygote which can swim and got attached on host
surface.

• Then they start penetration, enter in host cell and multiply
resulting in hypertrophy & hyperplasia.

• The diploid zygote enlarges & gets enveloped to form resting
sporangium, which after a period of rest, germinate and
undergoes reduction division to form haploid nuclei.

• These haploid nuclei then convert to haploid zoospores which
are liberated by rupturing of the infected host and the life cycle
is repeated.

• Resting spores whether in the host debris or free in soil are
main survival structure (primary inoculum). Spores are formed
in warts and ultimately released in soil. Disease dispersal is by
movement of infected tubers and infested soil.



Life cycle



Question????



Genus-Pythium 

•Species: Pythium debaryenum,
P. aphanidermatum, P. ultimum and P. myriotylum

•Diseases Damping off of seedlings, Stem & foot
rot of papaya, Rhizome rot of ginger.

•The fungus is common soil inhabitant with long
survival rates.



Symptoms 
Damping off disease of vegetables two types

viz., pre emergence damping off and post
emergence damping off. There occur
patches with no seedlings. While in case of
post emergence damping off, the newly
emerged seedlings are killed at ground
level after they emerge from soil causing
them to collapse or topple down. Seedlings
that emerge show water soaking, shriveling
and browning of stem tissues at soil level
or collar region. This disease is mostly seen
in nursery beds and greenhouses.

Disease stem and foot rot of Papaya are found
at the basal portion of the stem. Just above
the soil line, in form of a dark brown or
black water soaked lesion. The tissues
disintegrate at the point of infection and
the plant starts drying and then died.

Rhizome rot of ginger disease, the central
bunch of leaves of ginger plant becomes
yellow and dead which can easily be pulled
out. Gradually plant died because of the
rotting of the rhizome present under the
soil.



Life cycle
Asexual reproduction The mycelium is coenocytic hyphae,

found both as intercellular as well as intracellular.
No haustoria produced.
The sporangia are globose to oval and are either terminal or

intercalary on the somatic hyphae.
Germination is either by zoospores or by germtube.
The sporangiophore consists of sporangia with a bulble like

vesicle.
The sporangial protoplast move rapidly through the tube into

vesicle and appears to remain quiescent while the
delimitation of the zoospores is taking place.

On maturity the vesicular wall burst releasing the zoospores.
The zoospores are asexual spores, kidney shaped and has two

lateral flagella attached to the concave side.
After a period of swimming the spore comes to rest, encyst and

germinate by germ tube.



Sexual reproduction: Oogonia and antheridia are developed
in close proximity, may be on same hypha.

The oogonium is globose and multinucleate while the
antheridium is much smaller and elongated or club
shaped.

Upon gametangial contact, a fertilization tube develops
penetrates the oogonial wall.

The male nucleus passes through the tube and reaches to
the female nucleus, unites and form zygote.

Then this zygote becomes a thick walled smooth oospore.
This oospore is also known as resting spore because it
produced at the end of the life cycle of the fungus, which
undergoes a period of rest and germinate in next season.



Disease cycle of Pythium sp. causing Rhizome rot of Ginger



Genus: Phytophthora

• Species are: P. infestans- Late blight of Potato

– Phytophthora citricola— root rot and stem
cankers in citrus trees.

– Phytophthora fragariae—red root rot affecting
strawberries.



Disease cycle of Phytophthora sp. causing Late blight of Potato











MODULE 8 A                                         Bacteria 

 

           Bacteria seem to be the most primitive living organisms. It is speculated that they 

originated on the earth when there was no vegetation. Bacterial fossils exist that date back 

3.5 billion years.  

Bacteria  

 Def: Are unicellular,microscopic , chlorophyll less, prokaryotic microorganism which 

mainly reproduce by fission. 

Characteristic: 

- It has a rigid cell wall 

- Nuclear material is not seperated from cytoplasm by a nuclear membrane. 

- Most of plant pathogenic bacteria are gram negative, facultative saprophytes & can be 

grown artificially on nutrient media. 

 

 The association of bacteria with an animal disease (anthrax) had been known since 1850. 

 The first evidence of bacteria being responsible for plant diseases was reported in 1882 

(Erwining amylovora causing fire blight of pear  and Apple). 

Types of bacteria 

On the basis of their shape- 

- Coccus (pl. cocci) –  These are spherical ,  may arranged singly (micrococcus), in pairs 

(diplococcus) and chains (streptococcus), tetrad (pair of four cell), box like pocket 

(sarcina) and irregular grape like cluster (staphylococcus). 

 

 

Bacillus- These are straight rod , cylindrical, ellipsoidal, occur mostly singly (microbacillus), 

in pairs (diplococcus), in chains (Streptobacillus). 

Spirillum- These are crew shaped i.e rod shape helically curved with a twist. 

 Most plant pathogenic bacteria are rod shaped except species Streptomyces which are 

filamentous. 

(1) Vibrioid – less than one turn or twist. 

(2) Helical – one or more complete turn 



On the basis of flagella -Rod shaped bacteria have flagella for their movement, bacteria are 

grouped on the basis of presence  and number of flagella. 

Atrichous  -   Without flagella. eg.xylella sp. Bacillus  sp. 

Monotrichous  - single flagella at one end. Xanthomonas sp. 

Cephalotrichous – numerous flagella at one pole. Eg. Pseudomonas fluorescens. 

Amphitichous – one flagellus at each pole. Pseudomonas sp. 

Peritrichous – flagella protruding from all over the surface. Eg. Erwinia sp., E. coli. 

Lophotrichous – two or more flagella at both the poles. Eg. spirillum 

On the basis of Gram staining- 

 

Gram positive bacteria  retain violet iodine stain combination  and gives a blue colour because  

it forms a complex with certain compounds of their cell wall & cytoplasm. 

Eg. Clavibacter sp. , Curtobacterium 

Gram negative bacteria  does not retain stain and thus show pink colour. 

 Eg.  Agrobacterium , Erwinia  , Pseudomonas,  Xanthomonas,  Xylella sp. 

 

 

 

Angular edges. The colonies may have flat, raised , done – shaped or wrinkled elevation and are 

of different colours : white yellow , red or gray. 

Colony-The bacterial colonies may vary in shape , size , colour , elevation from of edges. The 

size of colony may vary from 1 cm. to several cms and they may be circular oval or irregular , 

with smooth, wavy. 

Morphology of bacterial cell :  

Cell wall –  

The bacterial cell is thin rigid and is the site of various metabolic activities. Exterior to this , 

there are is a layer made up of peptidoglycan. Gram positive bacteria have greater amount of 

peptidoglycan as compared to gram negative bacteria. Outermost layer of bacterial cell is 

enveloped by a thin or thick slime layer made of viscous\gummy materials called as capsule 

which protects it  against dessication. 



Flagella- Flagella are hair like helical structure that protrude through the cell wall and helps 

in locomotion.. Individual flagellum composed of a basal body associated with cytoplasmic 

membrane (Kinetoplast) and cell wall., a short hook  and helical filament. Filament is made 

up of protein flagellin. Gram negative bacteria have a sheath surrounding the flagellum. 

Pilli or Fimbriae-These are short, fine, filamentous non helical appendages made up of a 

protein namely pillin. Pilli helps at the time of conjugation. 

Mostly Gram negative bacteria have pilli.  

 

 Reproduction: Bacteria undergo both sexual and asexual reproduction. 

 Rod shaped plant pathogenic bacteria reproduce asexually by the process called as fission 

or binary fission.  

 

Binary fission- During this process, the cytoplasmic membrane grows towards the centre of the 

cell, forming a transverse membranous partition dividing the cytoplasm into approximately two 

equal parts. 

Between the two layers of cytoplasmic layers, two layers of cell wall material , continues with 

the outer wall, are laid down. As the formation of these cell walls is completed , they separate, 

splitting the two cells apart. The nuclear material is also duplicated. 

 The transfer of genetic material or DNA or character coded in this material to daughter cells 

is not possible. 

 

Sexual reproduction- Bacteria reproduce by sexual means also.The variability among bacteria 

may be caused by genetic changes and the processes or phenomenon are called as- 

(1)  Conjugation   

Conjugation is a sexual process involving the exchange of nuclear material through a temporary 

area of fusion. Two cell comes in contact with each other , where one cell act as donor and the 

other as receipent. The donar cell attaches to the recipient cell with the specific appendages 

called sex pill and transfer its genes by direct cell to cell contact. The receipent cell divide the 

DNA by fision. 

It is a plasmid – motivated process occurs in two steps , both governed by plasmid genes.Eg. 

E.coli K 12 strain where “ interrupted mating experiment”  was known that physical contact 



between cells involves, DNA passing from one to another cell through a conjugation tube, 

strains show sexual differences, one acting as male and other as female i.e. the donor and 

recipient.  

Conjugation between F+ (male) and F- (female) resulting in the conversion of female into male 

due to transferred fertility F.  

Transformation: In this process, the bacterial cells absorb the genetic material exuded by a 

compatible cell or freed by lysis of the cell-wall. The compatibility is due to the presence of 

specific protein on the surface of the recipient cell.     

 It consists of 3 steps: 

(1) External  binding of the DNA fragment on to the outer membrane  

(2) Penetration of the DNA fragment through the cell envelop  

(3) Gene expression in the state of independent replica or integrated into the chromo some. 

 

Transduction : Transduction require a bacteriophage as a vector for the transfer of genetic 

material of the infected bacterium , where it  becomes integrated with the DNA of the recipient 

bacterium. Thus, different characters may be transferred from one bacterial cell to another. 

 Bacteriophages (virus that infect bacteria)  play the main role in transfer of genetic material in 

this phenomenon. 

When, after the death of infected cell, the virus particle is released it carries with it the genetic 

material of the new bacterial cell which it infects. If this cell does not die, recombination of 

genetic material takes place. 

 

Bacterial Nutrition 

       Bacterial have been divided into two groups on the basis of their existence in the presence or 

absence of the oxygen. 

(1) Aerobic – Those which can live only in the presence of O2 . 

(2) Anaerobic – in the absence of O2 

 

      On the basis of nutritional requirements, the bacteria can be grouped as- 

 

Auto trophic  & Heterotrophic-    Need  CO2 as  source  



 

    Both are further divided into two categories:- 

 

(A)  Photoautotrophic  : Those using light as the energy source and CO2 as the principal 

carbon source – they include photosynthetic bacteria. 

(B) Photoheterotrophs  : using light as the energy source and an organic compound as the 

principal carbon source. Ex. Purple & green bacteria. 

(C) Chemoautotrophs : Those using a chemical energy source and CO2 as the principal 

carbon source. Energy is derived by oxidation of reduced inorganic compounds. Ex. 

Nitrifying bact. Iron & sulphm bacteria Becoz of their ability to grow in strictly 

mineral media in the absence of light. 

(D) Chemoheterotrophs : Those utilizing a chemical energy source and an organic 

compound as the principal carbon source. 

Most bacteria including plant  pathogens  belong to this group. 

 

External exvironment   :  Cell Response 

     Natural forces – temp , moisture , pressure , light , H-ion concentration  affect the “ state of 

balance in cells’ protoplasmic material. 

 This leads to disturbed metabolic processes which result in poor growth , reproduction, 

reduce population and reduction.  

(a)  Temperature : bacteria can survive between 0-850C  

      Psychrophilic    -  0-300C (opt. 150C) 

     Mesophilic        -  2-250C (min), 30-500C (max) (opt =20-450C) 

    Thermophilic    -  20-450C (min) , 60-930C  (max) (opt = 550C) 

  

 

(b) Moisture: Bacteria are more aquatic than terrestrial and thrive under moist conditions.  

Water help in absorption of nutrients and motility. 

 Other factors such as light intensity, pressure, chemicals solutions, metabolites affect 

biological activities both positively and negatively. 

Life cycle of bacteria: 



         Bacterial life cycle consists of the lag phase, the log or exponential phase , the stationary 

phase and the death phase factors, that influence bacterial growth bear heavily on this cycle. 

 Lag phase : 

   Bacteria do not grow during the phase however, they do adjust to their environment and 

metabolize i.e. produce vitamin and amino acids needed for multiplication. They begin making 

copies of their DNA , and it the environment supplies plenty of nutrients, the lag phase may be 

very short. Then the bacteria will proceed to the next phase of their life. 

 Log or Exponential phase.- During this phase , bacteria multiply rapidly , even 

exponentially. The time it takes for a culture to double is called “generation time” and 

under the best conditions , the fastest bacteria can double in about 15 minutes. 

 Stationary phase : during the stationary phase, bacteria growth dwindles (gradually 

become weaker  or smaller). Due to accummlating waste and a lack of space, bacteria 

cannot maintain the log or exponential phase. If the bacteria moves to another culture, 

rapid growth may resume. 

 Death phase : During death phase, bacteria lose all ability to reproduce, which becomes 

their death  knell. Like the log or exponential phase, bacterial death may occur as rapidly 

as their growth. 

 Temperature, acidity, pH, energy source and the presence of O2, N2 , minerals & water, 

all affect bacterial growth, thus affecting the bacteria life cycle. 

        

 

 

 

 

 

 

 

 

 

 

 



Traditionally bacteria have been included in Plantae kingdom under 

Thallophyta; however, Haeckel in 1966 proposed the kingdom 

Protista to include all unicellular organisms and placed various 

organisms of Thallophyta plants and Protozoa animals in Protista. 

Later, the nucleus character was given more importance. Chatton 

proposed the most appropriate conceptual basis for taxa at the highest 

level by recognizing two general patterns of cellular organelles as 

prokaryotes and eukaryotes in 1937. Stanier (1969) considered 

prokaryotes as lower protists including blue green algae, 

myxobacteria and eubacteria; and eukaryotes as higher protists 

including algae, fungi and protozoa. Prokaryotae was recognised a 

separate kingdom. However, the correct concept is that of 5 kingdoms 

according to Whittaker (1969) including Plantae, Animalia, Fungi, 

Protista and Monera (Prokaryotes). 

 

 In ‘Bergey’s Manual of Determinative Bacteriology’ the 

phytopathogenic bacteria have been classified into three 

divisions: 

Division I – Gracilicutes 

http://ecoursesonline.iasri.res.in/mod/page/view.php?id=11315
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They include prokaryotes with thin cell walls consisting of outer 

membrane with fatty acid glycerol ester-type lipids and are usually 

gram negative. They do not form endospores. 

 

Division II – Firmicutes 

It included prokaryotes with thick (firm) cell wall consisting of 

peptidoglycan and unit membrane but without any outer membrane. 

Some of them produce endospore. They are gram positive. 

 

Division III – Tenericutes 

They lack cell wall and cells are enclosed by a unit membrane only. 

They include mollicutes or mycoplasma like organisms (now called 

phytoplasma). 

 

Detailed Classification of Phytopathogenic Bacteria 

Kingdom: Prokaryotae 

Division I: Gracilicutes 

Class: Proteobacteria (mostly single-celled, non-photosynthetic) 

Family 1: Enterobacteriaceae (They are peritrichous bacteria) 



Genus: Erwinia 

E. amylovora causing fire blight of apple and pear 

E. carotovora pv. carotovora causing soft rot of vegetables 

E. carotovora pv. atroseptica causing black leg of potato 

Family 2: Pseudomonadaceae 

Genus: Pseudomonas 

P. syringae pv. syringae causing stone fruit bacterial canker 

P. syringae pv. tabaci causing wild fire disease of tobacco 

Genus: Ralstonia 

R. solanacearum causing bacterial wilt of solanaceous crops 

Genus: Xanthomonas 

X. campestris pv. campestris causing black rot of cabbage, X. 

campestris pv. phaseoli causing common bean blight 

X. campestris pv. vesicatoria causing tomato bacterial spot 

X. oryzae pv. oryzae causing bacterial leaf blight of rice 

X. axonopodis pv. citri causing citrus canker 

Family 3: Rhizobiaceae 

Genus: Agrobacterium 



A. tumefaciens causing crown gall of stone fruits 

A. rhizogenes causing hairy root of apple 

Family : Still unnamed 

Genus: Xylella 

X. fastidiosa [earlier called RLO’s rickettssia like organisms] xylem- 

inhabiting causing Pierce’s disease of grapevines, phony peach, 

almond leaf scortch 

Candidatus liberobacter asiaticus, phloem-inhabiting causing citrus 

greening 

Unnamed, latex-inhabiting, causing bunchy top disease of papaya. 

 

Division 2: Firmicutes 

Class 1: Firmibacteria (Simple gram positive bacteria) 

Bacillus subtilis – biocontrol agent 

Class 2: Thallobacteria (Gram positive, branching bacteria) 

Streptomyces scabies causing common scab of potato 

Clavibacter michiganense pv. sepedonicum causing ring rot of potato 

Clavibacter michiganense pv. michiganense causing bacterial canker 

of tomato 



Curtobacterium (Corynebacterium) flaccumfaciens causing bacterial 

wilt of bean 

Division 3: Tenericutes 

Class: Mollicutes (wall less prokaryotes) 

Family: Spiroplasmataceae 

Spiroplasma citri causing citrus stubborn 

Spiroplasma kunkelii causing corn stunt 

Several organisms called phytoplasma have been reported to cause 

various yellows and witches’ broom type diseases are included in this 

group and have been given Candidatus status for the time being due to 

the inability of their culturing. 

 



Symptoms of Bacterial diseases  

 Plant pathogenic  bacteria  are basically facultative saprophytes. They enter into 

the host plant mostly through wounds, natural openings, and also through  root 

hairs  and stigma. 

 They are unable to penetrate the ceratinized tissues such as cuticle & periderm.  

 Inside the host cell, the bacterium grow inter cellularly or intracellualarly or 

intravascularly or combination of above means. At that time, the host tissues also 

react differently to the invading bacteria and exhibit different kinds of 

symptoms. 

Main symptoms of Bacteria are as follows: 

(1) Leaf spots:  water soaked , circular or irregular , necrotic spot on leaves. 

Sometimes the spots are encircled with a yellow halo.  

Example 

 Bact. Leaf spot in tomato      :     Xanthomonas  campetris pv. vesicatoria 

Angular leaf spot in cotton      :     X . c. pv. malvaciarum  

Bact. Leaf streak in paddy       :    X. c. pv. oryzicola 

Bact. Leaf spot in sesame         :    X. c. pv. sesame 

 

(2)  Blight : Development of rapid & extensive necrosis of affected leases resulting 

in scorched appearance. 

Example 

           Bacterial  blight of  paddy   :  X . c. pv. oryzae  

          Bacterial  blight of   Beans    :  X . c. pv. phaseoli 

          Fire blight of apple  :  Erwinig  amylovora   

          (Toxins produced by the bacteria or  by interaction ). 

 



(3)    Soft Rot: softening of tissues due to dissolution of middle lamella by enzyme 

and disintegration of tissues and forms  a dirty liquid oozes  which comes  out of 

the affected part. Affected area is soft , watery, discoloured  and  some what 

depressed or wrinkled or blistered.There will be a well defined demarcation  

between the healthy & decayed tissues. 

Example 

 Soft rot of tomato, egg plant, crucifers : Erwinia carotorora pv. carotovora 

  Brown ring rot of potato : Pseudomonas solanacearum  var. asiaticum 

(4) Canker : Formation of corky outgrowth on the surface of leaves, twigs  and 

fruits, necrosis of host tissues  and  reaction of undamaged tissues to produce 

corky cells. These cankerous growth are usually localized deep seated and 

confined to the parenchymatous tissue of the host plant. Canker involves the 

cambium layer & promotes the destruction of woody tissues in plant.  

Example  

 Citrus canker :  Xanthomonas  axonopodis. pv.citri 

 Bacterial canker of tomato:   Clavibacter michiganenesis 

 

(5) Scab : infected area become rough , corky , slightly raised with rusty surface and 

pitted due to the abnormal proliferation of tissues in the epidermis.     When 

compared to canker, scab  are also corky out growth but formed only by 

epidermal infection and are not deep seated. 

Example 

 Potato scab : Streptomyces  scabies  

(6) Galls & Tumours : Development o f globose , elongated or irregular sized 

outgrowth on the affected plant part due to the hypertrophy & hyperplasia of 

cell.  

Example  

Crown gall in apple :  Agrobacterium  tumifaciens 



7. Wilts :  yellowing, drooping, wilting and death of aerial and underground parts of 

the plant.   

Example   

 Bacterial wilt in  solanaceous crop : Pseudomonas  solanacearum  

Moko wilt of  Banana : Pseudomonas  solanacearum 

 

Mechanism of action of bacterial plant pathogens 

 Production of enzymes, toxin and polysaccharides:  

   Bacteria produces pectic enzymes like pectinoesterase and polygalacturonase 

when they penetrate host cell and destroy the cell wall. 

      Example : Soft rot bacteria – Erwinia crotovora 

    Some bacteria produces toxin to cause infection or at host parasite interaction  

   Eg.        Fire blight of apple  :  Erwinig  amylovora   

                 Wild fire of Tobacco- Pseudomonas tabaci   (tabtoxin) 

 

 Blocking of  Xylem vessel: 

  Vascular wilt inducing bacteria grows inside the xylem vessels  and plug   the 

vessels which affect the nutrient and water  transportation and  also secreted 

phenol oxidase enzyme which  cause oxidation of phenolics to quinones . This 

oxidized phenolics are in turn polymerized to form melanins which actually 

import the colour to the vascular bundle. Due to this wilted plant show brown to 

black discolouration in vascular bundle and also form gel and gums which clog 

the vascular bundles. 

 Ex. Moko wilt of  Banana : Pseudomonas  solanacearum 

 Hpertrophy and hyperplasia 

     Bacteria produces tuour inducing principle (Ti) which is located in the plasmid 

in the TDNA part. This TDNA induces cells to produce more IAA  which causes 



excessive elongation & division of cells. Once this plasmid get intergrated with 

the host DNA , then the host cell become a tumor cell and then there is no  

further role of bacterium.tumour cell multiply and produces galls. 

Example  

Crown gall in apple :  Agrobacterium  tumifaciens 

 

 



T he disease was first reported in Tamil Nadu in 1939.

The disease is common on papaya in India but the incidence is less as compared to PRSV. 

The affected plants do not bear any fruit causing heavy loss to the farmers.



 The most characteristic symptoms are severe
curling, crinkling and distortion of the leaves
accompanied by vein clearing and reduction in
the size of the leaf.

 Leaves become leathery, brittle and inverted cup
shaped.

 The interveinal areas of the leaf are raised on the
upper surface due to hypertrophy which produce
rugocity .

 Curled leaves have thickened veins.

 The petioles are twisted in a zig-zag manner.

 The growth of affected plants is reduced and
affected leaves appear as a bunch of leaves at
the top.

 Affected plants do not bear any fruit.



 The causal virus particles are geminate and the virus

belongs to family Geminiviridae.

 The genome of the virus is single stranded DNA and

divides into two parts, DNA-A and DNA-B.

 The virus is transmitted by whitefly (Bemisia tabaci) ,

grafting and juice inoculation.

 The virus can be transmitted from papaya to

tobacco and tomato and produces same symptoms

as leaf curl.



 P.I: Infected plant parts.

 S.I: Whitefly, Bemisia tabaci and grafting.

 Virus also infects tobacco, tomato, sunhemp, chilli, Petunia, Zinnia, Datura stramonium, 

hollyhock, cape gooseberry etc.



The inoculum survives on papaya in nature or may be on other plants like tobacco, tomato, and

several weed hosts. From these sources, the virus infects papaya by the whitefly vector.



 Disease free seedlings.

 Rouging and destruction of diseased plants.

 Vector control with monochrotophos@0.05% or Dimethoate@0.2% or

metasystox@0.1%

 No source of resistance is available.

 Foliar application of fly ash, waste of thermal power plants, at 2 kg per plant

significantly reduces the spread of the disease by controlling the insect vector.



Affected plants never recover from the disease and hence are a perennial source of 
inoculum.

mailto:metasystox@0.1%


 Synonyms: papaya distortion mosaic, papaya leaf distortion, papaya distortion ring spot 
and papaya mosaic.

 Occurs in a severe from in central India. 

 In India 1st reported from Mumbai and Pune in 1948.

 The losses is 100% if the infection occurs in early stage of their growth.



 Mottling and puckering of leaves, especially the
young ones.

 The first infection of the plant occur on the top
leaves, the lower mature leaves showing no
abnormalities.

 The lamina is reduced and malformed and are
often modified into tendril like structures
(shoestrings).

 Decline & marked reduction in growth of diseased
plants (within 30-40 days).

 Older leaves fall down and a small tuft of younger
leaves is left at the top with upright position.

 The stem, petiole and fruits develop elongated
water soaked areas showing concentric or circular
rings.

 Fruits develop innumerable circular, water soaked
lesions with spots in the center and mosaic like
patches are also formed.

 Fruit size is severely reduced with deformed shape



 The causal virus particles are filamentous, non-

enveloped and flexuous with a modal length of 760-

800 nm with a width of 12 nm.

 The virus belongs to potyvirus (potyviridae) group. The

genome of the virus is ssRNA, unipartite and 12 kb in

size.

 The particle contains 94.5% protein and 5.5% nucleic

acid.

 The virus has two strains: PRSV-W that infects

watermelon but not to papaya and PRSV-P strain

which infects both papaya and cucurbits.

 The virus is transmitted by aphid vectors, Myzus

persicae and Aphis gossypii , A. malvae, etc. in a non-

persistent manner. A protein, the helper component is

required for virus transmission. Also by mechanical

inoculations.



 P.I: Affected plant parts (Mechanical) 

 S.I: Aphids (Myzus persicae).

 Other hosts: Cucumis sativus, Cucurbita pepo, C. maxima, Citrullus vilgaris, Luffa

acutangula, Lagenaria siceraria, Safflower and some ornamental plants.

 Destruction of affected plants.

 Avoiding vectors, removing source of inoculum are the measures for management of the 

disease.



Also known as collar rot or root rot.

Most serious fungal disease of papaya.

Under favorable conditions it can annihilate the entire plantation within one season

making soil unfit for replanting.

Wide spread disease in India, Sri Lanka, Hawaii and S. Africa.

In India it usually appears during the rainy season (July-August).



 The typical stem rot is most common in 2-3 years old 

plants.

 Water soaked patches on the stem at the ground level.

 Patches enlarge and girdle the base of the stem.

 Due to rotting diseased tissues turn brown or black.

 Terminal leaves turn yellow, wilt and droop prematuraly.

 Fruits shrivel and drop off.

 Entire plant topples over and dies.

 Internal tissues of bark appear dry and give honey comb 

appearance.

 Roots deteriorate and may be destroy.



 The fungus is soil-inhabitant.

 The mycelium is intercellular with branched

hyphae.

 The entire thallus is full of oospores, oogonia and

antheridia both within host tissues and its surface.

 The sporangia are 500 x 20µ in size and upon

germination form a bladder-like vesicle having

30-40 zoospores.

 The oospores are formed after fertilization of 

sexual structures. They germinate and cause 

infection



 The oospores are formed on the papaya residue in soil. The pathogen can survive on dead 

organic matters as saprophyte and causes infection when suitable host is grown in such soil. 

The secondary spread takes place by zoospores.



Survival and spread 

 P.I: Oospores (Pythium) or Sclerotia (Rhizoctonia) in soil .

 S.I: Sporangis and water borne zoospores or seedlings raised in infected soil carry the disease to 

field.

Favourable conditions 

 Appears from June to August 

 Younger seedlings are more susceptible than older ones 

 Optimum temperature for the disease development is 36° C.

 Abundance of  moisture around the base of the stem is conducive to disease development and its 

spread.

 Severity increases with intensity of rainfall.



 Seedlings should be raised in well drained nursery area under no water 

logging.

 Uproot the diseased seedlings and burn, the same pit should not be used for 

replanting.

 ST with captan@4g/kg seed or chlorothalonil@2g/kg seed (R. solani).

 Drench the base of stem with COC@0.25% or metalaxyl@0.1% or Bordeaux 

mixture@1.2%

 Chemical control is also possible at early stages of infection by removing 

infected tissues and applies the fungicidal paste.

 Seed treatment with thiram or 0.25% Difolatan improves the emergence.

 Soil drenching is also recommended.

mailto:mixture@1.2%




Nematodes: General morphology and reproduction, Classification, Symptoms 
and nature of damage caused by plant parasitic nematodes (Heterodera, 

Meloidogyne, Anguina, Radopholus etc.) 

 

"Nematode" is a greek word (nema = thread, oides = form) i.e. thread like organisms as they 
look like tiny threads moving under microscope. 

Synonyms: Threadworms, eelworms (serpentile eel like body), round worms, nemas, 
paudh/padap krimi etc. 

 
Body Shape: Nematodes are generally vermiform having a cylindrical body tapering towards 
both anterior as well as posterior ends and having maximum diameter near mid body. 

Nematodes belong to the kingdom Animalia. Nematodes are wormlike in appearance but quite 
distinct taxonomically from the true worms. Most of the several thousand species of nematodes 
live freely in fresh or salt waters or in the soil, and feed on microorganisms and microscopic 
plants and animals.  Numerous species of nematodes attack and parasitize humans and animals, 
in which they cause various diseases. Several hundred species, however, are known to feed on 
living plants, obtaining their food with spears or stylets and causing a variety of plant diseases 
worldwide. The annual worldwide losses caused by nematodes on the life-sustaining crops, 
which include all grains and legumes, banana, cassava, coconut, potato, sugar beet, sugarcane, 
sweet potato, and yam, are estimated to be about 11%; Losses for most other economically 
important crops (vegetables, fruits, and nonedible field crops) are about 14%, for a total of over 
$80 billion annually. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Typical plant parasitic nematod         Close-up of the head of a plant parasitic nematode showing 
the spear or stylet. 

 



CHARACTERISTICS OF PLANT

 
Morphology 
Plant-parasitic nematodes are small, 300 to 1,000
long, by 15–35 micrometers wide. Their
but they can be observed easily under the microscope. Nematodes are, in general, eel shaped and 
round in cross section, with smooth, unsegmented bodies, without legs or other appendages. The 
females of some species, however, become swollen at maturity and
bodies. 

Anatomy 
The nematode body is more or less transparent.
usually marked by striations or other markings. The
the successive juvenile stages. The cuticle is produced by the
living cells and extends into the body cavity as four chords separating four
muscles. The muscles enable the
which circulation and respiration take place. The digestive system
from the mouth through the esophagus, intestine, rectum, and anus. Lips, usually six
surround the mouth. Most plant parasitic

CHARACTERISTICS OF PLANT PATHOGENIC NEMATODES

parasitic nematodes are small, 300 to 1,000 micrometers, with some up to 4 millimeters 
35 micrometers wide. Their small diameter makes them invisible to the naked eye,

but they can be observed easily under the microscope. Nematodes are, in general, eel shaped and 
cross section, with smooth, unsegmented bodies, without legs or other appendages. The 

species, however, become swollen at maturity and have pear-shaped or spheroid 

The nematode body is more or less transparent. It is covered by a colorless cuticle, which is
usually marked by striations or other markings. The cuticle molts when a nematode goes 

juvenile stages. The cuticle is produced by the hypodermis, which consists of 
into the body cavity as four chords separating four bands of longitudinal 

muscles. The muscles enable the nematode to move. The body cavity contains a fluid through 
and respiration take place. The digestive system is a hollow tube extending 

esophagus, intestine, rectum, and anus. Lips, usually six
parasitic nematodes have a hollow stylet or spear,

PATHOGENIC NEMATODES 

micrometers, with some up to 4 millimeters 
small diameter makes them invisible to the naked eye, 

but they can be observed easily under the microscope. Nematodes are, in general, eel shaped and 
cross section, with smooth, unsegmented bodies, without legs or other appendages. The 

shaped or spheroid 

 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

It is covered by a colorless cuticle, which is 
cuticle molts when a nematode goes through 

hypodermis, which consists of 
bands of longitudinal 

dy cavity contains a fluid through 
is a hollow tube extending 

esophagus, intestine, rectum, and anus. Lips, usually six in number, 
nematodes have a hollow stylet or spear, but a few have 



a solid modified spear. The spear is used
withdraw nutrients from the cells.

 
The reproductive systems of nematodes are well
followed by an oviduct and uterus terminating in a vulva. The
similar to that of the female, but there is a testis, seminal vesicle, and a terminus
opening with the intestine. A pair
Reproduction in plant parasitic nematodes is
Many species lack males. 
 
Ecology and Spread 
Almost all plant pathogenic nematodes live 
soil, feeding superficially on roots and underground stems, and in all,
sedentary parasites, the eggs, the
for all or part of their lives. Soil temperature,
movement of nematodes in the soil. Nematodes occur in greatest
centimeters of soil. The distribution of nematodes in cultivated soil is
greatest in or around the roots of susceptible
considerable depths (30–150 centimeters or more). The greater
region of host plant roots is due primarily to t
available and also to attraction of
these must be added the so-called hatching factor

a solid modified spear. The spear is used to puncture holes in plant cells and through which to
withdraw nutrients from the cells. 

The reproductive systems of nematodes are well developed. Females have one or two ovaries, 
by an oviduct and uterus terminating in a vulva. The male reproductive structure is 

female, but there is a testis, seminal vesicle, and a terminus
air of protrusible, copulatory spicules are also present in the

Reproduction in plant parasitic nematodes is through eggs and may be sexual or parthenogenetic.

Almost all plant pathogenic nematodes live part of their lives in the soil. Many live freely in the 
superficially on roots and underground stems, and in all, even in the specialized 

sedentary parasites, the eggs, the preparasitic juvenile stages, and the males are found in
r all or part of their lives. Soil temperature, moisture, and aeration affect survival and 

nematodes in the soil. Nematodes occur in greatest abundance in the top 15 to 30 
distribution of nematodes in cultivated soil is usually

greatest in or around the roots of susceptible plants, which they follow sometimes to 
150 centimeters or more). The greater concentration of nematodes in the 

roots is due primarily to their more rapid reproduction on the food supply 
available and also to attraction of nematodes by substances released into the rhizosphere.

called hatching factor effect of substances originating from the root 

to puncture holes in plant cells and through which to 

Females have one or two ovaries, 
male reproductive structure is 

female, but there is a testis, seminal vesicle, and a terminus in a common 
of protrusible, copulatory spicules are also present in the male. 

through eggs and may be sexual or parthenogenetic. 

lives in the soil. Many live freely in the 
even in the specialized 

preparasitic juvenile stages, and the males are found in the soil 
moisture, and aeration affect survival and 

abundance in the top 15 to 30 
usually irregular and is 

plants, which they follow sometimes to 
concentration of nematodes in the 

on the food supply 
nematodes by substances released into the rhizosphere. To 

effect of substances originating from the root 



that diffuse into the surrounding soil, markedly stimulating the hatching of eggs of certain 
species. Most nematode eggs, however, hatch freely in water in the absence of any special 
stimulus. Nematodes spread through the soil slowly under their own power. The overall distance 
traveled by a nematode probably does not exceed a few meters per season. Nematodes move 
faster in the soil when the pores are lined with a thin film of water (a few micrometers thick) 
than when the soil is waterlogged. In addition to their own movement, however, nematodes can 
be spread easily by anything that moves and can carry particles of soil. Farm equipment, 
irrigation, flood or drainage water, animal feet, birds, and dust storms spread nematodes in local 
areas, whereas over long distances nematodes are spread primarily with farm produce and 
nursery plants. A few nematodes that attack the aboveground parts of plants not only spread 
through the soil as described earlier, but they are also splashed to the plants by falling rain or 
overhead watering. Some species ascend wet plant stem or leaf surfaces on their own power. 
Further spread takes place on contact of infected plant parts with adjacent healthy plants. Two 
genera of the family Aphelenchoididae, namely Aphelenchoides (bud and leaf nematodes) and 
Bursaphelenchus (the pine wilt and red-ring nematodes), seldom, if ever, enter the soil. They 
survive instead in the tissues of the plants they infect and, for the latter, in its insect vectors. 
 
Classification 
All plant parasitic nematodes belong to the phylum Nematoda.  Most of the important parasitic 
genera belong to the order Tylenchida, but a few belong to the order Dorylaimida.  
 
Phylum: Nematoda 
Order: Tylenchida 
Suborder: Tylenchina 
 
Super family: Tylenchoidea 
 
Family: Anguinidae 
Genus: Anguina, wheat or seed-gall nematode 
Ditylenchus, stem or bulb nematode of alfalfa, onion, narcissus, etc. 
 
Family: Belonolaimidae 
Genus: Belonolaimus, sting nematode of cereals, legumes, cucurbits, etc. 
Tylenchorhynchus, stunt nematode of tobacco, corn, cotton, etc. 
 
Family: Pratylenchidae 
Genus: Pratylenchus, lesion nematode of almost all crop plants and trees 
Radopholus, burrowing nematode of banana, citrus, coffee, sugarcane, etc. 
Nacobbus, false root-knot nematode  
 
Family: Hoplolaimidae 
Genus: Hoplolaimus, lance nematode of corn, sugarcane, cotton, alfalfa, etc. 
Rotylenchus, spiral nematode of various plants 
Heliocotylenchus, spiral nematode of various plants 
Rotylenchulus, reniform nematode of cotton, papaya, tea, tomato, etc. 
Scutellonema, dry rot nematode of yam, cassava, etc. 



 
Family: Heteroderidae 
Genus: Globodera, round cyst nematode of potato 
Heterodera, cyst nematode of tobacco, soybean, sugar beets, cereals  
Meloidogyne, root-knot nematode of almost all crop plants 
 
Superfamily: Criconematoidea 
 
Family: Criconematidae 
Genus: Criconemella, formerly Criconema and Criconemoides, ring nematode of woody plants, 
cause of 
peach tree short life 
Hemicycliophora, sheath nematode of various plants 
 
Family: Paratylenchidae 
Genus: Paratylenchus, pin nematode of various plants 
 
Family: Tylenchulidae 
Genus: Tylenchulus, citrus nematode of citrus, grapes, olive, lilac, etc. 
 
Suborder: Aphelenchina 
Family: Aphelenchoididae 
Genus: Aphelenchoides, foliar nematode of chrysanthemum, strawberry, begonia, rice, coconut, 
etc. 
Bursaphelenchus, the pine wilt and the coconut palm or red ring nematodes 
 
Order: Dorylaimida 
Family: Longidoridae 
Genus: Longidorus, needle nematode of some plants 
Xiphinema, dagger nematode of trees, woody vines, and many annuals 
 
Family: Trichodoridae 
Genus: Paratrichodorus, stubby-root nematode of cereals, vegetables, cranberry, and apple 
Trichodorus, stubby-root nematode of sugar beet, potato, cereals, and apple  
 
In terms of habitat, pathogenic nematodes are either ectoparasites, i.e., species that do not 
normally enter root tissue but feed only from the outside on the cells near the root surfaces, or 
endoparasites, i.e., species that enter the host and feed form within. Both of these can be either 
migratory, i.e., they live freely in the soil and feed on plants without becoming attached or move 
around inside the plant, or sedentary, i.e., species that, once within a root, do not move about. 
Ectoparasitic nematodes include the ring nematodes (sedentary) and the dagger, stubby root, and 
sting nematodes (all migratory). Endoparasitic nematodes include the root knot, cyst, and citrus 
nematodes (all sedentary), and the lesion, stem and bulb, burrowing, leaf, stunt, lance, and spiral 
nematodes (all somewhat migratory). Of these, the cyst, lance, and spiral nematodes may be 
somewhat ectoparasitic, at least during part of their lives. 
 



SYMPTOMS CAUSED BY NEMATODES 
Nematode infections of plants result in the appearance of symptoms on roots as well as on the 
aboveground parts of plants. Root symptoms may appear as root lesions, root knots or root galls, 
excessive root branching, injured root tips, and, when nematode infections are accompanied by 
plant pathogenic or saprophytic bacteria and fungi, as root rots. The root symptoms are usually 
accompanied by non characteristic symptoms in the aboveground parts of plants, appearing 
primarily as reduced growth, and symptoms of nutrient deficiencies such as yellowing of foliage, 
excessive wilting in hot or dry weather, reduced yields, and poor quality of products. Certain 
species of nematodes invade the aboveground portions of plants rather than the roots, and on 
these they cause galls, necrotic lesions and rots, twisting or distortion of leaves and stems, and 
abnormal development of the floral parts. Certain nematodes attack cereals or grasses and form 
galls full of nematodes in place of seed. 
 
HOW NEMATODES AFFECT PLANTS 
The direct mechanical injury inflicted by nematodes while feeding causes only slight damage to 
plants. Most of the damage seems to be caused by a secretion of saliva injected into the plants 
while the nematodes are feeding. Some nematode species are rapid feeders. They puncture a cell 
wall, inject saliva into the cell, withdraw part of the cell contents, and move on within a few 
seconds. Others feed much more slowly and may remain at the same puncture for several hours 
or days. These, as well as the females of species that become established in or on roots 
permanently, inject saliva intermittently as long as they are feeding. The feeding process causes 
the affected plant cells to react, resulting in dead or devitalized root tips and buds, lesion 
formation and tissue breakdown, swellings and galls of various kinds, and crinkled and distorted 
stems and foliage. Some of these manifestations are caused by the dissolution of infected tissues 
by nematode enzymes, which, with or without the help of toxic metabolites, cause tissue 
disintegration and the death of cells. Others are caused by abnormal cell enlargement 
(hypertrophy), by suppression of cell divisions, or by stimulation of cell division proceeding in a 
controlled manner and resulting in the formation of galls or of large numbers of lateral roots at or 
near the points of infection. Plant diseases caused by nematodes are complex. Root-feeding 
species often decrease the ability of plants to take up water and nutrients from soil and thus cause 
symptoms of water and nutrient deficiencies in the aboveground parts of plants. In some cases, 
however, it is the plant–nematode biochemical interactions that impair the overall physiology of 
plants, as well as the role nematodes play in providing courts for entry of other pathogens that 
are primarily responsible for plant injury. The mechanical damage or withdrawal of food from 
plants by nematodes is generally less significant but may become all important when nematode 
populations become very large. 
 
Plant Pathogenic Nematodes 

S.No. Genus Common name and host 

1. Anguina  Wheat or seed gall nematode 

2. Ditylenchus Stem or bulb nematode of alfalfa, onion 

3. Belonolaimus  Sting nematode of cereals, legumes, cucurbits 

4. Tylenchorhynchus  Stunt nematode of tobacco, corn, cotton 



5. Pratylenchus  Lesion nematode of crops and trees 

6. Radopholus Burrowing nematode of banana, citrus, coffee, sugarcane 

7. Hoplolaimus  Lance nematode of corn, sugarcane, cotton etc. 

8. Rotylenchus  Spiral nematode of various plants 

9. Heliocotylenchus  Spiral nematode of various plants 

10.  Rotylenchulus Reniform nematode of cotton, papaya, tea, tomato etc. 

11.  Scutellonema  Dry rot nematode of yam, cassava 

12.  Globodera Golden/Round cyst nematode of potato 

13.  Heterodera Cyst nematode of tobacco, soybean, sugar beets, cereals 

14.  Meloidogyne Root knot nematode of all crops 

15.  Criconemella Ring nematode of woody plants 

16.  Hemicycliophora  Sheath nematode of various plants 

17.  Paratylenchus  Pin nematode of various plants 

18.  Tylenchulus  Citrus nematode of citrus, grape, olive etc. 

19.  Aphelenchoides Foliar nematode of chrysanthemum, strawberry, begonia, 

rice, coconut, etc. 

20.  Bursaphelenchus  Pine wilt, coconut palm or red ring nematode 

21.  Longidorus  Needle nematode of plants 

22.  Xiphinema  Dagger nematode of trees, woody vines 

23.  Paratrichodorus  Stubby root nematode of cereals, vegetables and apple 

24.  Trichodorus  Stubby root nematode of cereals, sugar beet, potato and 

apple 

 

 
  



ROOT-KNOT NEMATODES:
 
Root-knot nematodes occur throughout the world, especially
and short or mild winters, and in greenhouses everywhere. They
of plants, including almost all cultivated plants, and reduce world crop production
Losses in individual fields, however, may be much higher.
by devitalizing root tips and causing the formation of swellings of the
only deprive plants of nutrients,
crops. When susceptible plants are infected at the
in complete destruction of the crop. Infections of old
yield or may reduce yields considerably.
 
Symptoms 
Aboveground symptoms are reduced growth and fewer,
that tend to wilt in warm weather. Blossoms and fruits are few and of
plants usually linger through the
Characteristic symptoms of the disease appear on the
roots develop the typical root-knot galls that are two
healthy root. Several infections along the root give the root
infected by certain species of the nematode also develop a bushy rootsystem
 Usually, however, infected roots
in the season. When tubers or other fleshy
peanuts, and yam, are attacked, they produce small swellings
quite prominent and cause distortion or cracking. Roots of trees are also attacked by the rootknot
nematodes and develop galls  roughly proportional in size to the length of time since
 
The Pathogen: Meloidogyne spp.
The male and female root-knot nematodes are easily
are wormlike and about 1.2 to 1.5
long by 30 to 36 micrometers in diameter. The 
females are pear shaped and about 0.40 to 
1.30 millimeters long by 0.27 to 0.75 
millimeters wide. Each female lays 
approximately 500 eggs in a gelatinous
substance. The first- and second
juveniles are wormlike and develop inside 
each egg. The second-stage juvenile emerges 
from the egg into the soil. This is the only 
infective stage of the nematode. 
susceptible host, the juvenile enters the root, 
becomes sedentary, and grows thick like
sausage. The nematode feeds on the cells 
around its head by inserting its stylet and secreting saliva into the
enlargement and also liquefies part of the contents of
nematode through its stylet. The nematode then undergoes a second molt and
third-stage juvenile, which is stouter and

KNOT NEMATODES: MELOIDOGYNE SPP. 

knot nematodes occur throughout the world, especially in areas with warm or hot climates 
mild winters, and in greenhouses everywhere. They attack more than 2,000 species 

almost all cultivated plants, and reduce world crop production
however, may be much higher. Root-knot nematodes damage plants 

root tips and causing the formation of swellings of the roots. These eff
only deprive plants of nutrients, but also disfigure and reduce the market value of many
crops. When susceptible plants are infected at the seedling stage, losses are heavy and may result 

destruction of the crop. Infections of older plants may have only slight effects on 
yields considerably. 

Aboveground symptoms are reduced growth and fewer, small, pale green, or yellowish leaves 
in warm weather. Blossoms and fruits are few and of poor quality. Affected 

plants usually linger through the growing season and are seldom killed prematurely.
Characteristic symptoms of the disease appear on the underground parts of the plants. Infected 

knot galls that are two to several times as large in diameter as the 
healthy root. Several infections along the root give the root a rough, clubbed appearance. Roots 

species of the nematode also develop a bushy rootsystem.  
Usually, however, infected roots remain smaller and show necrosis and rotting, particularly
in the season. When tubers or other fleshy underground organs, such as carrots, potatoes, 

and yam, are attacked, they produce small swellings over their surface, which become 
cause distortion or cracking. Roots of trees are also attacked by the rootknot

roughly proportional in size to the length of time since

spp.  
nematodes are easily distinguishable morphologically. The males 

are wormlike and about 1.2 to 1.5 millimeters 
long by 30 to 36 micrometers in diameter. The 
females are pear shaped and about 0.40 to 

long by 0.27 to 0.75 
ch female lays 

approximately 500 eggs in a gelatinous 
and second-stage 

are wormlike and develop inside 
stage juvenile emerges 
soil. This is the only 

 If it reaches a 
susceptible host, the juvenile enters the root, 
becomes sedentary, and grows thick like a 
sausage. The nematode feeds on the cells 

head by inserting its stylet and secreting saliva into the cells. The saliva stimulates cell 
also liquefies part of the contents of the cells, which are then withdrawn by the 

The nematode then undergoes a second molt and 
stage juvenile, which is stouter and goes through the third molt and gives rise to the 

in areas with warm or hot climates 
attack more than 2,000 species 

almost all cultivated plants, and reduce world crop production by about 5%. 
knot nematodes damage plants 

roots. These effects not 
but also disfigure and reduce the market value of many root 

seedling stage, losses are heavy and may result 
may have only slight effects on 

small, pale green, or yellowish leaves 
poor quality. Affected 

growing season and are seldom killed prematurely. 
underground parts of the plants. Infected 

as large in diameter as the 
a rough, clubbed appearance. Roots 

emain smaller and show necrosis and rotting, particularly late 
underground organs, such as carrots, potatoes, 

over their surface, which become 
cause distortion or cracking. Roots of trees are also attacked by the rootknot 

roughly proportional in size to the length of time since infection. 

distinguishable morphologically. The males 

cells. The saliva stimulates cell 
the cells, which are then withdrawn by the 

 gives rise to the 
t and gives rise to the 



fourthstage juvenile, which can be distinguished as either male
fourth and final molt and the male emerges from the root as the
becomes free-living in the soil, while the fema
length and appears pear shaped. The
by a male, produces eggs that are laid in a gelatinous
tissues, depending on the position of the female.
Eggs may hatch immediately or a few of them may overwinter
cycle is completed in 25 days at 27°C, but it takes
the eggs hatch, the infective second
cause new infections in the same root or infect other roots of the same plants or roots
plants. Most root-knot nematodes are found in
surface. Root-knot nematodes are spread primarily by water or
equipment or on infected propagating
 
 
Development of Disease 
Second-stage juveniles enter roots behind the root tip
behind the growing point. There, they settle with their head in the
In older 
roots the 
head is 
usually in 
the 
pericycle. 
Cells near 
the path of 
the 
juveniles 
begin to 
enlarge. 
Two or 3 
days after 
the juvenile 
has become 
established, 
some of the 
cells 
around its 
head begin 
to enlarge. 
Their 
nuclei 
divide, but 
no cell 
walls are laid down. The existing
giving rise to giant cells. Enlargem

juvenile, which can be distinguished as either male or female. These undergo the 
final molt and the male emerges from the root as the worm-like adult male, which 

soil, while the female continues to grow in thickness and
length and appears pear shaped. The female continues to swell and, with or without fertilization
by a male, produces eggs that are laid in a gelatinous protective coat inside or outside the root 

pending on the position of the female. 
Eggs may hatch immediately or a few of them may overwinter and hatch in the spring.
cycle is completed in 25 days at 27°C, but it takes longer at lower or higher temperatures. When 

second-stage juveniles migrate to adjacent parts of the root and 
same root or infect other roots of the same plants or roots

knot nematodes are found in the root zone from 5 to 25 centimeters below th
knot nematodes are spread primarily by water or by soil clinging to farm 

equipment or on infected propagating stock transported into uninfested areas. 

stage juveniles enter roots behind the root tip and keep moving until they reach positions 
growing point. There, they settle with their head in the developing vascular cylinder. 

walls are laid down. The existing walls between some of the cells break down and disappear,
giving rise to giant cells. Enlargement and coalescing of cells continues for 2 to 3 weeks, and the 

or female. These undergo the 
like adult male, which 

le continues to grow in thickness and somewhat in 
female continues to swell and, with or without fertilization 

protective coat inside or outside the root 

and hatch in the spring. A life 
longer at lower or higher temperatures. When 

adjacent parts of the root and 
same root or infect other roots of the same plants or roots of other 

the root zone from 5 to 25 centimeters below the 
by soil clinging to farm 

moving until they reach positions 
developing vascular cylinder. 

walls between some of the cells break down and disappear, 
for 2 to 3 weeks, and the 



giant cells invade the surrounding tissues irregularly. Each gall usually contains three to six giant 
cells, which are due to substances contained in the saliva secreted by the nematode in the giant 
cells during feeding. 
The giant cells attract nutrients from surrounding cells and serve as feeder cells for the nematode. 
The giant cells crush xylem elements already present but degenerate when nematodes cease to 
feed or die. In the early stages of gall development the cortical cells enlarge in size and, later, 
they also divide rapidly. Swelling of the root results from excessive enlargement and division of 
all types of cells surrounding the giant cells and from enlargement of the nematode. As the 
females enlarge and produce their egg sacs, they push outward, split the cortex, and may become 
exposed on the surface of the root or remain completely covered, depending on the position of 
the nematode in relation to the root surface. In addition to the disturbance caused to plants by the 
nematode galls themselves, damage to infected plants is frequently increased by certain parasitic 
fungi, which can easily attack the weakened root tissues and the hypertrophied, undifferentiated 
cells of the galls. Moreover, some fungi, e.g., Fusarium, Rhizoctonia, and the oomycete Pythium, 
grow and reproduce much faster in the galls than in other areas of the root, thus inducing an 
earlier breakdown of the root tissues. 
Management 
Root knot can be controlled effectively in the greenhouse with steam sterilization of the soil or 
soil fumigation with nematicides. In the field the best control of root knot is obtained by 
fumigating the soil with approved chemical nematicides. Each treatment usually gives 
satisfactory control of root knot for one season. In several crops, varieties resistant to root-knot 
nematodes are also available. Transgenic plants producing inhibitors to certain nematode 
proteinases have shown promising resistance to the nematode and their use may prove practical 
in the future. Several cultural practices, such as crop rotation, fallow soil, soil solarization, and 
certain soil amendments, are also helpful in reducing root-knot losses. Biological control of root 
knot has been obtained experimentally by treating nematode infested soil with endospores of the 
bacterium Pasteuria penetrans, which is an obligate parasite of some plant parasitic nematodes, 
or with preparations of the fungus Trichoderma harzianum; by treating transplants or infested 
soils with spores of the fungus Dactylella oviparasitica, which parasitizes the eggs of 
Meloidogyne nematodes; and in some experiments by treating transplants or infested soils with 
spores of the vesiculararbuscular 
mycorrhizal fungi Gigaspora and Glomus. Fairly good experimental control of root knot has also 
been obtained by mixing essential oils from plant spices into nematode-infested soil before 
planting and through an increase in plants of their local and systemic-induced resistance to root 
knot nematodes by mixing in the soil or spraying the plants with amino-butyric acid and other 
amino acids. 
 
  



CYST NEMATODES: HETERODERA AND GLOBODERA 
 
Cyst nematodes cause a variety of plant diseases, mostly in the temperate regions of the world. 
Some species of cyst nematodes attack only a few plant species and are present over limited 
geographic areas, whereas others attack a large number of plant species and are widely 
distributed. The round cyst nematode Globodera rostochiensis is known as the golden nematode 
and is particularly severe on potato but also on tomato and eggplant. Other common cyst 
nematodes and their most important hosts are Heterodera avenae on cereals, H. glycines on 
soybeans, H. schachtii on sugar beets, crucifers, and spinach, H. tabacum on tobacco, and H. 
trifolii on clover. The diagnostic feature of cyst nematode infections is the presence of cysts on 
the roots and usually the proliferation of roots and production of shallow, bushy root systems. 
 
SOYBEAN CYST NEMATODE: HETERODERA GLYCINES 
The soybean cyst nematode has been found in northeastern Asia, Japan, and Java, in most 
soybean producing states of North America, and in Colombia and Brazil, and it continues to 
spread slowly to new areas. Several other legumes, such as common bean and forage legumes, 
and a few nonleguminous plants are also attacked by this nematode. Losses vary from slight to 
complete destruction of the crop. In heavily infested fields, yield is often reduced from 30 to 
75%. 
Symptoms 
Infected soybean plants growing on sandy soils are stunted and their leaves turn yellow and fall 

off early. The plants bear only a few flowers and a few small seeds and they usually die. Infected 
plants growing on fertile soils with plenty of moisture show only slight aboveground symptoms 
and produce a nearly normal yield for a year or two. In subsequent years, however, due to the 
tremendous buildup of nematodes in the soil, plants in these areas also become severely chlorotic 
and dwarfed. The root system of infected plants appears smaller and has fewer bacterial nodules 
than roots of healthy plants. The most characteristic symptom of the disease is the presence of 
female nematodes in varying stages of development and of mature cysts attached on the soybean 
roots. Young females are small, white, and partly buried in the root, with only part of them 
protruding on the surface. Older females are larger, almost completely on the surface of the root, 
and appear yellowish or brown, depending on maturity. Dead, brown cysts are also present on 
the roots. 
 



The Pathogen: Heterodera glycines
The soybean cyst nematode overwinters as eggs in
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soil for many years and protects the eggs in it.
completion of a life cycle of this nematode.
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Development of Disease 
The infective second-stage juveniles penetrate young primary roots or apical meristems of 
secondary roots. The juveniles pierce their stylets into and feed off cells of the cortex, the 
endodermis, or the pericycle, causing the enlargement of these cells. The groups of enlarged cells 
are called syncytia and serve as feeder cells for the nematode. Syncytia in contact with 
developing third- or fourth-stage males begin to degenerate, indicating cessation of feeding. 
Syncytia in contact with females degenerate after egg deposition. Syncytia often inhibit 
secondary growth of both phloem and xylem. Because a short portion of a root may be attacked 
by many juveniles, the large number of syncytia that develop reduce the conductive elements 
drastically and result in poor growth and yield of soybean plants, especially under stresses of 
moisture. 
 
Management 

 Soil fumigation of soybean cyst nematode-infested fields or soil treatment with 
nonfumigant nematicides temporarily increases plant growth and soybean yield, but is not 
economically viable. Nematode cysts and juveniles, however, are almost never eradicated 
from a field completely by fumigation, and a small nematode population left over after 
fumigation can build up rapidly on soybean. In addition, the cost of fumigation per acre 
makes its use impractical. 

 The most practical method of control of the soybean cyst nematode is through the use of 
resistant varieties and through a 1- to 2-year crop rotation with nonhost crops, as some 
legumes are the only other cultivated crops that are hosts of this nematode. The 
effectiveness of crop rotation is increased by planting the more resistant soybean 
varieties, which do not allow a quick and excessive buildup of nematode populations. 

 Cysts and eggs of soybean and other cyst nematodes are often found infected with one of 
several fungi such as Fusarium, Verticillium, Neocosmospora, and Dictyochaeta. So far, 
however, none of the fungi have shown promise as biological control agents of the cyst 
nematodes. 

 
 
SUGAR BEET NEMATODE: HETERODERA SCHACHTII 
The sugar beet nematode occurs wherever sugar beets are grown in North America, Europe, the 
Middle East, and Australia and is the most important nematode pest of sugar beet production. It 
also affects spinach and crucifers. The sugar beet nematode causes yield losses of 25 to 50% or 
more, especially in warmer climates or late-planted crops. The losses on sugar beet are mostly 
the result of reduced root weight; however, in warm climates the sugar content is also reduced, 
and, generally, the nematode aggravates losses caused by other pathogens such as Cercospora, 
Rhizoctonia, and beet viruses. 
 
In fields infested with the sugar beet nematode, small to large patches of wilting or dead young 
plants or stunted older sugar beets appear. The latter have an excessive number of hair-like roots. 
Small white or brownish cysts of female nematodes and their eggs can be seen clinging to the 
roots. The morphology, biology, and spread of the sugar beet nematode are similar to that of the 
soybean cyst nematode. Control of the sugar beet nematode in red table beets is based on several 
practices: early sowing so that plants can grow as much as possible at temperatures at which the 



nematodes are more or less inactive; crop rotations with alfalfa, cereals, or potatoes, which are 
not hosts of this nematode; and soil fumigation with nematicides. No sugar beet varieties of high 
quality resistant to this nematode are commercially available yet. Some fungi, like those listed 
earlier for the soybean cyst nematode, have been shown to also reduce populations of the sugar 
beet nematode, but none is effective as a practical biological control of the disease. 
 
POTATO CYST NEMATODE: GLOBODERA ROSTOCHIENSIS AND GLOBODERA 
PALLIDA 
It is also known as the “golden cyst nematode.” The adult female is virtually spherical, about 450 
micrometers in diameter, 
with a projecting neck and 
head. It affects primarily 
potatoes but also tomato, 
eggplant, and other 
solanaceous crops. It occurs 
in many parts of the world 
and causes severe losses. In 
the United States the 
nematode occurs only in two 
counties of the state of New 
York and in Canada only in 
Newfoundland and in British 
Columbia. Once the golden 
nematode infests a field, it is 
practically impossible to eradicate it because its eggs survive in cysts in the soil for more than 20 
years. Therefore, in order to prevent the further spread of the nematode in North America, the 
areas now infested are under quarantine. Infected plants grow poorly, and the leaves are small 
and yellowish green and may wilt and die. Infected roots are smaller and a number of nematode 
cysts visible to the naked eye grow along their length. Small to large areas of infected plants 
appear as patches of shorter yellowish plants that have fewer and smaller tubers. Other than 
reduced size, tubers of infected plants show no symptoms.  
  



THE BURROWING NEMATODE: RADOPHOLUS 
 
The burrowing nematode occurs widely in tropical and subtropical regions of the world and in 
greenhouses in Europe. Radopholus similis is the most important banana root pathogen in most 
banana-growing areas, where it causes the so-called banana root rot, blackhead toppling disease, 
or decline of banana. It also causes declines of avocado and of tea, and the yellows disease of 
black pepper. Furthermore, it attacks coconut, coffee and other fruit, ornamental, and forest trees, 
sugarcane, corn, vegetables, grasses, and weeds. Another closely related species, Radopholus 
citrophilus, causes the spreading decline of citrus in Florida, which is now limited in distribution 
as a result of former quarantine and eradication programs. Radopholus citrophilus also infects 
several other cultivated crops, ornamentals, and weeds. 
 
Symptoms 
Infected banana plants grow poorly, have fewer and smaller leaves, show premature defoliation, 
and have smaller fruits. Often entire banana plants 
topple over. At first, primary banana roots show 
browning and cavities in the cortex, followed by deep 
cracks on the root surface. The nematodes, along with 
fungi and bacteria that invade the cracked roots, cause 
the roots to rot. As fewer short root stubs remain, they 
cannot anchor the plant sufficiently and the latter 
topples over. From the primary roots the nematodes 
move into the rhizome, in which they cause black, 
rotten areas to develop. Even under mild moisture 

stress, infected trees wilt readily, but they generally do 
not die and often recover temporarily after rainy 
periods. The symptoms of decline spread steadily to 
more trees each year, with the diameter of the decline 
area increasing approximately 10 to 20 meters per 
year. The symptoms on the aboveground parts follow 
infection of the roots by about a year. Infected feeder 
roots have numerous lesions and are invaded by 
primary and secondary fungal parasites, which result 
in the rotting and destruction of the feeder roots. 
Feeder roots seem to be attacked and destroyed most at 
depths of 50 cm or more, leaving less than half the feeder roots functional. 
 
The Pathogen, Radopholus sp. 
The pathogen, usually known as the burrowing nematode, is wormlike, about 0.65 millimeters 
long by 25 micrometers wide. It spends its life and reproduces inside cavities in the root cortex, 
where it completes a life cycle in about 20 days. All juveniles and the females can infect roots 
and can emerge from the roots and spread through the soil. Most of the spread of the nematode 
from plant to plant, however, is through root contact or near contact. Long-distance spread of the 
nematode is primarily with infected plant material, such as infected banana sets. Although the 
nematodes infecting banana and citrus are morphologically identical, R. similis can attack banana 
but not citrus, whereas R. citrophilus can attack citrus as well as banana. Both can attack several 



other hosts. Radopholus citrophilus
exists in many parts of the world.
 
Development of Disease 
The burrowing nematode enters feeder roots and
nearby cells, destroying them, and causing the formation of cavities. As the 

to feed, the cavities enlarge and coalesce, forming long tunnels. In
the cortex of the feeding roots, from which they spread into the rhizome. In
form cavities in the cortex and
cambium, destroy them, and form nematode
pericycle divide excessively and produce groups of tumor
infection the lesions develop one
day for many days, and as the eggs hatch, develop,
increase rapidly. As many as 800 nematodes may be present in a single
Fusarium and Sclerotium invade
increase their rotting and destruction.

Radopholus citrophilus, however, is so far known to occur only in Florida; 
the world. 

The burrowing nematode enters feeder roots and moves in the cortical parenchyma, feeding on 
cells, destroying them, and causing the formation of cavities. As the nematodes continue 

cavities enlarge and coalesce, forming long tunnels. In banana, tunnels are limited to 
roots, from which they spread into the rhizome. In citrus, the nematodes 

form cavities in the cortex and also in the stelet, where they accumulate in the phloem
cambium, destroy them, and form nematode-filled cavities. At the same time, cells of the 

excessively and produce groups of tumor-like cells. Three to 4 weeks from 
develop one or more deep cracks. Each female lays one or a few eggs

day for many days, and as the eggs hatch, develop, and reproduce, nematode populations 
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invade nematode-infected roots much more readily and further
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Management 
Control of the burrowing nematode in banana can be obtained by using nematode-free plantlets 
produced through tissue culture; by removing discolored tissues from banana sets by paring and 
then dipping the sets in hot water at 55°C for 20 minutes; by flooding the field for 5 to 6 months 
where possible; and by soil fumigation or postplanting treatment with appropriate nematicides. 
Control of the spreading decline of citrus is much more difficult and depends primarily on:  
(1) preventive regulatory measures that inhibit the spread and establishment of the nematode in 

new areas by treating nursery trees with hot water at 50°C for 10 minutes or dipping them in 
nematicides;  

(2) fumigation of decline areas with heavy doses of appropriate nematicides after 
removal of all declining trees and at least two rows around them;  

(3) use of tolerant or resistant rootstocks; and  
(4) control of weeds and providing trees with sufficient fertilizer and water. 
 

SEED-GALL NEMATODES: ANGUINA 

Seed-gall nematodes were the first recorded plant parasitic nematodes; they were discovered in 
1743, when an infected wheat seed (seed gall) was crushed in a drop of water under a 
microscope. Several species of Anguina are known and all of them cause formation of galls on 
seeds, leaves, and other aboveground parts of grain crops and forage grasses. The wheat seed-
gall nematode is present wherever wheat is grown, but in most countries, where they use fresh 
and cleaned seed, this disease is quite rare. The wheat seed-gall nematode is still common, 
however, in Eastern Europe and in parts of Asia and Africa. In Australia and in South Africa. 
Certain species of Anguina serve as vectors into seeds of certain pasture grasses of the plant 
pathogenic bacterium Clavibacter toxicus. The bacterium is often infected with a bacteriophage 
that induces the bacterium to produce corynetoxins. The latter are extremely toxic and cause 
disease and often death in sheep, cattle, horses, pigs, and so on, grazing on infected pastures or 
fed infected grain. 
Symptoms 
Symptoms caused by the seed-gall nematode appear on 
plants in all growth stages. Infected seedlings are more 
or less severely stunted and show characteristic rolling 
or twisting of the leaves. A rolled leaf often traps the 
next emerging leaf or the inflorescence within it and 
causes it to become looped or bent and badly distorted. 
Stems are often enlarged near the 
base, frequently bent, and generally stunted. Diseased 
heads are shorter and thicker than healthy ones, and the 
glumes are spread farther apart by the nematode-filled 
seed galls. A diseased head may have one, a few, or all 
of its kernels turned into nematode galls. The galls are 
shiny green at first but turn brown or black as the head 
matures. Diseased heads remain green longer than 
healthy ones, and galls are shed off of the heads more 
readily than kernels. Mature galls are hard, dark, 



rounded, and shorter than normal wheat kernels and often resemble cockle seeds, smutted
or ergot sclerotia. 
 
The Pathogen: Anguina tritici 
The pathogen is a large nematode about 3.2 millimeters
The nematode lays its eggs and produces 
 
Development of Disease 
The seed-gall nematode overwinters as second
in the fall. Galls fallen to the ground or sown with the seed soften

and release infective second-stage juveniles. When a film of water is present
the plants the juveniles swim upward
near the growing point, causing the leaves and
inflorescence begins to form, the juveniles enter the floral 
fourth-stage juveniles and the adults. Each infected floral primordium becomes a
may contain 80 or more adults of both
several weeks within the freshly formed gall so that
The adults die soon after the eggs are laid. The eggs then hatch, and
emerge; however, these soon molt and by harvest produce the second
very resistant to desiccation and can survive
nematode produces only one generation per year.
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The pathogen is a large nematode about 3.2 millimeters long by 120 micrometers in diameter. 
lays its eggs and produces all its juvenile stages and the adults in seed galls.
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stage juveniles. When a film of water is present on the surface of 
the plants the juveniles swim upward and feed ectoparasitically on the tightly compacted
near the growing point, causing the leaves and stem to become malformed. When the 

begins to form, the juveniles enter the floral primordial and produce the third
the adults. Each infected floral primordium becomes a

s of both sexes. Each of the females then lays up to 2,000 eggs
several weeks within the freshly formed gall so that each gall contains 10,000 to 30,000 eggs. 

soon after the eggs are laid. The eggs then hatch, and the first
molt and by harvest produce the second-stage juveniles,

very resistant to desiccation and can survive in the galls for up to 30 years. The seedgall
nematode produces only one generation per year. The nematode is spread in infected seed.
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Management 
Control of the seed-gall nematode depends on the use of clean seed free of nematode-containing 
galls. Contaminated seed can be cleaned with modern equipment or by sieving and flotation in 
fresh water. Fields infested with seed-gall nematodes should not be planted to wheat or rye for at 
least a year. In moist weather the seed galls release second-stage juveniles; if no susceptible 
hosts are present, they die before they can infect and reproduce. In dry weather, however, 
nematodes can survive in the seed galls for many years. 



Growth and Reproduction of Plant 
pathogens and Replication of. Plant Viruses 

110.1 FUN~l .-• I 

Toe term ~fungi' is deriyed frorri the Latin word 'fungour', which means ''to flourishn. The 

branch of~botany that deals . wi~-; the ··study of fungi is known· as Mycology. In _ general, 

fungi inclu~e the ~pore •riro:ducing ]?\ants without ~hlorophyll. They cannot syn~~sise their 

own f~ hence may lead'- tne p~asitic:·- saprophytic' or symbiotic ways of life. Under th~ 
phylum ~Thallopbyfa' : ·mytophyth.'1 

(mykes fuushrooifi1fungus, phyton=plant) cdnstitutes · ~ 
distinct subdivision. Thallophytes are regarded 'the plants without stem," root a.no foliage' : This 
subdivision comprises the beterotrophic or heteroppytic thallophytes which ~ generally known 

as 'fungi'. Fungi belong to the kingdom Protista. Fungi- and plants ·'possess some similarities 

and also differ in several aspects as follows: . ~ 

1. Both fungi and plants are multicellul¥. 

2. A cell wall covers the cells in fungi and plants, while it is absent in animal cells. Cell 

walls in fungi normally ~mprises chitin, while that of ptants consi§,ts cellulose. 

3. Both fungi and plants are -made from eukaryotic cells. · · · · 

4. In the plant and the~al kingdom., 'alternation of. ~eneration' occurs, although this 

concept in funiii,. is: ·v!t,ry~ niuc.11 s~lar tQ, that of ~orne. · red algae. 
5- Both fungi -and plants are immobile, while anima!s _are not. . 

6. Both fungi and p~ ,can be parasitic, aitbough 1t 1s -not. very comm~n ~ ~lants. 

7- Fungi and plants contain single 'extentions' on the orgamsm. In fungi this 1s byphae, 

While they are roots and. shoots in plants, 

Fungi are heterottophic and cosmopolitan in ~eir, distribu~ion, ~--~-, 'sa~rophytes: ~w o~ 
the PutreF....:-g hum··~1d ad ' aru·c matter · •parasites depen.d. on livuig plants or therr bark 
\J(ha_ l.)'Ul WS/ 1 e org ,,..... , . . . . . . . , 

l4Ue some . : l>, +i. . h,.i..;tats. 'Svmbionts' grow m assop1ation w1th other plants· 
&n.... .may occur m o'-4-'- . ~ "'""· J,...,. h h A,1. • ' 
- v.u.ie may be . _ · ·a1 both fythj (lp-i, pl)ytop t o,:a. ,.-1.ucor ar~ terresttjal while 
~hi . aquatic or terre,s1;n ~ .or ,.. . . . . . th ir habitats. 

'Zaodium, Allomyces, MolJQblephtJTis are aq~~c lll · '. e · . . , , , 
•369 . -



Optimwn growth of ~gi, particul~ly soil fungi, de~nds on the ass?ciation With one of four major substrates, soil, roots or htter and thus, fungi may be categonsed as mentioned 
below: 

1. Root-inhabiting fungi (Exochthonous) 
2. Soil (Including rhizosphere)-inhabiting fungi (Autochthonous) 
3. Litter-inhabiting fungi (Zymogenous) 

Two subgroups from the above 
(a) Plant parasites (root, stem, leaf, fungi, algae-infecting) 
(b) Obligate saprophytes (Cellulose, lignin, sugar, coprophilous) { 

This substrate classification necessitates a broadening of the concept of root-inhabiting fungi as those having an expanding parasitic phase in the living host plant and a declining saprophytic phase after its death (Stover, 1967). 

10.1.1 Definition of Growth in Fungi 
Growth may be defined as an irreversible increase in the volume of an organism, usually accompanied by an increase in biomass. Mycelial fungi exhibit extension growth of hyphae, accompanied by an increase in biomass (Figure 10.1 ). Unicellular fungi, like yeasts may exhibit an increase in individual cell volume, accompanied by an increase in biomass. But collectively, the number of yeast cells within a culture (i.e., cell concentration) may also increase, resulting in an increase in biomass of the culture as a whole. Fungi may be cultured on solid or in liquid media. Yeasts are often cultured in liquid media. Mycelial species may be cultured ,in liquid or on solid growth media. 

Figure 10.1 
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The duplication cycle of Basidiobo/us ranarum, a fungus that grows as hyp~es :eW complete, unperforated septa on agar plates. a-b: an apical cell extends, synthesis~IJS111ic protoplasm and continually draws the protoplasm forwards. c: when the protop efi volume attains a critical size the nucleus divides and a ·septum is formed. d-e: 'Jbe ~ apical cell grows on and repeats the process; the sub-apical •cell ,produces a bf80Ch, the protoplasm and nucleus migrate iilto this-, producing a second apical cell. 



10.1.5 Reproduction In Fungi 

Reproducedtio~ inbofunth gitypes· takesfpfunlace by vegetative, asexual or sexual means. Production of spores 

· obsefV ID O gal ~eprod ti th 
IS (T . . 2004

) S uc on, ough the genetic makeup of the spores is 

differeJlf ngiano, • pores are the most · 

help 
fungi in their dispersal by various m nnportanfr t structures. produced by fungi._ They 

eans apart om perfomung the role of restmg or 

donnant role ~dei: unfavourable conditions. A new fungal thallus can arise only after the 

successful gernunation of a spore under favourable conditions. 

1. Fungal spore 

1be term 'spore' i! d~ve1 from the ancient Greek word 'spora', meaning "seed, sowing" 

related to sporos, sowmg , and speirein, "to sow". Spores differ from seeds and gametes, 

although these terms are sometimes used indiscriminately. Spore and gametes together are called 

'gonites'. A spore is one that is capable of genninating and further developing into a sporeling 

but for a gamete, it is essential that it unites with another gamete in order to develop further. 

Seeds possess more stored food than spores and more Jia,dy, which ~ withstand extreme 

conditions better than spores. Spores are produced in an enormous quantity,, which enables 

them to increase the c~ce of survivial. Spores are reproductive cells that are dispersed by 

wind and they are capable of germinating and producing a new mycelium. · 

Factors influencing the typ.e of sporulation: Various factors include genotype•of the species 

{each species possesses its own genetic 'programme'), genotype of the mycelium ( ope~strain may 

behave differently to another), extent of somatic growth (a certain amount of gro)_Vth js often 

necessary before sporulation can occur), specific environmental conditions like ~mperature, 

light, specific nutrients, etc. I 

Major types of spores 

I. Sporangiospores: Spores produced by a sporangmm m many fungi such as 

Zygomycetes. 

2. Zygospores: Spores produced by a zygosporangium, characteristic of Zygomycetes. 

3. Ascopsores: Spores produced by an ascus, characteristic of Ascomycetes. 

4. Basidiospores: Spores produced by a basidium, characteristic of Basidiomycetes. 

5. Aeciospores: Spores produced by an aecium in some fungi such as. rusts or smuts. 

6. Urediospores: Spores produced by a uredium in some fungi such as rusts or smuts. 

7. Teliospores: Spor~s produced by a teliwn in some fungi such as rusts or sm,uts. 

8. Oospores: Spores produced by an oogonium, characteristic of Oomycetes. 

9. Carpospores: . Spores produc;ed by a carposporophyte, characteristic of red algae 

(Figure 10.8). 

JO. Tetraspores: These spores ~e produced by atetrasporophyte, characteristic of red 

algae. 

J J. Chlamydospores: These ar~ ~ck-walled resting spores of fungi, which are produced 

to swvive unfavow-able conditions. 



. ,. ~ Th y may be various types, viz., mternal spor , 
12. Parasitic fu~g~I spores: d e'extemal spores' ('environmental spores') /~' Which germinate within the host an ' e eased b 

the host in order to infest other hosts. y 

•J 

Figure 10.8 Carpospores. Figure 10.9 Aplanospores. 

13. Meiospores: These spores are produced by meiosis. They are thus haploid and 
give rise to a haploid daughter cell( s) or a haploid individual. Examples are the 
precursor cells of gametophytes of seed plants found in flowers (angiosperms) or 
cones (gymnosperms). 

14. Microspores: These are meiospores that give rise to a male gametophyte (pollen 
in seed plants). 

15. Megaspores (or macrospores): They are meiospores that give rise to a female 
gametophyte (an ovule in seed plants). 

16. Mitospores (or conidia, conidiospores): Spores produced by mitosis and are 
characteristic of Ascomycetes. Fungi in which only mitospores are found are called 
"mitosporic fungi" or "anamorphic fungi" and are previously classified under tbe 
tax.on Deuteromycota. 

17. Zoospores: They refer to motile spores that move by means of one or more 
flagella and can be found in some algae and fungi. Oomycetes and heterokont 
algae produce distinct biflagellated zoospores. The phyla Chytridiomycota (~gdom 
Fungi), Oomycota (Kingdom Chromista) and Hyphochytn'diomycota (within I(ingdom Chr . ) d ' 'b d above omista , pro uce zoospores with flagella in the same order as descn e . . 
( e.g., Hyphochytridiomycota produces anterior whiplash and none else) (Tngiano, 2004). 

18
· Aplanosp~res: These are immobile spores that may nevertheless potentially grow flagella (Figure 10.9). f 

19. Autospores: A t . . d 1op111ent 
0 

flagella. u ospores are 1mmobtle spores, which lack the eve 
. 

1 20. BaUostospores. Th . f the fu1lga fruiting body. Most bes~ ~pores are actively liberated from the body o ble exatPPJe 
is spores of Pilobolu:•diospores are ·also ballistospores and another nota 

j 



21. bodS1atismospoPufibres: allThese spores are not actively liberated from the fungal fruiting 

y, e.g., s. 

22 Monolete s_pores: In monolete spo"es th · · l · · · · 

• • • 
A.' , ere is a smg e lme on the spore mdicating 

the was on which the mother spore was split m· to .&'. 1 rtt' 1 · 
• . .1our a ong ave ca was. 

23. Trilete s~res: In trilete spores, all four spores share a common origin and are in 

contact with reach other: so when they separate, each spore shows three lines radiating 

from a centre p~le. Tn!ete spores, formed by the dissociation of a spore tetrad, are 

taken as the earliest evidence of life on land. 

24. Vascular plant sp_ores: They are always haploid. Vascular plants are either 

'homosporous (or isosporous)' or 'heterosporous'. Plants that are homosporous 

produce spores of the same size and type Heterosporous plants, such as spike mosses, 

quillworts and some aquatic fems produce spores of two different sizes: the larger 

spore in effect functioning as a 'female'· spore and the smaller functioning as a 'male'. 

II. Some definitions 

1. ~ono~cyotic hyp .. at:-: 'JJlo~e hyphae in w:hich each cell in the hypha.e has one 

nucleus. · · · 

2. Dikaryoµc hyphae: Each cell in the hyphae has two nuclei and e~bit some 

, r~semblance.· tp dip'ioid ~ells ·because g~pes ,from both nuclei may be .~xp~ess~d. 

3. Multinucleate hyphae: Such hyphae when septa are inc'omplete or lacking, 
" ' . .. ' ' . ' . ~ 

numerous nuclei are present within one pl~ma compartment. . · 

I ,- ~) -.,., ( ~ 1 ,l , 
4 

~ \ 

4. Homokaryotic: It is a co~~!ion where aU ~mcle~ are genetically identical. 

5. Heterokaryotic: Hyphae c~nt.a!n genetically, different nuclei from two different 

individuals. J. 

111. Life cycle of fungi 
I 1 

In general, the life cycle involves the fusion of 4YPhae, from two . indiv,iduals, fanning a 

mycelium that contains haploid nuclei of both individuals (Fi~~s 10.10 ~ and b ) .. The fusion 

?f hyPhae is called 'plasmogamy'. The fused hyphae contai~_g haploid nuclei from two 

mdividuals is referred to as heterokaryotic. In some cases, plasmogamy results in cells with one 

nucleus from each individual and this condition is called 'dikaryotic'. Eventually, two nuclei 

that originated from different individuals fuse to form a diploid zygote; meiosis then produces 

either four haploid nuclei or four haploid cells. 

0 
( 

0 ___. 0 
0 t .. 

o · 

Haploid 
Heterokaryotic Diploid t 

(N) 
(N + N) (2N) 

(a) 



Zygote~ 
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(2N) 

__.;..----i]- _____ - f-M-e-io-si-,s I-----
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\ / / Haploid 

,ti6'., ~" Spores (NJ 
Heterokaryotic rJf + . ./ 

(N + N) ~ ~ Hyphae""" 

q~ -( ) 

Spores 

(b) 

Figures l0.l0 (a) and (b) General life cycle of fungi. 

IV. Groups of fungi and their modes of reproduction 

Four major phylogenetic groups among fungi show distinct patterns and structures of sexual 

reproduction. 

(a) Chytrids {Chytridiomycota): Chytrids comprise aquatic fungi with flagellated 

zoospores and are parasites on amphibian skins. They exhibit diploid/haploid 

( sporophyte/gametophyte) life cycle. 

(b) Zygomycetes {Zygomycota): They refer to small group of filamentous fungi that lack 

septa in hyphae and include important groups like bread moulds and plant mycorrhizae. 

( c) Basidiomycetes: This category includes common mushrooms, puffballs and rusts (these 

are plant pathogens).The reproductive part, basidiocarp is dikaryotic, heterokaryotic 

myce~ium. Hyp~ are provided with elaborate pores and their s~cant character is 

the hi~ ~te of dispersal, e.g., one basidocarp can produce 40 million spores per hour 

and bas1diospores are released from apical end of the basidium (Trigiano, 2004). 

(d) Ascomycetes: These spores includes nearly 75% of all known fungi, e.g., unicell~lar 

~oulds, yeasts, _morels, truffles and Penici//ium. Its visible part is- the ascus, which 

: the reproductive structure while conidia are the asexual spores that are "cut- off" 

M:~e ~o~ ~~;- A p~rforated s~pta is present and plasma flows through hyph_ae. 
OCC:UI'S both ' ' 11 species of fungi have been identified. In this group. reproduction 

sexua Y and asexually Ith gh th ' fr Ill 
one phylum to another to s h ' a ou e mode of reproduction may vary 0 

the type of spore produced :d : etypxtent that these fungi can be classified based on 
e e of sexual reproduction they exhibit. 

10.1.6 Vegetative Reproduction in Fungi 

It is the type of reproduction which invol th . 
by the following methods (Figure I 0.11 )~es e somatic portion of the fungal thallus. It occurs 
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Figure 10.11 Modes of vegetative reproduction in fungi. 

{A-.D: Budding; E-H: Fission; I-J: Rhizomorphs; K-L: Sclerotia) 

I. Fragmentation: As the name itself indicates, this type involves the. formation of 

· similar fragments either two or more, due to the breaking of the mycelium. This 

breaking may occur due to the external force or by accident. Later, new mycelium 

arises by each fragment, e.gr, Aspergillus. 

2. Budding: It is a common phenomenon found in unicellular organisms including 

yeasts. It occurs by the emergence of one or few 'buds' or projections from the parent 

cell. These buds later develoJ') all the required structures and get detached from the 

parent cell and start. living as new individuals, e.g., yeast. 

3 • Fission: Due to the splitting of the parent cell, two equal halves arise, which later 

develop into new individuals. Yeasts multiply by this method. 

4. Sclerotia: These are the specialised resting/dormant structures produced by some 

fungi. Under unfavourable conditions, the hyphae become interwoven and develop into 

a spherical, closed structure with a hard outer layer. After the return of the favourable 

conditions, these structures germinate to develop into fresh hyphae. Sclerotial bodies 

look like mustard or ragi (finger millet) grains, e.g., Claviceps purpurea. 

5. Rhbomorph: Rbizomorph refers to the mass of interwoven hyphae that_ looks like 

a 'rope', mostly found in higher fungi. Just like sclerotia, Rhizomorphs develop into 

fresh mycelia under favourable conditions, e.g., Armillaria me/lea. 



Re . roduction in Fungi 
10.1. 7 Asexual P . occur by the fonnation within a zoosporan . . . the true fungi may b f g1\1Jn Asexual reproduction m th . 9'ielease swim away y means o anteriorly 1 of hich upon err I. 

. • ' atera11 naked cells, zoospores, w . th ne or two in number depending upon the 
O 

d Y, or posteriorly attached flagella, ~:r ;oduction of zoospores is confined to some or~ er of fungi concerned (Bessey, 1971)- Je down and encyst and the encysted cell beco ers of the Phycomyceteae. The zoospores set fungi including Phycomyceteae and all of th~ the 
be~ing o! the new thallu~u::o~es pl~ce, no motile spores are produced but th: gher fungi m _which ~exual rlleprod e distributed by air currents, water, insects, etc. These ;°res are provided with a wa an ~ . 

J)Ores may be of different types of ongm. · Aft th In Mucoraceae they are produced internally in a sporang1um. er e rup~~ or dissolution 
fr d distributed by air or water currents. In such conditions spores of walls, they are set ee an d , 1 , ' are termed 'aplanospores', whereas the motile naked spores are tenn~ p anospores . Conidia arise • 

1 bl cells of the mycelium, either by fragmentation of the whole mycelium as sing e separa e . ( 'd' 1 d f •d· or of special hyphae into cylindrical, ovoid or sphencal cel~s 01 1a mo e o _c~nt mm formation) or by the cutting_ off tenninal or lateral cells from special hyphae or con1d1ophores (Trigiano, 
2004). 

In several genera, the conidia are pushed out one by one from the neck of a flask-like ce~ known as 'phialid'. The conidia may be coloured or hyaline and may remain one celled or by formation of transverse or longitudinal septa or remain two celled to many celled. They may be released singly or remain attached in a chain. In few cases, instead of producing conidia, a tangled mass of hyphae may fonn a rounded ball as in the genus Papulospora. In asexual reproduction, the fungal hyphae cut off minute spores, the origin. and structure of which varies to a greater extent and each type has been designated a different name/term (Singh, 1983). Asexual reproduction is the type of reproduction in which special reproductive structures called 'spores or propagates' are fonned. The fungal spores always result from mitosis and hence are described as 'mitospores'. 

Types of.spores produced in different groups of fungi 
(i) Zoospores: They are motile with the help of flagella. They are produced within 'zoosporangia'. In aquatic forms, the sporangia liberate naked protoplasmic bodies, called the 'swarm spores' or 'zoospores' which possess delicate, vibratile or undulating fil~e_n~, or ~ead-like extensions, known as the 'flagella' (singular, flagellum) or tbe ciha · With the llelp of flagella they can swim about in the surrounding water . . film, Su~h spores are produced in lower fungi such as Achy/a and Saprolegnia. 

(u) Sporan~ospores: These are non-motile spores produced inside structures . called 'sporangia' in fungi such as Rhizopus and Mucor These spores are dispersed by wind, Lower funcn (like Ph ) · · · · ftbe h hol . c,& ycomycetes possess aseptate byphae and due to swelhng 0 
YP~ ~p or ~y 0ther part of the hypha, special sac known as 'sporangium' (plural, 

hi
si:'°ran~a) which may be ~pherical/ovoid/tubular are produced (Figure 10.12). In the gher 1onns of the Phy . ' es or 11 

d . comycetes, the sporang1a release walled, motile zoospor · wa e , non-mottle spores, known as 'sporangiospores'. Sometimes, depending upon 



the environmental conditions th . 

· ' e 8POranguun · 

act as an independent l'eJ>roductive . ' mstead of releasing spores may itself 

· directI urut and ma fun . , 

germmate · y _by Producing a g 1.._ Y ction as a conidium, viz. it may 

. Ii . - erm. tu~ F . . , 

multip cation by zoospores whereas dry · · . ?r m&tan~, moist conditions favour 

of the sporangium. In the Ascomy tes co
nrlitio~ may favour direct germination 

are formed in speci¥;11 structures kn ce and. Fungi lmperfecti, the asexual spores 

sporodochia', whose detail • own by different terms, 'pycnidia, acervuli and 

s are gtven under 'fruiting bodies'. ,,,. 
·.- I 

1 • Sporangium 

. . 
00Spc)l1 

. 
Zoosporangium 

Sporangiophore 
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' ' 

Dehisced 

sporangium 

• (a) Zoospores (b) Sporangiospores 1 · 

I 

. r. • 

Hyphae 

( c) Chlamydospores (d) Conidiospores 

Figutes 10.12 a-d · Production of different types of spores. 

I 

' 

(iii) Chlamydospores: These are specialised dormant or resting spores developed form 

hyPhal cells, with stored reserve food. These sporQs can withstand unfavourable climatic 

conditions. Seve~l fungi produce specialised spores, known as chlamydospores, which 

can survive unfavourable conditions like extreme heat, cold, etc. (Figure 10.13). These 

spores are terminal or intercalary cells of a hypha ( or even single cells in a conidium 

tnade up of-a row of cells) which enlarg, and round up, store supplies of food and form 

a thick wall. They are form~ by the direct transformation ofrce~in cells of a hypha or 

sometimes of cells of a multicelh.dar spore, without the produ9tion Qf specialised spore 

bearing branches. They may live for long period, years, until favourable conditions 

return. 



lntercalary 
chlamydospore 

Thickened, 
pigmented wall 

flaure 11.13 Chlamydospore. 

(iv) Coaldia (singular conldium): These are non-mo?le spores pr~duced/cut-off or pinched-off as distinc~ bodies from ~e en~ ?f special ~pore-beanng. ~~hae called 'conictiophores'. They are produced m fungi lik~ Aspe~l/us ~d Pe~1c11/1um, where they are borne at the tip of the conidiophores either smgly or m chams. 
(v) Oldia (sinplar oidlum): Due to the fragmentation of hyphal cells, these spore like structures are developed in fungi Rhizopus. These are the spores whose shapes and the structuRS of the hyphae producing them are almost the same or without any difference. All these types of spores may not be enclosed in any sac/fruit. In several fungal forms, however, the asexual spores are produced in spore mother sac or in various types of fruiting bodies or arranged in groups in several types of stroma. In general, asexual reproductio1:1 is occurs more frequently when compared to sexual reproduction (Trigiano, 2004). - -

(vi) ~res: They are formed by septation and fragmentation of an existing hypha rigure ! 0: 14). Elements of ~e hypha, including all wall layers, become converted mto oom~. Each fragment ts ~unded-otf and liberated in succession. Separation of the comdia from one another ts due to breakdown i>f the middle region of each septum (Heitman, 200S). 

Septation Fragmentation 

Flaare 10.1, Artbro .S))Ores. 

(vii) Blutic coaidla: They develop by a budding or sw u · . . spoces or in succession to form a chain of spores. e mg Process, may be as smgle 
(viit) ......,....: These are formed by budding of ah 

layers are involved. The spore may remain a~hed yPha or yeast cell. Both wall giving me to a branched chain of spores (FigW'e lO.IS~d bud further blastosPo1CS 



------~ ::::.:.-:.;,--o-_ --_ -_ -_ --=> o 

~-Cham of spores 

Figure 10.15 Blastospores. 
1 

(ix) Porospores: 1:'he developing spore emerges through a distinct 'pore' in the hyphal 

w~l. Only the mner layer of hyphal wall plays a role in the development of spore 

(Figure 10. ~ 6). The n~w spore thC1:} develops its own new inner wall layer. The outer 

spore wall 18 often thickened and pigmented. A scar is usually obvious at the point 

of detachment from the hypha ( conidiophore ). 

~o 
Scar at point 

of detachment 

Figure 10.16 Porospores. 

(x) Aleuriospores: They develop as sjngle, terminal spores. Conidiophore apex inflates 

and becomes separated by a septum at an early stage in spore development (Figure 

10.17). Both wall layers are involved in spore formation. The spore possesses a 

wide, truncate scar. Normally no further development of spores occurs at the point 

of detachment. So, the next spore usually has to develop by production of a branch 

below the scar on the conidiophore. 

Wide truncate scar 

_I_) 

Figure 10.17 Aleuriospores. 

(xi) Annellospores: In some species that form conidia in a manner similar to that 

described for aleuriospores (Figure 10.18) a new growing point does develo~ at the 

scar. A chain of spores may develop. The conidiophore gets a little lon~er wttb ~h 

&pore produced. Annellations (ring-like scars) are observed around this elongating 

Portion. Each annellation represents the production of one annellosporc. 

0 

Rn 
B 
n 'Annellations 

( ring-like scars) 

Figure 10.18 Annellospores. 



(xii) Phialospores: These spores ar~ fo~ed in succ:ssi~n: E~h ~pore is pushed up frorn 

the tip of the conidiophore, which 1s termed a phiabde_ (~tgure 10.19). The spore 

wall is new and distinct from both wall layers of the phiahd~. The first spore has 
cap, which represents the tip of the phialide wall through_ ~hich the spore emerged~ 

all other spores in the chain are smoothly rounded. The ab1bty to reproduce asexuau 

is common to almost all fungi (Trigiano et al. 2004). Y 

Conldlal chain 

l 

Conidiogenous 
cell 

(phialide) 

:rrr 

, J 

1 • 

Conidiophore . . . 
~ It 

Foot cell 

Figure 10.19 Phialide with phialospores. 

Bud fol1flatlon in yeasts 
. . 

In its simplest form asexual reproduction occurs by means of budding or binary fissi?n. 

The onset of the ·cellular events and the.;nuclear .events of.mitosis. are usually accompaDled 

(Figt]fC 1.0.20). The develop~eot of a_ ring of chitin around the point' where $e bud is about 

to appear indicates· the starting of various events of buddingJ This leads to the reinforcement · 

and stabilization of the cell wall. Weakening of the cell wall and its extrusion normally takes 1 

place by activities of enzymes and turgor pressure, during which incorporation of material 0: 

new cell wall takes place. The progen~ ~ell receives the cell contents by a force. Once the bu 

gets separated from th~ parent, a sc~ 18 ~e~. Suppose, if the cells are not completely separated, 
a structure known as pseudo-mycehum 1s formed. 



0 

Ring of chitin synthesized around New bud forced out from 

area where bud will extrude. plasticised cell wall. 

FiP,re 10.20 · Budding in yeasts. 

fragmentation 

'{bis process in~ol~~ cutting-o~ of fra~~~ts/pieces of myc~lium into separate bits, which later 

can behave as mdivtdual mycehum. This. lS -~ommon1y seen in many fungi. Each fragment is 

provided ~th growth ~ne, thus it ~~ dev~lop into a fresh colony. This technique has been 

employed ID sub cul~g of several fungal P.athog~ns. It is important to note that normally, 

cut bits do not regenerate, however, from the 8~t po~t, there will be development of branches. 

Sporulation 

Sporulation or spore fomtaiioJ ., cdn'siitutes I an' 1ntegra1 ◄ 'part in\ the life cycle of fungi, in 

particular, asexuaJ r~rod1;1~~8~-.s>~o~tjn1:1ous produ~~o~ of sp?re$ ~' fun~ }~ po~i9ile by this 

process. Not all phases can lead .to th~ sore production ,n fungi. MaJ9r l)h~es of hfe cycle th<;tt 

I~_to spo~r tioµ ~re lmitosp?~c ~ d ~am~~~~ _i>#4s~s. ~itosp,qtjc', p~~ ·~. ts'. of,RtX~no~~ 

signifi~ce in ~W, s~pe,. s~~e ~peci~s ?,l~Y ~xlp~_~t ~~re than o~~ mi!ospo~c s.tate, w~~ 

there will be a r~se~?!W1FF ~ the ~ ~~osp~~p.sta~e ,of ~<µstmc~ ,fung~ ~s~c1es. ~e se~ua~ Sta$~ 

~fa fungus is knoTI ~ 'the teleo~ ~ll?r,. yan~us :f~ctors i1~e le~els, ,of_ nutp~nts, CO2 and 

light influence the asexual 'reproduction in some furig1. Other fungt have mtemal time clocks 

and sporuJate anyway in a preset part of th~. ~~al ,¥(e cycle ~esigq~d to spr~a~ ~d ~aximize 

coloniz.ation during one 
1 
s~asqn. , ·' · . " . . , , 

. In Cbytridioµiyc'ete 'grb{ip, mem~er~ ~e q~fe_ <Y~t~pt from ~pt~t ~~i' qu~ ~o the e~trell}ely 

S1Jnple thalli an<t motiie ZOO~P,Ot~S. 'specirs Wf~~ ~s group ~~ J CIY,.~~ple Im structure an4 

lllay only consisf of~ s~gld cell, ~efhaps ~i~ rhizo1d~ t_q anchor t" (?11 ~ ~ a s~~strat~. Asexual 

reproduction in the chytrids is by w~ :produ~tl~J;l of ~oti~e ZO~?R?res, w1_t4 a, ~l~~te, posterior 

flagel111rn m· sp . · In a bolocarpic chytr,d, the entrre thal1~ ~qns1sts ~f ,only one cell 

. -u, orangia, . 1 
f; h' Th ,, , 1 

~th rhizoids. These are usually parasitic on 
1
aqµatif P. ~ts Ofnt;

8. • . e_ fungus 'feeds' from 

1ts substrate • •ts biz 'd The entire cell bop.t~nts will con~eft to mottle zoospores. 

vta 1 r 01 s. . , , L • 1 1 1 

The mycelia in Zygomycetes . ~Qµp ar,e _asep~ te. ~g-9 1.~~~ ts . of ,e?al hyPhae ~ ~ 

Pro<Iucect dunn· th . . 'ti' g·u·on of spore fonnat1pn. Tp~ .~ucle1 9f pie aenal hyphae, especiallv 

g e l,1l.1 ~ . •< • • d · hi h · l1 , , , , of' 

aerial hYPhae uh. ')ed to renP~ted IJ11tosis, ~ g w , c , ,eap nucleus 2et~ senarated 

are s ~ec-i. ,rq·-'*' ·1 a! · 1 • " '°" -c r-; 

frotn th.e other. i...) a. P.lasroa mem~~e. This p~oces~¥ so 1:1~? Vf S ~ fqrm~?qn 9,f ~9p_tous 

vesicles ~ thv,G 1 '· 1-.... A1·es which move around me nuc1eus. A structure cp.lled columena 

uom e o gt UtJU ' • (F' 1 \ ~ · :4e 

Which is a ed' ·ss wall, pulg~ to fonn a sporangnun . igure 0.21). ihe cleavage of 

curv c.rp_ , .: • 



tak l leading to the formation of spore walls, usually by th ~ 
the cytoplasm also es P ace, 1 

e · 
of Golgi bodies that contain the monomers of the cell_ wall, se,vera . e~es along With 

b Thi entir. e process leads to the formation of a sporang1um (Hejtn-. .. _ 
200

1he 
spore mem rane. s W&JG.ll, S) 
Each large sporangium may contain up to 1,00,000 spores. • 

Sporangial wall 

Figure 10.21 Formation of a sporangium. 

As these events occur, the forming sporangium absorbs sufficient quantities of water. The 

developing columella is subjected to turgor pressure. The Golgi produces membrane bound 
I , 

vesicles filled with spore wall building materials, as nuclei undergo repeated mitosis. The ~size 

of sporangia may vary from small to large. Normally smaller ones are known as sporangiola 

or merosporangia'. Several sporangia may be in the shape of conidia that may produce s~gle 

spore. They can be differentiated from the conidia of higher fungi just by the presence of a 

double spore wall. 

The formation of aerial mycelium and the differentiation of the hyphal tip are the major 

factors which decide the spore formation in Ascomycetes and Deuteromycetes depen<ts upo~

In contrast to Zygomycete~, in these groups of fungi, budding -like process is obse~ed as :C 

the yeasts. Such a process 1s known as a 'blastic' process. It mainly comprises blowtng out 

the hyphal tip wall. These blastic process are involved in all 

wall layers or sometimes, a new cell wall which is extruded 

from within the old wall also may be involved. 

In several fungal groups, the only method of reproduction 

is the asexual type. The hypha that i~ responsible to produce 

the tips bearing spores/conidia may, sometimes be similar 

to the normal hyphal tjp. If they differ, there will be a 

production of a structure ,.Jmowp. as 'phialide', which is 

a bottle-shaped cell, The sP?r.:s are produced from this 

structure (Figure 10.22). ➔ 
1 

, ·'---Phialide . .. 
atJOi>• 

Figure 10.22 Phialide foJ1J1 



~ 
~flOn In the Ascomycete fungi 

~ jiJllg81 asexual structures, in general, may either be single or grouped. For example 
VSl1°~iures are single in the Moniliales, the only exception being 'coremia or synnema', 
~ are aggregations. Coretnia form special structures including com-stooks, which comprises 
~ch conidia and these conidia produced in a mass from the aggregated conidiophores. 
several_. in Ascomycetes and Deuteromycetes, their structures are produced within plant J-10WeV1,,•, be ith· • 

. . which may e er parasite or saprop~ytes. These fungi produce several complex ::i sporu1ating structures and it might be due to the effect of various cultural conditions 
of host tissue. ~~th a complex structure are termed 'the sporodochium', ~hich is_ nothing but a 
cushion of comdiophores created from a pseudo-parenchymatous stroma m host tissue. Another 
strUCture, 'pycnidium' is usually a flask-shaped parenchymatous s1ructure with conidiophores 
on inner wall. Another type, 'acervulus' is a flat-shaped bed of conidiophores normally found 
under cuticle of a plant and for dispersal, it erupts through the cuticle. 

Types of_ conldlophore formation 

(i) Simple, uitbranched conidiophores: Some sp«t~ies form conidia on single, 
unbranched hyphae (conidiophores) (Figure 10.23), e.g., Geotrichum candidum 

I • 
Chain of conidia 
( arthrospores) 

.,H Cf . 

• rt l · Figure 10~23 Unbranched conidiophore. 

(ii) Branched. f ODidiopbores: Several branches o( conipiophores bear clusters of 
conidia at th(!ir pps (Figure 10.24), e.g., Trichoderma viride 

t • 

Braoching -__.:~~ 
,, . coni,diophores 

Figure 10.U Branched conidiophores. 

(iii) Coremium{a): It is an asexual fruiting bo?>: consisting of ~lust~r of erect intertwined 
hYPhae bearing conidia· at their apices. Comd1ophores ~ &ggfega~ ~ogether to form 
a vertical stalk-like coiennum..At the top of the core~llIJ,l. the comcliophores branch 
and conidia develop, -at the tips of_ the branches (He1tm.~ 2005), e.g, Penicilliu,n 
claviforme. · · 



(iv) Pycnidium(a): A pycnidium_ is an asexual fruting body produced by lllit 

fungi in the order Sphaerops1dales (D~ut~romycota,_ C?elomycetes). It is i spOrit 

flask shaped or inversely pearshaped/obpynform ~d its internal t.avity is line:~ a 

conidiophore developing from cells of ~e pycm<lial_ ';all. When ripe, an 
O 

~1t 

generally appears at the top, through which the pycn1d1ospores escape, e.g., t:nin
0 

g 

• 
'11a 

species. 

(v) Acervulus(i): An acervulus i~ _a small as_exual ~1fun·ting _bofdyhthat erupts through th. 

epidermis of host plants paras1ttzed by ~tosponc gt O t e order Melanconial 

(Deuteromycota, Coelomycetes ). It has the form of a small cushion at the b es 
. . ""' d Th . otto111 

of which short crowded comdiophores are J.Omle _e . spores escape through an 

opening at the top. It is a flat, open pad of sho~ comdiophores growing side-b _ 

side. The conidiophores develop from the underlymg mass of somatic hYPhae e Y 
' .g. 

Colletotrichum species. 
' 

(vi) Sporodochium(a): A sporodochium is a small, compact stroma (mass of 

hyphae) usually formed on host plants parasitized by mitosporic fungi of the order 

Tuberculariales (Deuteromycota, Coelomycetes ). This stroma bears the conidiophores 

on which the asexual "spores or conidia are formed. It is a cushion-shaped mass of 

short conidiophores, e.g., Epicdccum species. 

10.1.8 Sexual Reproduction in Fungi 

Fungi reproduction by sexual method ,is very complex. Although, the basic phenomenon for 

fusion of male and female gametes remains the same, differences are observed amongst various 

' 
types of fungi. As a part of the initiation phase in sexual reproduction cycle, compatible 

haploid hyphae come together. After that, the male and female ·cells unite together, resulting 

in the formation of fertile diploid cells called spores. The spores are then released into the 

environment (Heitman, 2005). 

Except the artificial class, Fungi lmperfecti which was established to include those fungi 

in which sexual reproduction has not been discovered/known, in all other fungal groups sexual

reproduction is known to occur (Bessey, 1971 ). The simplest type of sexual reproductioa 

involves the union of two cells of equal size and to all appearances alike in all characteri~ 

These two gametes ~Y both be non-motile, 'aplanogametes' or motile, 'planogametes', as m 

the yeasts and Chytnd1ales, respectively. The zygote formed by their union may become a new 

one-ce_lled_ plant or may ~r?<1uce mycel~u~ of several kinds. The gametes are more often oot 

equal 10 size and the motility may be lun1ted only to the smaller one and later, designated ~ 

the male gamete or sperm. Both the gametes may lack flagella and the fertilization in s~cb 

cases, is brought about ~Y. the union _of the cells by dissolution of a part of the interve~ 

walls; the male nucleus 1s Introduced mto the female gamete or egg through a tube extendiDB 

into the latter. -

. 
1. Oospore aqd Zygospore 

If the--zygote is the product of the union of clearly dissimilar gam te . ~ . . de.fimite zygote 
. . . . e s .ionmng a . 

cell that often serves as restmg spore, tt 1s tenned 'oospore, H h imilar restll18 

spo
re results from the union of similar gametes it is known. ~wever, w en a s 

as zygospore·' . . 



In fungi under Ustilaginaceae, clearly distin · h 
roduced; instead of produc · d . gws able male and female organs of reproduction 

are P _mg efinite gametes, any cell of one mycelium may unite 

with any cell of anotber compatible mycelium, so that no definite part of the fungus can be 

. ~-•ic:!hed as a male or female ~eproducti: Th · 
~~u- . . , , . , . ve ~art. e gametes may develop mto a new plant 

with<>Ut the umon by_ partheno~enesis , which ts commonly seen in some of the simplest fungi 

up to man~ of the high~ fungi. . 

Sometim.es a ~egetati~e c_ell may be substituted for the normal male gainetangium ( antherid); 

the nucleus of this. substitu~ng. cell functioning in place of· a normal sperm nucleus, hence, 

with parth~no~en~is occumng m many fungi and substitution of vegetative cells for gametes 

in others,_ it ~s difficult to _follow the evolutionary sequence of the develop1;11ent of sexual 

reproduction m these . organisms (Bessey, 1971 ). The union of th<; -sexual nuclei Jeads to the 

production of a 'diploid nucelqs'; in few fungi does .this nucleus multiply in the diploid state 

(as in yeasts). Normally ,its first divisions are meiotic; ·hence, throughout the .. fungal -life history, 

the nuclei are always 'haploid' except immediately after the union of the gamete nuclei. 

In Ascomycetaceae and Basidiomycet:aceae, a .contrast of mycelirumay lie10bserved that are 

diploid in nature and haploid. in nature although all, the nuclei are haploid, wlµch ate respectively 

the ~dikaryon' and. 'monokaryonJ, phases..;of mycelia. , Both the nuclei of separate sexual origin, 

if, are presqt\ in a cell '.withiu one nuclear membrane ('diploid nucleus.?)-2or each in its own 

separate membrane ('two haploid nucler 1in 1the dell), the.effect on.the ,cytoplasm is practically 

the same, so that a dikaryon cell is to all intents and ptgposes a diploid cell. The 'diploidization' 
' ... 

of a monokaryon mycelium by the introduction .. of-a compatible haploid nucleus that multiplies 

and spreads from cell to· cell, this term is essentially precise although the nuclei, now in pairs 

in each cell, are stilt haploid (l3uller, 1-930). In the simplest fungi, the whole plant, consisting 

of but one cell, becomes 'the ~rep_roductive7.Jllit-th~t produces· the ~asexual or sexual cells. In the 

fungi of greater complexity, the, vegetative and reproductive parts of the organism are more and 

more segregated; in1 several ~gi, the process of sexual ,reproduction is •increasingly complex 

leading to the formation of, not a single ~g_ote, but a very complex structure, 'the spore fruit/ 

fruiting body' several of whose cells become the\ultimate repdroductive spores; the vegetative 

mycelium is subterranean (the puffballs, Calvatia gigantea). 

II. Oogamy and /sogamy 
• ' i 

The process of spore formation may involve the union of two separate and distinct gametes 

contained in cells called 'gametangia' representing .male ~d fema\e qoniponeJ¼ts, 'Oog~y' 

~efers to the reproduction by the union be~een mo1:Pho~og_ically _distinc~ game_tes. 'Isog~y' 

18 the reproduction by the union be~een tw? equal- and surular gametangia ( as m most higher 

forms of fungi). In oogamous types, the union b~een the. tnale and_ femal~ structures leads 

to the development of a simple spore . or a comphcated fnut, ~g., oospore to Phycomycetes 

an~ Various types of spore fruits in Ascomycetes, viz., cleistothecia, perithecia and apothecia 

(dlScussed in detail under 'fruit bodies'). ' 

. In the isogamous types, the union between two similar motile or non .. motile gametes results 

~ the fotmation of "zygospore or zygote'. Fusion of 'two hyphae leads to the formation of a 

2YgOSporangium,, a thick-wallecl structure that is capable· of surviving envii'o'nmehtfil extremes. 

Before karyogamy, the zygosporangium contains many haploid nuclei. After karyogatny, itt 



conlaim many diploid nuclei. Asexual reproduction involves mycel~a pr~ucing sporangia tba 
produce haploid spores by mitosis. The spores produce new myc~lia (Figure 10.25). t 

When environmental conditions deteriorate, sexual reproduction may occur. HYPhae fr 

opposi1c mating types produce structures that contain several haploid nuclei. Fusion of tw oin 
. h kary . o of these structures from opposite mating types results m a etero otic zygosporangium. A thi k 

walled develops that protects the zygospore _until environmental condi~o~ become favouraile~ 
When conditions are favourable, nuclear fusion ~ogamy) occurs wt~ the zygosporangiUln 
producing diploid nuclei. This. is followed by me1os1s. The zygosporangnun then germinates to 
produce a sporangium which releases haploid ,spores, e.g., Rhizopus. 

The participating structures are normally designated as 'positive (+)' and 'negative (-)' 
gametes as there·is no moiphological differences between ·two gametangial or gametes. It is 
important to note that the union can take place only between a positive and a negative gamete 
but not between two positive or two1 negative gametes. 'Heterothallic species' means wh~ 
the positive and negative gametes are borne on different thalli and the phenomenon of sexual 
reproduction in such instances is known as 'heterothallism'·(Trigiano et al. 2004). 

'Hom.othallic species' refers to those species where the sexual gametes are home on 
the same thallus and the phenomenon of sexual reproduction in such cases is known as 
'homodwlism'. lsogamous type· and heterothallism are common in most of the Zygomycetes, 
most of the high.er Ascomycetes and. all. the Basidiomycetes. 

, . , 

_ , /Z¥g~sporangi~m . • . ' • . • . . _ 
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Figure 10.25 Reproduction in Zygomycota. 
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10.1.12 Major Methods of Sexual Reproduction in Fungi 

~ertilization in fungi can be brought about in varied ways. The most .common methods mclude planogametic copulation, gametangial copulation, gametangial contact, spermatization, somatogamy, homothallism and heterothallism. Compatible nuclei are ~ted by one of the following four methods, depending upon the group and species of fungus. 

I. Plasmogamy/Cytogamy 

This involves the union of two protoplasts, bringing the two haploid nuclei closer together in the same cell (Chauhan 1971). In primitive Phycomycetes, for instance, Uniflagellatae, the phenomena of plasmo~amy and karyogamy take place simultaneously while in higher Phycomycetes, as in Pythium, plasmOgamy follows the k~ogamy. In Asc~mycetes and Basidiomycetes the two fusing nuclei lie as a pair (without fusion) ~o~ a long time ~d these undergo • 
1 

di · 
1
·ons Such a pair of sexual nuclei 1s termed as dikaryon. successive nuc ear vis • 

Piasmogamy may be brought about by any of the following ways: . 
'1 ametes called 'planogametes, undergo fusion. 1. Planogametic Copulation: Th: mott e g h 

1 
gi· cally similar the fusion process is Wh b mottle and morp O O 

' th en oth the gametes are h tri m O/pidium, Catenaria. When bo called 'isogamy' (Figure 10:35), _e.g.,e~:~ th: fusion process is c-alled 'anisogamy', the gametes are motile but differ m th ' 
e.g., Allomyces and Monoblepharella. 



al 
. ller and motile and the other (female) gamete is Wh amete (m e) 1s sma , en one g . th lting fusion process is called heterogamy/oogamy' larger and non-motile, e resu 

' 
e.g., Allomyces. 

Planogametic copulation 

Egg 

· lsogamy Anisogamy Oogamy 

Figure 10.35 Planogametic copulation. 

2. Gametangial copulation: This method is confined to the Ascomycota. Two similar 
gametangia come into contact with one another and fuse. There is no prolonged 
dikaryotic phase in this instance, since nuclear fusion occurs immediately after 
fusion of the gametangia. In the example illustrated, two yeast cells of different but compatible mating types behave like gametangia and· fuse, resulting in a diploid 
zygote, which is transformed directly into an ascus containing _ eight ascospores (Figure 10.36). 

3. Gametangial contact: This method is also confined to the Ascomycota. In this case 
morphologically distinct gametangia are formed called antheridia (male) and ascogonia 
(female) (Figure 10.37). The trichogyne (receptive neck of the ascogonium) receives the male nuclei from the antheridium, e.g., Mu~or and Pythium. 

r--- ---- Male 
gametangium 

·•+---Female 

gametangium 

+- Host cell 
! 

Figure 10.36 Gametangial copulation. 

Upon pas·sing along the trich · t h · · · ·th &. 
1 . · ogyne m O t e ascogomwn each male nucleus pairs wi a 1ema e nucleus m the a · b -. -h h _ scogom~, ut the pairs of nuclei dQn 't fuse. Ascogenous · YP ~ ~Qltherges . from the ascogonium and the nuclei still in their compatible pairS, Pass mto ese h h h" h ' · . YP _ae, w ic are now dikaryotic. The ascogenous hyphae are destined to develop into asc1. · 
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Figure 10.37 Gametangial contact. 

4. Spermatogamy/Sperma~ation: This type occurs in some spe.ci_es in both the 

Ascomycota ·and Basidiomycota (F jgure 10.38). Uninucleatc spore-like structqres 

(known as spen,natia in the Ascomycqta and oi~ia in the Basi9iomyq_ota) are carried 

by air currents, water _or insects to the sides of somatic receptivt} hyphae. A pore 

develops at the point of contacJ .between the hypha and the 'spore'. 

Spermatium, 
conidium ___.. 

or -oidium , • 

Receptive hypha 

/ 

Figure 10.38 Spermatization. 

The contents f the , spore, (including its nucleus) ·pass into the hyphal compartment, which 

as a result b 
O 

dikaryotic. Some conidia have the potential to behave like spermatia, buf 
ecomes d bl f . . 

unlike true spermatia, conidia are asexual spores an capa e o gennmating to produce gcrm-

tuhes, e.g., Pyronem and Pleurage. · 

II. Somatogamy 

This occurs in both the Ascomycota, and Basidiomycota. The fusion of somatic hyphae of 

tw~ compatible mycelia results in ~ dikary?n fro~ which a di~ottc myceliutn may develop 

(Figure 10.39). In the Ascom~cota, the ~1~aryottc phase is l~tted to mycelium within the 

fruiting body (ascocarp). But m the B~1diomy~ta the mycehu.m continues to grow in the 

dikaryotic state for some time and fnutmg bodies (basidiocarps) form only at a much later 

&taoe p . vesiculosus and Penispora . 
., , e.g., eziza 



Dikaryotic 
compartment 

• 
Figure 10.39 Somatogamy. 

Hence, in the Ascomycota there are number of dikaryoti~ ~ompartments (i:e., as~ogeno~ 
hyphae) in a fruiting body ( ascocarp ), whereas in the Bas1diom!'~ota there 1s a dikary~tic 
mycelium and dikaryotic hyphae forming the fruiting body (bastdiocarp ). In exam~les like 
Agaricus., fusion occurs between tw-0 somatic cells and invo_lves only J?lasmo~~Y- This results 
in dle formation of dikatyotic hyphae. Hence, the process 1s called dikaryotization. 

Homothallism and Heterothallism: Based on the compatibility in sexual reproduction the 
fungal hyphae can be distinguished into two types homothallic and heterothallic. In homoth~c 
forms (monoecious or bisexual), fusion occurs ~etween the genetically similar strains or mating 
types. In such forms, meiosis results in the formation of genetically identical spores, e.~ 
Pythium, Al/omyces and Monoblepharis. 

In the heterothallic forms ( dioecious or unisexual), fusion occurs between the genetically 
different mating types or strains. The strains are genetically compatible and are designated as 
+ strain and strain. In such forms meiosis results in the formation of both the strains, in equal 
numbers. Heterothallism is a device to prevent inbreeding and promote out breeding, e.g., 
Ustilago, Puccinia and Mucor - · 

Ill. Karyogamy 

It involves the fusion of the two nuclei of a dikaryon and the formation of a diploid nucleus, 
synkaryon . 

• 

10.1.13 Parasexual Cycle 

There are many species of Deuteromycota in which a sexual stage is not known. Of these, 
the~e are, undoub~l~, species in which sexual reproduction occurs only in a restricted set of 
~vrronmentaJ. COJlditions SQ tha~ the QCcurrenee of the sexual $!age. is iQ.frequent. Howe:ver, it 
1s also appareut_. that ·SOil)~ spec1es have lost the 1bility . to reproduce, ~xu4l!Jy. Ye.t, QWlY of 
the Deuterom:y~ Are hi~y eruccessful in their environment, Since sexuat reprod1,1ction is 
the means by ~bi~ gcme~c diversiiy i$ maintained in e\lQlyQtic organisms, and diversity is 
the key to sWV1val Pt spec1es, ~ow would a species sqrwve that hQS apparently Jost the abilify' 
to reproduce sexuall?'7 _A possible mech(mism th~ provid~ ·en ans~er to this question is the 
parasexual cycle. This 11 a process in which plasmogamy, karyogamy and haploidization takes 



but neither in any particular place in the thallus nor at any specific period during its 
ptace, 
~ cycle. . . . le parasexuality was first discovered by Pontecorvo and Roper (1952) m Aspergillus nzdulans. 
I)Uring the parasexual cycle, the following events take place: 

(a) Formation of heterokaryotic mycelium 

(b) OccaSional karyogamy between two nuclei to form diploid nuclei (Figure 10.40). 

(c) Mitosis of 2N and lN nuclei. 

(d) Mitotic crossing over during mitosis of some · diploid nuclei. · 

(e) Haploidization (not meiosis) of some diploid nuclei. 

(t) . Sorting out -0f new haploid strains. 

Homozygous 
diploid 

T 

. Hete~o~gous Homozygous 
i . · d1plo1d diploid 

Figure 10.40 Karyogamy. . ' 



110.2 GROWTH IN BAClERIA 

Growth in bacteria is an orderly increase in the quantity of cellular constituents. It depends 

upon the ability of the cell to form new protoplasm from nutrients available in the environment. 

In most bacteri~ growth involves increase in cell mass and number of ribosomes, duplication 

of the bacterial chromosome, synthesis of new cell wall and plasma membrane, partitioning 

of the two chromosomes, septum formation, and cell division (division of one bacterium into 

two daughter cells). This asexual process of reproduction is called 'binary fission'. Normally 

binary fission is symmetrical but may occasionally be asymmetrical also, as in Caulobacter. 

Growth simply can be defined as an orderly increase in all the chemical components of a 

bacterial cell. It may also refer to a change in cell number or biomass with time . 

. Growth is shown as L = log (n~bers) where_ numbers is the n~ber of colony forming 

untts per ml, versus T (time.). Prov1dmg no mutational event occurs m the resulting daughter 

cells that are genetically identical to the original cell. Hence, "local doubling" of the bacterial 

~ulation occurs. Both daughter cells from the division do not necessarily survive. However. 

if the number bacterial cells surviving exceeds unity on an avera~, the bacterial populatio~ 

~oes 'exponential growth'. The measuremei:it. of an expo~entt~l bacterial growth curve 
111 

batch ':lllture was traditionally a part of the trauung of all nucrob1ologists; the basic m 

l'equires bacterial enumeration (cell ~o~ting) b~ ~~ct and individual (microscopic, ~ 
~. direct and bulk (biomass), mdirect and indivtdual (colony counting}, or indirect and 



bulk (most probable number, turbidity, nutrient uptake) methods. Models reconcile theory With 
the measurements (Skarstad et al. 1983 ). . 

10.2.1 Bacterial Growth Curve 

A growth curve in bacterial culture can be obtained by plo~g t~e log of cells against 
time (Figure l 0.41 ). The major phases in the growth of a bactenum mclude Lag phase (A), 
Exponential or Log phase (B), Stationary phase (C) and Death phase (D). 

A. Lag phase: This phase is observed when a fresh medium is inoculated with cells 
of old culture. These cells lack certain enzymes and metabolic intermediates. Hence, 
the full growth is not achieved until the optimum concentration of these are restored. 
The individual bacteria are maturing, however, not yet able to divide. Synthesis of 
RNA, enzymes and .other molecules occurs during this phase. 

B. Log/Logarithmic/Exponential phase: Growth of the cells takes place without any 
lag phase when exponentially growing bacteria are placed in a suitable medium. When 
a culture is transferred to a new medium., there is the presence of the lag phase since 
new enzymes must be formed before growth starts. In the case of completely new 
medium or if the medium lacks certain essential factors or if the medium consists 
of an inhibitor like antibi~tic, the lag phase may be extended (known as apparent 
lag phase) since only a few ,mutants may be able to survive and grow (Zwietering, 
1990). 

Cells produced in this phase are viabl~ 
1
and the growth is constant This phase is 

short in liquid medium because of the toxic compounds secreted in the medium and 
exhaustion of nutrients. Cell doubling occurs in this phase, whicli may continue at 
a constant rate, so that both the number of cells and the rate of population double 
with each consecutive time .period. 

Y axis = log cell number l 

C ) 

A 

llme 

Figure 10.41 Standard l;,~cterial growth curve. 

Stationary phase: This_ phase _may_ 'r~m~ih for f~w days/hour~ or_ extende~
0
~; 

C. indefinite period in case of spore fomung types, as spores can remain viable for 



periods· After ~bing this phase, . .or if growth ceases due to c~mplete exhaustion of 
nutrients, the vt~ble and «:>tal counts will be same. However, tf growth ceases due 
to the accumulation of toxic products and/or partial exhaustion of nutrients, the total 
count will be higher than that of viable count. This is because large number of cells are killed by the toxic metabolites. 

». Death pba~e: During the maximum stationary phase the statistical death rate of the 
p<>pulation 1s zero. ~dually the death rate raises and reaches a maximum constant 
value and the culture dies exponentially until sterility is reached. There will be shortage of nutrients and hence, bacteria die. ' 

Bacterial growth can be suppressed with bacteriostats, without necessarily killing the 
l)aeteria. In a synecological, ~e-to-~ature · situation in which more than one 'bacterial species 
is present, the_ growth of nncro~es 1s more dynamic and continual. Liquid is not the only laboratory envrronment for bactenal growth. Spatially structured environments such as biofilms 
or agar surfaces present additional complex growth models. 

Diauxic growth 

Diauxic growth refers to the growth tliat · occurs when the bacterium is supplied with two substrates, viz., glucose· and lactose (Zwietermg, 1i 990). Under such conditions the bacteria use 
one substrate, i.e. glucose and then the other.••ln general, the substrates that ate . used first include glucose, mannose, :fructose and sucrose win.re maltose, arabinose and sorbitol are used later. 

10.2.2 Continuous Culture of Bacteria .. ii L 

As it is known, exponential growth is limited . to a few genepitio~ since the nutrients are 
exhausted and not renewed. By using a system of 'continuous culture', bacterial cultures maybe maintained in a state gf exponential , growth over long periods of time. This is designed to 
relieve the conditions that stop -exponential growth in batch cultures. Chemostat/' continuous 
culture' is an equipment that is spatially unstructured and temporally unstructured, in a steady state defined by the rates of nutrient supply and bacterial _growth. An ~x~onentia_l _gro~ phase of bacteria is maintained and the, bacterial growth , rate ts known. Sumlar equipment include 
turbidostats and auxostats . 

. In _chemostat, a bacterial population can be maintain~d at a constant density, a s~tuation, Which is mor · •1ar to i.. te · 1 growth in natural e.nvu;onments. Here, fresh medium can he e stm.1 . yac n ~ . . d' Aft · · · · added to th · wth" h ' b ' from 'a reservoir of stenle me mm. er certain 1mtJ.al e gro c am ~r f · fl f · · adjustments th f rf1 be ad~· usted and the rate o m ow o nutrients w111 be , e rate o ove ow can • · h h b able · · · th growt c am er to regulate and maintain a constant population m e · 

10~ · ~ 3 Synchronous Grqwth of Bac;teria 
SYnc · u- h"ch are at the same stage of growth cell cycle, " --hronous cultures are composed of cells w 1 

.hr can be induced by manipulating the ··'ltl'c 1 · · · te Sync ony ~..:. ce ls grow and divide at t}ie _same ~ · . ts or · they can be selected by selective -·••lfontnent like temperature a'.nd/or spatial nutnen ' . . 



Table 10.5 common vitamins required in the nutrition of certain bacteria 
' 51 
,w.n1n 

Folic acid 

Biotin 

Thiamine (81) 

Vitamin 812 

Vitamin K 
Nicotinic acid 

Ribofla'{in (82) 

Pyridoxine (Bs) 

Coenzyme form 

Tetrahydrofolate 

Biotin 

Thiamine pyrophosphate (TPP) 

Cobalamine coupled to adenine 
nucleoside 
Quinones and naphthoquinones 
NAO (nicotinamide adenine 
dinucleotide) and NADP 
FMN (flavin mononucleotide) and 
FAD (flavin adenine di nucleotide) 
Pyridoxal phosphate 

Function 
I ~ Transfer of one-carbon units and required for synthesis of thymine purine bases, serine, methionine and pantothenate 

Biosynthetic reactions that require CO2 fixation 
Oecarboxylation of keto acids and transaminase reactions 
Transfer of methyl groups 

Electron transport processes 
Electron carrier in dehydrogenation 
reactions 
Oxidoreduction reactions 

Transamination, deamination, decarboxylation and racemation of 
amino acids 

* l ( I 

CH4 production by methanogens 

Mercaptoethane
sulfonic acid 

Pantothenic acid 

Lipoic acid 

p-Aminobenzoic acid 
(PABA) 

Coenzyme M 

Coenzyme A and the Acyl Carner 
Protein (ACP) 
Lipoamide 

10.2.12 Reproduction in Bacteria 

Oxidation of keto acids and acyl group carriers in metaboUsm 
Transfer of acyl groups in oxidation 
of keto a.cids 
Precursor for the biosynthesis of folic 
acid 

Reproduction in most of the bacteria is relatively a simple process as compared 'to that hi. higher multicellular organisms. The usual method of reproduction is binary fission. . . t .. t I. Binary Flssiol'J/Fissioo (Asexual Reproduction) .. 
lt is the most common type of 11sexual reproduction in rod shaped bacteria, where the cells are 
divided by a simple division-4.nto'two halves (Figure 10.42). Each halfbecomes an independent indi~d~l. The cytoplasm and ·n~~le~ d of a bacterial cell divide equally into two, afte~. tbe replication of DN~. The cell wall .~a ~ytc>J?lasm_ also split resulting in the fonnation ?f ~ o 
daughter cells. While the cell wall and the•cytoplasm are undergoing fission, the nuclear matenal becomes organised into a circular chromosome-like structure that duplicates itself and bec:~es 
distributed equally between the two cells)ft,ned from the dividing one. Plasmids also duplicate a,bd distribute themselves equally in the two cells (Salle, 1984). 



µ 
--~' ~ -• a surprisingly rapid t 
,,..--- · · · · ra e. Under favourable ndi·tto· bacterial 

·\lidel by fis8iOO once m every 20-30 minu . co ns, a 

oe'l 4i t,ooOCDQI& .eight and so on. In a da tes, one ce_ll ~coming two, two becoming 

fol'f, fOIJl'~J t·is this, cbaracteristic of r~d:.less, one bacterium can produce one million 

~y . ~iiir.ance in the world of Im . p mg an e~o1:1Dous number of bacteria, they are 

c,{ JPost Sl~ • ul e m general and m mducing diseases in a wide range 

of crop plants, 10 parttc ar. 

a. Sexualreproductton 

♦ DNA Replication 

Cell elongation 

+ Septum formation 

! Cell separation 

Each daughter cell 

receives one copy 

of the chromosome. 

Figure 10.42 Fission in bacteria. 

~ bacterial sexual reproduction, meiosis, formation of gamete.s and zygote do not take place. It 

rm:olves transfer of a portion of genetic material, DNA; from a donor cell to a recipient cell. 

~-process is termed as genetic recombination or parasexuality. It occurs in the following 

different ways. , 

(a) Tfan1formation: Here, 'one type of bac;terium is ~formed into another type which 

takes place by DNA transfer 'rrom a capsulated bacterium into a non-capsulated one, 

as observed in Diplococcus. It involves the dfro.ct_incorporation of small fragments 

or mol'!cules of DNA like 'plasmids' into bacterial cells from the surrounding 

environmenr and employs sophisticated mechanisms 1 of binding and uptake. Direct 

Uptake of phage/phage-derived DNA by this process is specifically referred to as 

lransf ection. Transformation is specifically important for the transfer of recombinant 

Plasmids. Conditions suitable for uptake of donor DNA into recipient bacteria occur 

only tl'ansiently during cultural growth. During a relativ.ely short interval, transformable 

bacteria become competent and during this period of competency they can efficiently 

take up and incorporate donor DNA added to their growth medium (Figure 10.43.). 

{b) TraDlductioo: DNA of a bacterial cell (donor) is transferred int.o another cell with 

the help of 8 ~bacteriophage' (Occurs in Salmonella, Mierococcus, Escherichia). ln 

the case of bacteriophage vectors, the transfer of phage DNA combined with other 

~NA of interest may be directly acbieved by the normal p~ocess of infection, which 

11 fertJJed trOMduetion. ~c omuds have'proved useful in DNA transfer by transduction, 



since they are able to carry larger fragments of insert DNA than the phage DNA 
vectors. Altho~gh this process ~ of si~fic~ce in bacterial geneti~s,. it has not been 
widely used wtth phytopathogemc bactena (S1gee, 1993). The genetic information tbat 
temperate bacteriophages can transmit from one bacterium to another is quite ~ 
normally only one gene at a time; in some cases, however, when the genes are located 
very close together on the bacterial chromosome, both of them are included within on 
phage and are transferred as a unit to the recipient bacterium (Figure 10.43). e 
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Figure 10.43 Genetic recom\'>ipation in b~~teria. 

Conjugation 

It is a process in which the genetic material of a bacterial cell of a particular strain is .transfe~ 
into that of JU1other bacterial cell of a different strain ( e.g., Escherichia -coli) (Figure 10.43). O 
the two strains of bacteria involved, one acts as donor/male and the other. as a recipient/female. 
The donor cells po~ess a sex factor or fertility fact(,)r (F factor) as a comJ?Ptl~~ qf its circul~ 
DNA .and is called p+ strain. Whereas the recipie1;1t cell doe~ npt p~ess this. fa~tor, henc~ : 
is called F" .~ A_ conjugati9n betw-een eel~ of f'+_ and F" strains res~~ in, ~e forma:r 
of p+ bacterial cells m the progeny.. The use of bac~na~ ce)Js as _ v~to.rs ~valves ~~ trail and 
of plasmids or cosmids, during the prope,ss -0f cop.j11gati_on, -wit;h coptact .. ~tween donor 



~ ~ . 
~ t,acterla to 1orm a mating aggregate. DNA transfer leads to the recipient acquiring 

rt"f"~ infonnation and becoming a transconjugant. The transfer of plasmids and derived 

~~ needs the activity of two types of gene, one for establishing the mating aggregate and 

~ for mobilizing DNA transfer. 

!Ml...-~, ~~ ~ ~ genes-ate transmitted frOJn .dtmor tp . .recipie~! 

11
,-of the• 1-ctor js termed. as &a.duc.tion (Jacob and Wollman, ) 961 ). ) , 

111 

10.2.13 Endospore Formation 

f.ndospotes are the structures produced within the cells of a considerable number of bacterial 

species (Figure 10.~) as in Bacillus (rod shaped, aerobic/facultatively anaerobic) and 

Clostridium (anaerobic or aerotolerant). 

Endospore 

(a) 

Exosporium New 
Core Spore coat bacterium 

wall ------ Plasma 

(b) 

membrane 

Cortex 

Endospore 
Nuclear body 

(Nucleoid) 

(c) 

Figure 10.44 Endospore formation in bacteria. (a) Endospore according to their position 

inparent cells. (b) An endospore in cross-section. ( c) Germination of endospore. 1• -

. Endospores are more :resistant to -~avoura~le environmental ~onditions like h~t,. ,cold, 

! desiccation, osmosi~ qhemicals, etc., m companson to the vegetativ~ cells producing -~. 

During this proce&s, a portion of the cytoplasm .and a co~y of th~ bact~~al chromosome ,un<J.~q. 

dehydration and get surrounded by a thr~-layered co~enng; the remru~mg portion of cytoplMm 

anq cell wall degenerates and the resulting struc~e JS endospore, which can remain viable for 

sevew )'ears. After the return of fa~ourable envrronment, the endospores absorb water 11 
and ~the w- all lits releasing the cell inside. It develops a new cell wall and starts fun ·:_sv.:e 

sp , . . +i..od f , Cu.Onm.8• 
~ a typical bacterial ~ll. Endospore fo_nru-non 1s npt a me"'! . o reproduction beca~e a· cell 

rarely pi:oduces more than one ~re,. It J$ onl~ a method fo~ tiding over unfavourable conditions 
~ allowing Qispersai of th~ b,teten~l cells m~o new habitats. 

Wiith r. · tions the sphepcal bactena do not SPQrulate. Some spore b . . 
,._ be 8 

1.ew ~th -~ ~ility to produce spores; when the ability to prod eanng. ~pec~es 
.....,. made to .,_,se · e..... . uce spores IS- once 



lost, it is seldom regained. Other types of spores like sporangiospores, conidia and cysts are also reported in several bacteria. 

I 10.3 PLANT VIRUSES 

Outs'd th h t ce" viruses are metabolically inert and do not exhibit any life-like processes. 
l e e OS ~ 

heh . lm ' . . . Only when they enter and infect a living system, they s~ a:vm~ . e_ microo~arusms'. Within the host cell, viral nucleic acid becomes the presiding deity, inhibits synthesis of the host cell protein and RNA and also directs the synthesis of ~ts o~ ~A and prote~ ~ ~ the cell. A protein synthesized early and coded by RNA of the ~~cting vrrus may ~ inhibitory compound involved (Hofschneider and Hausen, 19~8). Inhibitio~ of cell protem _and RNA synthesis makes nucleotides, amino acids and free nbosomes available for synthesis of viral components. 
It is interesting to note that viral protein and nucleic acid are constructed from the same twenty amino acids. and four nucleotides which occur in healthy cells. The energy required for energising several chemical reactions for viral synthesis is derived from ATP of the cells. Vrruses, therefore, completely depend on the host cells for the supply of precursors, i.e. nucleotides for nucleic acid and amino acids for protein synthesis, energy, enzymes, ribosomes and the structural machinery for ·making ribosomes intact for all the infrastructure, for their replication. Hence, it can be sai4 that the viruses are parasites at the genetic level. 

10.3.1 Virus Replication and Spread 
Plant virus replication and spread require specific interactions between the obligate organism, the virus and its !i,ost, the plant. Both virus and plant factors, whether· th~y are involved in virus accumulation or in defence against virus accumulation, req~ -specific environmental conditions to maximize their activity. In order to understand how virus and plant factors function, it is therefore necessary to understand and control the environtnent that influences their activity (Jian Zhong Liu et al. 2009). Temperature, light, moisture, air movement, soil status, .and plant nutrition are the major environmental factors that influence accumulation of a virus in its host. 

· Vrruses ~ new viruses while ·infecting cells. Unlike celhuar<.trlicroorganisms, viruS ' growth' cannot be distinguished into increase in mass and increase in dumber aspects. Instead, viruses are assemb~ed from component parts into mature or nearly mature virions .(Talaro and Talaro, 1996). During a typical virus replication and maturation, a" single infected cell can ma1re several hundreds ,or even thousands of 'new (progeny) -virions. It is inte~ting to note how this high virus_ fecundi!f contrasts ·with the merely doublmg per generation · achieved by most cellular organisms dunng cell replication. ... This~gh viral fecundity~\tawever, is conceptually indistinguishable from a plant or aniJnal which simply has large litters, 'PJ!Oduces large numbers of eggs, releases large numbers of _8~ and produces large numbers of ~rageny. In any of these cases what is being exhibited is sunplY 8 hisb biotic po~tial. Many · V1fUSCS can. P~d~e the large numbers of progeny in the. saine amount of time tt takes the host cell to divid~ (if, for· example, it •were not infected). AJJ1°118 



-
hum&D vuuses, viral multiplication cycles range in length from 4 to 36 hours. Conseque~tly, 
viruS numbers can rapidly overwhelm host numbers if not kept in check by some mechamsm. 
For some viruses, this intense ability to propagate is tempered somewhat by a tendency towards 
produc~ def~tive pro~eny ( e.g., HIV). Consequently~ the number of progeny produced by an 
average infection _may ~ifier when considered in terms of total numbers of progeny relative to total numbers of mfectious progeny. 



. 
10.3.6 Viral Replication, in Bri,t .·: 

l. Plant ~ e~f:er host cells through wounds created mechanically or by vectors or 
by deposition Utto an 9vule by an _infected. pollen grain (Gibbs and Harrison, 1976) 
(Figure I 0.45). · 

2. The nucleic acid-0f~the virus (viz., n -RNA viruses, the RNA) gets separated from the 
protein coat. 

3. It induces the. host cell to form the viral RNA template and forms complementary RNA. 
4. The first new RNA ·synthesized is not the viral RNA but a complementary/mirror image 

of that RNA. 

5. The complemen~ R;N~ g~ connected tepipo,rarily to the viral strand, forming a 
double-stranded RNA which soon separated to produce the original virus RNA and 
the mirror image· (r1strand) sirand, with• the latter .serving ·as a template for· more 
virus(+ sband) RNArsynthesis. 

6. However, 111 some viruses, this mechanism may not be typical, but may differ. In 
viruses in which different RNA segments occur within two ·or more virus particles, all 
the particles must be present in the same cell for the virus to replicate and for infection 
to develop. r ,, t I • 

7. In single-stranded ,RNA rbabdoviruses, the RNA is not infectious because it is the (-) 
strand. 

8. This RNA must be transcribed by a ,virus-carried enzyme termed 'transcriptase' into a 
(+) strand RNA in-the ho~ and the latter RNA replicates as described oarlier. 

9. However. in double stranded RNA isometric viruses, the RNA is segmented within 
the ,sam; v~ ., 18 ft()4-mfectious and' depends for its replication· in the host on a 
transcriptase eniyme also carried within the virus. -

10. After the infection --of \he host by a double~tranded DNA (dsD~A), the viral dsDNA 
enters the cell nucleus, where it gets twisted and super coded, forming a mini 

chromosome. 
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Figure 10.45 Sequences involved ur•viral replication. 

11. The latter is transcribed into two ~ingl~s~~ ~ ~ ..the smaller RNA is ttanSP~ 

to the cytoplasm, where it is translated into virus•:cwed pro~eins and the Iarger·cJated 

is also trans~rted tQ 1?e same:site -~ the cytopl~IJ1, .h9wev~, it ~copies ~n::s~to 8 

by ·coat protein subumts and 1s util~ 8i8 -a, tempJaw (QT ,revei:se tranScnp 
_, 

complete virion dsDNA. . , u • I ) . ... A 
. ~ . • • • . • • ( Stfllll" 

12. The ssDNA replicates by forming a rolling circle that produces a mqttiroenc -cleaved 

that serves as a template for tbe prcdµctiQn . of JllWff\l\~P. {f-;). ~ds that are 
to produce unit length(+ strands). ed (induces 

13. ~ the production of new viral nucleic acld, ,sow., of it .will be ~lat 

the host ~ll to produce tb~ protein mQ}ecules cQd~d~ by iq -,i~ejc acid). 'ds and tbe 

14. Pr-Otein synthesis in healtby cell& depends <>n tbtt pr,~Jenot;·Ol ~o 301 

cooperation of riboso~es, m~~nger RN'A ~d ~(er ~~-. • -: 
9 

towards tbe 

15. Each transfer RNA 1s specific for ·one amtno acid!! which 1t came 
appropriate nucleotide seqQ.ence along the. messe,ngeJ, RNA. 



- -~- • -- '""::f'-"~ OIIU I\C:1-'ln.a uu11 UI rldlll, y fl U)t:) 

6 Me§Cllger RNA that is produced in the nucleus d fl 

l . d rroines the kind of protein that ill be an re e~ part of the DNA code, 

ete . •c1s will be w produced by coding the sequence in which 

the ammo ac1 arranged. 

11. 1be ribosomes travel a~ong ~e messenger RNA and provide the energy for the bonding 

of the prearranged ammo acids to form the protein. 

· · rtant to note that th f th · 
t 8. It 1S unpo e part O e viral RNA coding for the viral protein plays 

the role of messenger RNA. 

19. The~ acids, riboso~es and transfer RNAs of the host is utilized by the virus, it 

becOmes tts own bluepnnt/messenger RNA and the proteins fonned are for exclusive 

use by the virus as a coat or in other functions. 

20. After the production of the new virus nucleic acid and virus protein subunits, the nucleic 

acid organizes the protein subunits around it and the two are assembled together to 

form the complete virus particle, i.e. 'the virion'. 

21. The site/s of the cell in which virus nucleic acid and protein are synthesised and in 

which these two components are assembled to produce the virions varies with the 

particular virus genus or family. 

22. The virus RNA, after it is freed from the protein coat, replicates itself in the cytoplasm, 

which is true in most RNA viruses; it also serves as a messenger RNA and in 

cooperation with the ribosomes and transfer RNAs, produces the virus protein subunits. 

23. In the cytoplasm also, the assembly of virions takes place. 

24. In viruses with ssDNA, the synthesis of viral nucleic acid and protein as well as their 

assembly into virions, take place in the nucleus, from which the virus particles are 

released into the cytoplasm. 

25. Normally, the first intact virions start appearing in plant cells around 10 hours after 

inoculation. · 

26. The virus particles may be found _to. occur singly or in _clusters, may form amorpho1:15 

or crystalline inclusion bodies within the cell zones, 1.e. nucleus and cytoplasm, m 

which they happen to be. 

10.3.7 An Overall View of Virus Replication 

-
..Yirus penetration 

!iberation of RNA by uncoating 

J ntry of viral RNA into the nudeus 

J ranscnption of viral mRNA 

~ement of viral mRNA Into cytoplasm and its association with ribosomes 

! l'Oduction of inhibitor for cell protein synthesis Production of Inhibitor for cell RNA synthesis 

(i) Cell protein synthesis Jnhlbltlon (I) Cellular RNA synthesis Inhibition 

(ii) Amino acids become available which are (Ii) Nucleotides become available 

~ then activated 

..§vnthesis of viral RNA replicase 

.Belease of parental viral RNA frQm ribosOmes 
(contd.) 



thesis of RP RNA 

SVIMNIRI.CI: of RI* RNA 

Accumulation of progeny viral RNA 

Association with ribosomes 

~,tl'M:.ci's of coat protein 

Assembly of virions 

1tffF = Replicative Fonn (Viral RNA that exists as an intermediate dQuble stranded structure) 

*RI = Replicative lntennediate (Branched and partly double stranded RNA). 

I 10.4 GROWTH CYCLE OF BACTERIOP.HA~ES 
. 

< 

Based on their growth cycles (lytic or lysogenic ), bacterioplulges ~an be grouped into the 

following_ types: , , · . , 

(i) The virulent phages: These a.Te .typified by 'T' series that -exhibit a lytic cycle in 

which the sensitive bacterium lyses (hence called lytic growth phage) and a large 

number of nc:wly fofJlled Vll1J$ particles are ijberat~p,. The lytic cycle occurs in 'T' 

series of phages that attack E.coli. The seque~ce of events of lytic cycle consists various 

steps, viz., adso:rption, injection, . protein synthesis, genome synthesis and maturation 

and release (Nina ChaJrishvili, 2009). • 
• ' · · i J. • l • , 

(ii) The Iysogenic pbages: . These p~ges doe~ ~o~ mulp:p}Y" '11d the~e is no death of host 

cells. The phage ente~, the lytic cycle at a critical time known as 'induction'. The 

lysogenic cycle occurs in (Lambda) phages attac!png. p. coli. The phages that exhibit 

ly~ogenic cycle are termed 'temperat_e phage~' c!DQ. th~ bacteria in which this occurs 

are termed 'lysogenic strains' .·The entire proce~s is kn~~ as 'lysogeny'. The cells do 

not lyse and no virus particles are fomed. A type of symbiqtic association develops, 
that is known as 'lysogenic state'. ' ' · 

The DNA of the phage, after adsorption · and inje~tion, enters into the cell, instead 

of talcing over the host protein synthesis machinery, the vrral •genome gets integrated 

with the bacterial genome. The viral genome in such integrated state is known as 8 

'prop~ge'. This new genome, CDD&i.sts .. of ml an.di ba<;teritl g~OJPes, r_eplica~ ~ 
one urut and the daughter genomes are . passed .on to the off springs. Hence, the vi.rUS 

genome continues multiplying in the daughter lysogenic bacteria indefinitely. 

I 10.5 GROWTH CYCLE OF SATELLITE VIRUSES 

' t 
Satellite v_iruses me incapable of replicat~ in their bo~~ ~Us .unless the 'hdper ~~' ~ P~~::d; 
They replicate at the cost of the ~elper VJ.n\S. The multiplication of the belp~ v.mis?s. ~- tbe 

the satellite virus, _thus ... ~e parasites ·of ~irus_es establis~g a double, layer'-of.~aras1t1s::host 

ll. The helper v~ div~rts the _nuc~e1c ac1~. an~ protem sy.nthesizing m;ac~~ry of satellite 

cell • ts own multtplli:ation, which m turn. IS ~ towards the •multiphcation of . vitllS-
~ to~ total effect can be an increase or decrease in fb.e_damage caused 'by the helper 
vuus. 



~ . disease . furth . 
~ ~ necros1S 18 • er worsened m the presence of its satellite virus, 

f1IO tb --..nA•~ of tobacco/pepper plants 1s decreased. In several plant diseases however 
'IC C ~- -A .. ,. the . . , , 

flhls,tellite ~ 11"UIA'e seventy o~ the disease caused by the helper viruses, which are 

~ t-.ina coosidered as good tools as b1ocontrol agents of plant diseases. -~ . 

0 6 
GROWTH IN PHYTONEMATODES 

~ . 
pespite the divtr&ity ad ~mplexity of ~y nemat~e life cycles, the growth in all of them~ 

related to the same basic pattern. This pattern, m general, consists of two phases, parasitic 

~ pre-parasitic ~igure 10.46). '":1-e parasitic ph~_e takes place inside the de~tive host 

while the pre-parasitic phase occurs either as a free hvmg phase in the external envrronment or 

jngde a second host, called an 'intermediate host'. This basic life cycle also consists of seven 

stages: an egg, four larval/juvenile stages (L2, L2, L3, IA) and two adult stages comprising 

separate males and females. 

Parasitic Pre-parasitic 

Figure 10..46 Phases in growth of a nematode. 

In most species sexual reproduction by adult nematodes is the norm and occurs within an 

inf~ definitive host. E~Bs are lai_d by ~e female and pass from this host into the external 

~VII'OD.menL . , 

The eggs undergo different stages of developm~nt, i.e. the developed larva within the egg 
comes out of the egg due to egg batching and rup~g <>f tne ,egg shell. Hatching factors 

Play a role in stimulating egg to batch. It ~y· includ~ :facto~s lik~. most favourab!e levels of 

femperature and moisture levels in the environment along with several other specific factors. 

However, egg hatching is a complex process. This l~a underg<?es frequent 'molting' (shedding 

~fold cuticle to acqwte new one), which is a co~plicatecf phenomenon involving several events 

like production of new cuticle by the bypoder:tJUS at;id e~heathmen.i (rupturing of old cuticle). 

This molting leads to seco~ third and fourtQ. stag~ !wv~~ .fi.Q~ly into ~ult males and femal~. 

Second stage larva~ ad~lt ~es are the inf~cti~~ stages in most phytonem~todes. 

10.6.1 Gen-ral Life CycJe ~f a Plan~ ParasltJc Ne~atqde 

~ematodes have a relatively 'simple basic' life cycle ,consisting Oflan egg stage, four larval or 

JUvenile stages and an ,adult stage (Figure 10.4?). Nematode ,parasites of plants have diverse life 



·~ ~ •• .&. de' . . cycle stra•-.oies that are important considerations 1.or sigmng management strategie A . -~ · f ha · enil · 8
• Ith 

some adult nematodes may exhibit a vanety o s pes, JUV es are typically vennif; ough a long,. thin, cylindrical shape. In most n~atodes, only second stage juvenile and ~: ;:ving stages are parasitic on plants. In some, like stem and bulb nematode, fourth stage . . lllale instead of second stage. After each juvenile stage, from first to fourth, a molt occ 
18 

infective 
d . . . Th ~ urs and the cuticle is shed. This allows the nemato e to mcrease m s~. e 1.ourth stage juvenile d a phenomenon called "Sex differentiation", during which, some of total number 

0
;? erg~ becomes adult males and a part, female nematodes~ This differentiation depends mosttveniies environmental conditions like temper~ture, moisture, food availability, etc. Y on the 

~~, ~ /I Stage I juvenile 
i\"\~· ~ V stcJys in egg 

Adult female 
produces 
egg mass 

. \ 

Adult females 
remain in root, 
males leave · 

Roots form g~lls 
as II, Ill, IV stage 
juveniles feed on 
giant cells 

l 

Stage 11 hatches 
moves through 
soil 

~tage II invades 
rootlets; giant 
cells form 

Figure 10.47 Ge1,1eral life cycle of a root-knot neIJ;latode. 

It is interesting to no~ t~t under favourable conditions, most juveniles 1,ec0rne !~; and under ~favo~l~ situa~ons, most become male nematodes. Males are non-parasi11C life they mov~ into the ~il and live ~ saprophytes, while females infect host plants _and th: and cycle continues. Many plant-parasitic ~ematode species pass through the ~ juv~e staS-_:...d molt to the second sta~ before hatching from the egg. In general, the average tilll~ ~ f~ c.omptetion of the• lif~ -,Ycle ~es fr9l)l 18 to 40 days, though ~ rang~ varies ~j. ppo1I the· nemato«Je ,spec1~&enll& mvolved anq env.iropm~l conditio~ {RAviC.}landtl, 



~ of time for one generation to occur varies and differs with the genera as well as 
111C .l and is greatly influenced by. t~perature. Optimum temperatures for many nematodes 
~ 

61 
a low of 55 to 65°F to high m the 90°F and approximately a month is required for 

~ ftOina,t:odes to go through a ~e~eration under these conditions (sugarbeet cyst and root
~y ~es). Other plant parasitic nematodes can pass through a generation in as little as 
tii<>t 

O 
ks (foliar nematodes) or may require a full year (some species of dagger nematode). 

t\\10 ;:u moisture ~d availabilit_Y of food from the host plant also influence generation 
. Some nemato<:le8 have survival stages that allow them to tolerate wide fluctuations in 

uine, ture and other adverse environmental conditions. Nematodes molt four times during 
~e cycle with a molt occurring at the end of each larval stage. Therefore, molts separate 
: first and second juve~e s~ges (JI and J2), the second and third juve.nile ~tages (J2 and 

13
) the third and fourth Juvenile stages (J3 and J4) and also the fourth Juvemle stages and 

- adults (J4). The J4 grows to the limit of its new cuticle, at the same time developing 
into a sexually ma!'Jfe adult male or female. This developmental cycle can be represented by 
a growth curve as shown in Figure I 0.48. Male and female nematodes are usually similar in 
appearan~ ex~pt for th~ reproductive systems. It mainly includes one or two tubular gonads 
which may vary in lengUi and may be straight, reflexed or coiled back and forth. In males and 
females the genital ~es ¥e lined with a single layer of epithelium which covers the germ 
cells and forms the ducts. 

Telogonic and hologenic conditions 

In majority of nematodes the germ cells are proliferated only in the distal end of the -gonad and 
are termed, 'telogoni~. In few nematodes the germ cells are formed along the entire length of 
the gonad and are known as .~hologonic' . 
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Figure 10.48 A (Jl) develops inside the egg, hawhes (ll), grows rapidly then molts (Ml) to a J2. This 
second stage larva also show~ a ra~id spurt of growth followed by a second molt (M2) 
to a third stage larva (J3) the mfect1ve stage ~or many nematode species. This (J3) grows 
then molts (MS) inside ,the host to a J4. This final larval stage .grows and undertakes a 
fim1 molt (M4)- an4 pass- through a ~ growth phase to become sexually mature adult 
males and females. 



Most plant parasitic nematodes are characterised by an increase in the size of the entire 
reproductive system. The uteri and the growth ~one of_ the ovary ~e lengthene~ that leads 
to more egg production. However, pronounced ~o~hism occurs m some species. Females 
become swollen and males remain slender and cylindrical. 

Increase In the body size 

The growth in nematodes is a discontinuous ~roc~ss in ~at they ~derg~ four molts during 
development. Unlike insects which increase m size durmg and 1lllllled1ately after a mol~ 
nematodes increase in their size between molts and, in most cases, they stop growing (lethargus) 
just before, during and after a molt. The duration of lethargus varies in different species. 
For example, Meloidogyne and Heterodera have a prolonged lethargus during which three 
successive molts occur. In some instances, the larva may be shorter after molting than before. 
However, the total mass of the larva may not change, as the shortened larva may be thicker. 

Thus, nematodes grow continuously, except during molting or when they have reached the 
maximum size. The cuticle acts as an exoskeleton and the body wall musculature is attached 
to it. It is also a complicated structure consisting of two or three layers which, in some large 
nematodes, may be fitttb.er subdivide into many more layers. To allow continuous growth to 
occur the cuticle must either stretch or increase in size. In general, more cuticle is being laid 
down as the nematode grows. Variations in cell number alone may lead to evolution in body 
size in nematodes. In this way, nematodes are different from other invertebrates including 
mammals (Flemming, 2000). 

Increase in the size of various intem&l structures of the nematode body is less complicated 
than growth of the cuticle, since the c~ll number reniains cQnstant and growth occurs by ao 
increase in size or change of shape of a structure. During development, cells are destroyed and 
replaced to form new structures. For example, change in shape of the oesophagus from one 
larval stage to another. In some cases, the intestinal cells increase in number in the adult stage 
and regeneration of intestinal cells takes place after release of several secretions, for example, 
holocrine. 

10.6.2 Reproduction in Phytonematodes 

Major methods of reproduction: 

l. Bisex11al (Amphimixis): In this type, male and female reproductive structures are 
present on two different individuals, i.e., existence of male nematode and female 
nematode as in any higher animal, e.g., Burrowing nematode, Root-knot nematode, 
etc. 

2. Parthenogenesis: It is a process in which, fertilization of eggs occurs without ~e 
help 0~ ~es. Males are not required for reproduction here. Mating and gene~ 
recombination do not occur, e.g., Root-knot nematode, Citrus nematode, Cyst nematod 
(l{eterodera and Globodera spp. ), etc. 

3. Bennophroditism: It is a condition where both male and female reprodudc:: 
structures are present on the same individual, e.g., Root-knot nematode, Stem an · 
nematode, etc. 





















































Dispersal of Plant Pathogens 

The qispersal, transport or transmission of the pathogen o~ the disease is 

imp0rtant not only for spread of the disease in the population. ~ut also for 

continuity of tf:te life-cycle and evolution of the pathogen. The l,v!~9 host or 

other organic substrates cannot indefinitely provide space and nutnhon for the · 

growing population of the animate p9thogens. This compels them to ~ove out 

to new, .hitbedo uninhabited, sites otherwise the pathogen would d,e due tq_ 

starvatio~ ·resulting from exhaustion ·of the host and due to overcrowding: , 

Nature has provided the pathogens the necessary mechanisms for exit from 

the host and move to new locations. In fungi, production of asexual and sexual 

spores follows the active vegetative growth in .or on the invaded host tissues. 

These are dispersed mechanically in time and space by various means. In 

bacterial diseases, the bacterial cells come out on the host surface as ooze or 

the tissue may be· disintegrated to such an extent that the bacterial mass f;" 

~sed and then dispersed by various physical and biological agencies. 

Viruses haye no such organs. They are transmitted by insects and man. 

Nematodes are themselves motile and try to move out of the exhausted and 

overcrowded sites and then may be moved with soil, water and other means. 

Pa~ogens of all infectious diseases are transmissible, i.e., they are carried 

?Y venous m8<:1ns from the source of survival or from a diseased individual 

in th~ ~pulahon to the healthy individual. Some diseases may even be , 

jtagaous t.e., the can_ ansm,tted b contact between diseased and health 

. p <;mts. Many mechanisms described for surv,va o . . . 

~ ~rsal of pothogens also. In eneral the seed-6 . pat ogens a~p y. to - ,s· . 

V dispersed ~ the movemeat ~f d .
1 

ome athogens or diseases are 

.or displacement of soil and thr:;\::..tr:t -borne pat ogens t roug move_!!)~! ,' 

hosts (collateral or altern.a'e h t 9) . _contact~ and those surviving on.wild 

th · ,, os s in active stag th h · d b 
0 er structures and insects H . . ~ . roug w,n - orne spores, 

f h . . , . owever. ,n ma1onty f d· b· . . 
0 mec anrsms aided by exter I h' . f O 1seases a com ,nation 

dispersal (as w'ell as survival) ~h P, ys1ca ahnd biological forces, operates in 

well as by seed and its trans~ort e~~mb pa!/~eb may be carried by soil as , 

The ·two links in the infection chai: f e 
0

' e. Y water, wind, insects, etc . . 

through dormant structures and dispe~sal:fihmate hathogen, viz., su'rvivol 

bound with each other. Actuallv th d e pat ogen are very dose1y 
,, e ormant structures of f . ·de ung, prov, 



means of dispersal in time i th h . 
over 

O 
period off 'bt·, . e pat ogen 1s retained in a viable condition 

•th t be· h imede eno I mg it to be transported through physical agencies 

w1 ou mg arm In ow fu . th . 

th h th 
. . · er ng1~ many po ogens ore transported o-L---

roug eir resting structur · ·1 Th . 'Wf 

· I t d b . th es in soi· e resting structures of fungi on seed 

or m p on e ns are o er exampl A ·1 fu · fu · · ·d 
I II d· tr"b d es. mong soi ng1, ng1stas1s prov, es 

0 orge, v.:ekl ish I ute reserve of inactive spores able .to colonize new sub-

strates qu1c y w en available. . . . · 

The dispersal of pathogens is accompl"ished · th r II · ,,. 
. . m e ro owing mann~r: 

1. D,drecbt (aeedchve or autonomous) dispersal, such as dispersal in and by soil 

an y s and planting materials. · 

2. Indirect (pass!ve) dispersal involving.the role of man, insects, nematodes 

and other ammals, water and air. 

The knowledge o! these methods ~f dispersal is ess~tial for effective man

agement of pl_an.t d,s:°ses because possibilities of pr~venting dispersal and 

thereby breaking the infection chai~· exist. · 

AUTONOMOUS DISPERSAL 

Autonomous dispersal of bacteria, fungi, viruses and nematodes is accom

plished through the agency of soil, seed and plant org~ns during normal 

agronomic operations. There is no primary role of external agencies like 

insects, wind, water etc. in this type of dispersal. · · 

Sod as a Means of Autonomous Dispersal: Pathogens may survive through soil. 

·-This is specially· true for soil-borne facultative parasites or facultative 

( saprophytes. The dispersal mciy b~ by movement of the pathogen in the soil 

or by its growth in the soil (dispersal in soil): _Both are ·rare possibilities.__becau.s.e 

plant pathogens can rarely compete with other soil microbiota and roove fa( .. 

: They generally form re_sti!19 stru~tur~s (oospores, chlamydospores, sclerotic) 

. -not only on the host but also in the soil when under stress. Movement of the 

·_ soil containing the pathogen (dispersal by soil) is more common m~thod. 

. Among plant ·pathogens only_ n~ef!1~~odes a_r~ capable _of loco~otion and 

can bodily move·· in . ~Qi[ The .. nematode larvae . are capable of wriggling 

lhrough pores· spaces having some water. and reach their preferred host to 

cause infection. They hav~ so"me ability to _migrate tow~r~s ~igher moisture 

content, optimal temperature and chemicals released by the host roots (diemq

fqctic respons~). There is no evidence to suggest that nematodes show any 

response in their active movement to soil texture; light and gravity. Limitations 

are the optimum · moisture in the pores and diameter of the pore. It _must _be 

enough to allow the body pf the larvoe pass through. ·However, this active 

movement of nematodes is not of much epidemiological importance because 

when measured in ems it is few ems to less than a meter in several months. 

But the chances are that within this space they may encounter their suitable 

host and then the speed of movement is accelerated under the influence of root 



exudates. The ability of locomotion in nematodes mainly helps in finding a 

suitable site on the host surface for penetration. . 

Many fungi such as species of Pythium an_d Phrtoph~~oro form zoos~or~s 

provided with Ragella for locomotion and w,~h this facility they con swi~ 1n 

films of water present in the soil. During rams, the zoospores o_f Pyth,um 

aphonidermatum or Phytophthoro parasitico in papaya plants affected with 

root rot, collar rot or stem rot are capable of swimming in w~ter and reaching 

healthy plants to cause fresh infections. This results in rapid spre_ad of_ the · 

disease in papaya plantations. In collar and cr~wn rot and gu~mos1s of citrus 

caused by Phytophthora porositica, P. palm1vora and P. c1trop~thora the 

zoospores move in soil with water _ in irrigation channel~ to lo~g distances. If 

the soil does not dry between irrigations their movement 1·s continued ?nd new 

roots are infected. Long intervals between irrigations cause the soil to dry 

sufficiently to prevent movement of zoospores. 

Only fungi and, perhaps, actinomycetes can grow to new sit~s from fhe ~te 

of survival or activity in the soil. However, in absence of the host and 

precolonized substrates, soil environments are highly inJmical to active survival 

and growth. Thus, the growth of ·the pathogenic fungi in soil is non-existent 

or extremely slow. Most of the serious soil-borne pathogens such as Fusarium 

solani f.sp. phaseoli (root rot of bean}, Fusariu1J1 oxysporum, species of Pythium, 

Sclerotium rolfsii, etc. grow in soil to only a limited extent and are, therefore, 

immobile. The root inhabiting fungi (wilt causing species of Fusarium and the 

root rot pathogen, Phymatotrichum omnivorum, with low saprophytic competi

tive ability cannot grow for from the roots of their host. For practical purposes, 

it can be assumed that their range of spread is limited. to roots that are 

adjacent or in contact with the infected roots. Some pathogens such as Scle

rotium rolfsii grow to -some distance depending on the size of the food base 

from which they have originated and also on the extent to which the soil 

antagonism pe~mits them to grow. Under the inAuence of antagonism lysis of 

the hypho sets m and the fu~gus produces secondary sclerotic. All such fungi · 

use _soil mainly as sites for survival. Another example of dispersal in soil..· 

through growth . is that of the rhizomorphic fungus (Armillaria me/lea) which 

produces strands of interwoven hyphae (rhizomorphs) protected by a covering 

of modified hyphae that enable them to .grow in soil unharmed and reach 

uninfected_roots at a distance._ In Armillaria root rot of citrus, the. ~ izo"!e[ehs 

must remain connected to the infect roots (f~od bose) for their growth throu~ 

soil. However, they can obtain nutrients from soil also rich in organic matter 

(cf. Singh, 2000). These rhizomorphs can be fragmented and distributed in 

the field during tillage operations. The pathogen produces antibiotics that 

prevent any harm to it by ~ntagonistic. soil microflora such as Trichoderma. 

It is only when the pathogen 1_s weakened·by some treatment that this antagonist 

effectively checks it. . , 

Soil particles laden with bacterial ·cells or plant residue containing bacterial 



cells are splashed_ by r_ain drops. :hey ~each the foliage, dry and protect the 

b terio from des1ccat1on. The soil particles can also be blown by wind and 

d~~eminate the p~thogen ~ve_r va~ious distance. The movement of bacteria 

through the s~il (dispersal w1_th1~ so1l)
1 
can occur t~rough any agency than can 

ve the soil particles. This mcluaes water, different cultural operations 

~~vement of nematodes and earthworms _and even fungus hyphae growing i~ 

the soil. . . . 
Wind blown soil particles as dust are known to carry such dormant s.truc-

tures as cysts of nematodes and resting structures of some fungal pathogens. 

In Rajasthan, the cereal cyst nematodes (Anguina tritici) leave cysts in the soil 

after crop harvest. There are dust storms during summer. This distributes the 

cysts with dust not only locally but also to distances for away. In Synchytrium 

endobioticum, the resting spores, whether in crop debris or free in soil, are 

main survival structures. In USA and Canada, the disease is generally con

fined to home gardens with small plots which optimize conditions for the 

pathogen through monoculture, infected seed tobers, and crop debris left on 

soil surface after crop harvest as well as potato peels on compost heaps. 

Resting spores of the pathogen have been detected in dust on windscreen of 

automobiles exiting from such areas (Hampson, 1996). 

_ From the above description of dispersal i!!-9.r by soil the following three 

stages of dispersal become evident: · 

' (i} Contamination of soil: The soil receives the pathogen by gradual spread 

of the pathogen from an infected site to new sites, by introduction of 

contaminated soil into new pathogen-free soil and by transfer of infected plant 

debris or seed. · 

(ii) Growth and spread of the pathogen in the soil: Once the pathogen has 

reached soil it can grow and spread in the soil depending on several fact?rs. 

~xcept adinomycetes, other plant pathogenic bacteria rarely grow_or multiply 

1n soil. Phytonematodes also are obligate parasites and do not multiply outs,~e 

or away from their host. Only fungi have some possibility of growing in s?~I. 

· The factors that determine the possible multiplication and spread ore specific 

characters of the pathogen, presence of susceptible hosts, and th~ moder~ 

lec~~ology ~f inte_nsive cro~piiig. _Among chara~rs o! the JX'.~ogen 
1:;:i~~-

. ability to soil environment including saprophytic survival ability a~e h 

Portant. Survival ability . in turn is governed by such factors as hdigh gro~I 

d 
' ' d · t· I ment an potenha , 

rate an rapid spore germination goo enyma ,c comp e b h 
' ·b· · d ed y ot er 

capacity to produce antibiotics and tolerance to anti ,otic~ prob ~t h I t 

soil microorganisms. On the basis of this competitive ~urv1val a '. ,ty,_, t defp anl-

h 
. . . d f I . tes unspec1a ,ze acu 

pat ogens · m soil can be spec1al1ze acu tative por~s,_ ed' c I • ·t 
t · . Th ,al,z racu tahve paras, es 
attve parasites and obligate parasites. e no~·spe<: ·i . · oil S ecialized 

(viz. Pythium and Rhizcctonia) can pass their ehh·r\~ ei~ns;il i~ :bsence of 

fhocurtative parasites -(or soprophyte~)dcon fhss_ t h::t ~lant. Examples of such 

t e host but 'depend more on the res, ue O t eir . 



path~en~ are Armillaria me/lea, Ophiobolu~ gramm,s, Phymatotrichu 
omn,~oru~ an~ most other root inhabiting fungi. The soil-borne obligQ: 
parasites m this category ore few such as Plasmodiophora brassicae and 
Synchytrium endobioticum. Nematodes and viruses also-come under the sarne 
category. For the activity of these obligate parasites the presence of active host 

.• t9r· soil borne vector in case of viruses) is essential. · 
· · .!' (iii) Persistence of the pathogen: This aspect of dispersal has already been 

discussed under survival. . · 
The above three stages help a pathogen to enter the soil and it may grow 

aid spread in the soil. However, since the soil is likely to be disturbed and 
displaced they are mostly spread by the soil. During cultural operations in a field 
soil is moved from one point to another within the field by agricultural imple
n:'ents, workers' feet, erosion, etc. Propagules are thus spread throughout the 
field. There is evidence thc:it when in attempts to pulverise the soil excessive 
tilling is done, sclerotic of fu~gi and root bits containing roots pathogens are 
distributed all over the field. Movement of farm implements and animals from 
one field to another or from one farm to another may likewise transport the 
contaminated soil and contaminate the pathogen-free soil. However, this type 
of dispersal is highly erratic. 
. The most important method of dispersal· of pathogens by the soil is transfer 

of soil from one place to another along with plant parts and propagating 
materials. Thus, transfer of papaya seedlings from a nursery infested with 
Pythium · aphanidermatum or Phytophthora parasitica (stem and foot or root 
rot) can introduce the pathogens in new pits for transplanting of seedlings. 
Grafts and seedlings of fruit trees transported with soil around their roots can 
transport pathogens present in the nursery to the orchards. Root rot and 
gummosis• of citrus (Phytophthora parasitica, P. palmivora and P. citrophthora) 
and collar rot of apple (P. cactorum) are examples. Most commercial nurseries 
are infested by these pathogens. Dispersal or spread of root knot to fields 
'Nhere vegetables had not been grown or of clubroot of cabbage (Plasmodiophora 
brassicae) by use of seedlings raised in infested .nurseries is a common phe· 
nomenon. Soil adhering to tomato seedlings is one of the most important 
means of introduction of root knot in new fields. By this method, pathogens 
are spread not only locally but also to far distant places. 

Seed as Source of Autonomous Dispersal: The seeds serve ·as medium of autono· 
mous dispersal of pathogens in the same manner as the soil with th~ difference 
that seeds are dormant structures of the plant and rarely a fungus o~ any other 
~ogen survives_ or exists in active form on them. Since most of the cultivo11 
field crops· are ra1s_ed from seed the transmission of disease and transport 0 

pathogens by seeds has significant importance for the farmer and also for the 
plant pathologist. · . . f 
. The dormant structures of the pathogen .(viz. seeds of Cuscuta, sclerotto 0 

ergot fungi, cereal grain cockles and cysts containing nematode larvae, srriut 



bolls, etc.) can get mixed with seed lot and et d· · . 

The bacterial cells and spores of fu . g ispersed as seed .contaminants. 

. smuts of barley: sor h ng, can be present on the seed coat, such 

~~~~orly, the dormant my!1~: :~d' 0nd 
be traQ_~pQrted to_ long ~ist~nces_. 

h eed and go undetect d d ~pores. may pe present in the interior of 

t e s . . . e an . tran~portecJ. . 

As in the so1l-d1spersol, the first stage in dispersal b . ed · th t · 

nation of the seed. In the dispersal of the weed C . y ~e th is ~dcon famth1-

. d th h . · uscu,a e see s o e 

para~1te an e 0st get mixed du~i~g ~arvest of the crop. In many crops the 

,denhty of the s~eds of t~~ . two entities 1s difficult to separate. In ear cockles 

of wheat (Rathay,bacter_ fr,t,~1), smut of pearl millet (Tolyposporium penicillariae), 

erg_ot of_ c~r:°ls ( Clav,ceps purpurea) and ergot of pearl millet ( Claviceps 

fus1for1:11s) it 1s easy for the c?ckles; smut sori and ergots to mix with the seed 

lot during harvest and threshing. In many smuts such as Karnal·buntof wheat 

fNeovossia i~dica), bunt of rice (Neovossia horrida), leaf smut of rice (Enty/oma 

oryzae) the infected kernels and pieces of leaves bearing smut sori are mixed 

vlith the_seed. In ma~y downy milde~ diseases (Peronosclerospora, Sclerospora) 

and whire rust (Albugo candida) the pathogens produce oospores in tissues 

of pods and these may go with the seed if the latter are not cleaned. In all 

these examples the pathogens move with the seed lot as separate contaminants 

without being in intimate contact with the viable seed. · · · 

Close contact between structures of the pathogen and seeds is seen in 

diseases like loose smut of wheat and barley, covered smut of barley, · and 

sorghum, stinking smut of wheat, Phoma blight of eggplant (Phomopsis vexans), 

Ascochyta blight of chickpea (Ascochyta rabie,1, bact~ial blight of cotton 

(Xanthomonas axonopodis pv. malvacearum), bacterial leaf blight of rice 

(Xanthomonas o,yzoe) and many bacterial diseases of beans.where the patho.: 

gen gets lodged on the seed coat during growth of the crop or at the time of 

harvest or processing of seed through dust. It may penetrate the seed coat. In 

l()Ose smut of wheat ( Ustilago segatum triticij there is blossom infection and the 

/fungus penetrates the embryonic tissue where it oecomes dormant. In Phoma 

blight of eggplant the pathogen enters the se~ in. ill.fec_ted fruits ta dif!e~ent 

depths} even upto the embryo. In Ascochyta. blight of chickpea also a s1m1l~r 

situation is seen. In black arm and blight of cotton (Xanthomonas axonopod1s 

pv. molvacearum) the bacteria in infected bolls move along the fuzz .a~d reach 

. the seed. During delinting process the bacteria from the ~ zz cont~mmate !he 

healthy seeds also {secondary contamination). In bacteraal leaf blight .9f r!ce 

(Xanthomonas oryzae pv. oryzae) the bacteria are present in the seed which 

, may produce diseased plants in the nursery (the kresek phase) ~n~ spread th~ 

disease in the field. The infected seeds also release the bacteria into the soil 

for soil dispersal. Bacterial pathogens of bean may be transferred to he.althy 

.seeds with the dust during threshing. . . . 

. More than 100 plant viruses are transm,~ed by !rue seed. Seed ~ransm1s-

s1on is not necessarily a quality of the particular virus. The same virus may 

/ 



e seed-borne in one host and not in others. Most nematode-transmitted , 

olyhedral viruses show low to high percentage of seed transmission. There is 

10 phloem connection between embryo and the mother plant. Thus, phloern 

imited viruses and also the MLOs that are transmitted only by phloem feeding 

eafhoppers cannot reach the embryo and are not seed transmitted. Even if 

hey persist in the seed coot (having vascular connection with the mother plant) 

they do not infect the seedlings because they are not mechanically transmitted. 

The viruses that are carried .. by embryo persist as long as the seed remains 

viable. Seed transmission of viruses also occurs_ on · seed tissues outside the 

embryo. Immature seed coat, consisting of the integuments and nucellar rel"(l

nants and also the perisperm are part of the mother plant and subject to 

systemic invasion by viruses. However, viruses susceptible to desiccation are 

not transmitted in this manner. 

TABLE 1: Some Seed and Pollen Transmitted Viruses. 

Virus Host Seed trans- Pollen·= 

mission (%) transmission 

Arabis mosaic Copse/la . bursapastoris 6-33 · No 

Cacao necrosis Phaseolus vu/goris 1~24 No 

Cherry rasp leaf Chenopodium quinoa 10-20 Yes 

Mulberry ringspot Soybean 10 No 

Raspberry ringspot Strawberfy 50 No 

Strawberry latent ringspot Mentho arvensis 70 No 

Tomato ringspot Soybean 76 No 

Cowpea mosaic Cowpea 1-5 No 
Cowpea mottle Cowpea 10 No 
Squash mosaic C.ucurbits 1-94 No 
Alfalfa mosaic Lucerne 10-50 Yes 
Bean yellow mosaic Pea 10-30 No 
Bean common mosaic .,,,. Beans 83 Yes 
Cowpea aphid-borne 

mosaic Cowpea 0-20 Yes 
Cucumber mosaic Cowpea 4-28 No 
Pea seed-borne mosaic · Pea 30-90 Yes 
Soybean mosaic Soybean 0-68 No 
Barley stripe mosaic Barley 15-lOO Yes 

Cucumber green 

mottle mosaic Cucumber 5-8 Yes 

Tomato mosaic .,., Tomato upto 94 Yes 

Apart from some viruses, th~ potato spindle tuber viroid is aJso transmitted 
by pollen although it is not epidemiologically of any importance. · 

i 
The growth and spread of the pathogen in seed-dispersal depends 011 

weather conditions for development on the seed coat or.for embryonic rnfec-



. d the frequency of use of infected or infested seed in the same field 
t1on an . d eed edl ed b ·1d f · · · f tarruna~e s_. s_ore repeat Y us ui up o moculum continues and 
lh:on athog~n gets welJ established in the field, well distri~uted in the locqlity 

~ndpin the subsequ~nt seed lots produced in the loc.ality. _ 

Persistence of the pathogen . in ~e seed was discussed under survival. 

Although the seed may not remain v1a~le f~r so many yea~s! pathogens being 

carried by them are known to remain viable for surpnsmgly.:_ long period 

rotected by the seed coat. In many pathogens even the externally seed-borne 

;tructures such as smu! spores can persist for many years due to their inherent 

capacity for long survival. The spores of Tilletia tritici (stinking smut of wheat) 

rernain viable even after 18 years and those of Ustilago avenae in oats for 

13 years. · . · 
Seeds of cultivated crops and some other plants are distributed mainly by 

man and sometimes by other animals. Thus, these are the main agencies of 

dispersal of the pathogens through seed. By getting mixed with the seed or 

establishing itself in or on the seed the pathogen manages its own transport. 

The distinction between such terms as seed-infection, seed-infestation and trans

port or tronsmission by seed must be recognized in this context. As the term 

"infection" implies that the seed is infected only when the pathogen has grown 

in or on it and has established its relationship with the seed tissue. On the other . · 

hand, in all those examples where the fungus or other pathogen is present on 

the seed coat and in the seed lot it is only transport of the pathogen and the 

seed is infested. 
The Plant and Plant Organs as Means of Autonomous Dispersal: The third method 

of autonomous dispersal consists of pl~nts, plant parts other than true seed 

that are used for vegetative propagation, raw garden produce and plant 

debris that accumulates during the course of cropping. The classic examples 

ore almost all the virus and viroid diseases of vegetatively propagated crops 

(potato, banana, citrus, etc,), late blight of potato and citrus can~er. All 

fastidious prokaryotes in vegetatively propagated plants are also transmitted by 

. ropagating material. · . . . 
'1'1~e late blight of potato (Phytophthora infestans) ongmated m Centro~ 

M~x,co where potato was first domesticated. The host a~d the p~th~en co 

existe~ in that area. The migration of the pathogen outside Mexico firSt too~ 

place in 1842 to the USA and probably simultaneously to Europe. The P0th0 

· I · d t d by constant 
gen is seed-tuber borne. The tuber-borne inocu um is es roy_e . k 

exposure lo high temperature for several days. During the p~n°1 when quic 

means of ocean transport were not available the tubers earned rom. ~hico 

to the cold climate countries were automatically disinfected by ~quaftona eat. 
W·th th · . . rt d use of ice or storage, 1 e mtroduchon of quicker ocean transpo an . I • 
t~e pathogen was facilitated to reach the northern hemisphe_re wtth0ut osmg 

viability. , .. 

C. d. ·t ·) · · ated in south-east 
itrus canker (Xanthomonas axonopo 1s pv. c, n ongm 



Asian region. Citrus also originated in these area·s. The movement of citrus 

seedlings and grafts from this region to South Africa and Florida (USA) in the 

first decade of twentieth century introduced the disease in these countries 

where it became destructive. Similar introductio~ of the disease ~ith planting 

material into Australia is also reported. Potato viruses are transmitted by seed 
tubers. Potato was introduced into Indio between 1870 and 1880. Possibly the 
viruses were also introduced with the seed tubers from outside. The late blight 

fungus, (Phytophthora infestans) and potato wort fungus (Synchytrium 

endobioticum) were also· similarly introduced . in Indio. 

The phloem-limited bacterium of citrus greening disease (Liberobacter 
asiaticum) and other fastidious· xylem-restricted bacteria (Xylella fastidiosa) are 

transmitted by vegetative propagation of the host. In sugarcane, the bacterium 

of rotoon stunting disease {Clavibader xyli subsp. xy/,1 has no ·other method 

of transmission except the cane cuttings used for seed. · 

The contamination of plants and plant parts occurs in-the fiel~s, orchards, 

plantations, or nurseries through infection of the plants by the inoculum al
ready present there or· introduced from outside. Sometimes infection or con· 

·tamination of the propagating materials, such as tubers and bulbs, occurs 

_during storage where proper precautions to remove infected materials have 
not been token. 

PASSIVE DISPERSAL 

The passive dispersal ~f pl~nt pathogens· is acco1J1plished through the 
o~ency _of mem~ers of animal kingdom (man, insects,-nematodes, farm and 
wild_ animals, birds, etc.)_ and air and water (irrigation and rains). 

DISPERSAL BY MEMBE~S OF. ANIMAL KINGDOM 

~ Ii) M~n: The most highly evolved member of the animal kingdom, man, can 
· be considered as one of the most important single factor affecting d· al of 

~an~ pothjens in_~ _limited area or over long areas throughout ir::rld. 

e ay-to- 0 y .~chvthihes of man in normal farming practices and his trade or 

cof md~erce a_d,vit,es -at are helping dispersal of pathogens and introduction 
o 1seoses m new areas are: 

'(lt) Vegdetative propagation of ornamentals, fruit trees tuber crops like. 
po,a o an sweet potato and plantar l"k b ' . 

h. hi ff• • t ' f . ,on crops ' e onana and sugarcane ,s 
a ,g y e . ,c,en means_ o introducing a disease in new. areas In de ending 
on vegetative propagation for such crops man · · bl h I · d" p I b 

. th d" eel . mvana y e ps isperso y 
mov,ng e ,seas propagating ~aterial of plants from field to. field orchard 

to orchard and fr?m o~e geographic region to another. Late bli ht (Ph ' hthoro 
infestansJ, bactenal wilt (Ralstonia solanacearum) and viru g f taytop t 

11 d" (Ct ·ba I' b ses o po to ra oo 
stuntinhg ,sease_ QVI dc~h-o/ I suksp.(·xym and mosaic of sugarcane, banana 
bunc y top virus an ,goto a Cercospora musae}, citrus conker 



(Xanthomonas ax°'!opodis pv. citr,] and many diseases of grapevines ore some 

of the examples. Citrus canker originated in South-east Asia and was carried 

by propo~tion material to USA and South Africa. Its recurrence in USA and 

Australia after eradi~ation is o}so attributed to import of infected propagating 

stock. The ~wny mild~ of grapevines (Plasmopara viticola) originated in 

North· Amenc~ a nd wa~ mtroduced into Europe with the introduction of the 

~anting motenal. Same IS ~ for the powdery mildevi of grapevines ( Uncinula 

necator). Role of commercial nurseries is very important. The nurserymen who 

do not care lo folb.Y proper hygienic methods distribute infected or contaminated 

seedlings, grafts, etc. Jo growers and thus supply the in~lum of pathogens 

also. , · 

(2) nie seed tra~ is another means of dispersal of pathogens in which man 

plays the most crucial role. There is a close relationship between pattern of 

seed trade and that of dispersal of pathogens (autonomous as well as passive). 

The import_ and export of contaminated seed without proper precautions ( cer

tification and quarantine) has caused entry of pathogens from one country to 

another. Entry of soybean and sugarbeet seed from abroad had introduced 

certain fungal pathogens that were not present in India. Kamal bunt (Neovossia 

indica) was endemic to India. Movement of wheat seed for _experime·ntal 

purposes-.caused its detection in Mexico and some European countries. Within 

India also this disease has spread to different states _ all over _ the country 

through seed. The sale of seed from crops badly affected by a s_eed-bome 

pathogen or disease is a common method of dispersal of such other destructive 

. pathogens as Ustilago segatum tritici (loose smut of wheat), Sphacelotheca 

sorghi {groin smut of sorghum), Claviceps fusiformis (ergot of pearl millet) and 

Anguina .. tritici (ear cockle of wheat) and yellow ear rot (Rath(?yibacter friticij. 

(3) Spores and other structures ~f fungi, bacterial cells in ooze, and even 

viruses can be carried by workers' clothings, shoes, hands, etc. from plant to 

plant and from field to field . 

. (4) The use of contaminated implements, cutting knives, etc·. help in trans-

mission of many soil-born~ and other pathogens on~ ~lso the po~oge~s 

f)resent in tubers, sugarcane cuttings, bulbs,_ e~. Trans'!11ss1on of bodeno_l_ wilt 

(R. solanacearum) ring rot ( Clavibacter m1ch1ganens1s subsp. sepedomc~s), 

bacterial wilt of ~no (R. so/anocearum) by cutting knive or matchets dunng 

plonfing and in banana wilt during harvest of fruit bunches is well_d~umented. 

The_ ratoon stunting bocteriull} has no other means of transm1s~1on except 

dunng harvesting by cutting tools. · ·bl 
(5) Ma · ·bl fo read of almost all the graft transm1ss1 e 

n 1s respons1 e r sp d· sed I · th t 
di~ .. -- Grafti d budd. between healthy and 1sea p ant 1s e mos 
~- ng an ing f fr · t C I 

eCL •· thod f d . •b t· f virus pathogens o u1t rees. are ess 
11ecttve me o 1str1 u ,on ° · h d· 

c: ... J __ •• f- k d . f citrus is known to transmit sue 1seoses 
~,on o rootstoc an scion o 
as triste d th . . 

za an o er viruses. . eecf runing harvesting and 
(6) Cultural operations such as hoemg, w mg, P ' 



. fr . . he orchards all carried out by man, not only transmit 
P?ckmg o

6
f utts m tb tw th: plant and the contaminated tools and bv diseases y contact e een f h b t I , ·d· d the plant for easy entry o pat ogens u a so in Prov, mg woun s on . t th k· - h th to long distances as contamman son e pac ing transporh ng t e pa ogen 

cases or crates. - t f d· . 
(") 1 t . N t to man insects are the most important agen s o 1ssem1• 11 nsec s. ex · , b · fu · II 
t. f I t pathogens They can disseminate actena, . ng1 as we as no 10n o p an · · · f I · · b t re most closely related to the transm1ss1on o pant viruses. v1 ruses u a d • r h · · · Some bacterial pathogens exclusively depen ~n ,~sects ror t . eir ~urv1val 

and transmission. The example is Erwinia trach,eph,la (cucurb1t wilt). The 
striped cucumber beetle (Acalymna vittatum) and t~e II ~-spo~ed cucum?er 
beetle (Diabrotica undecimpunctata) carry the ba:tenum in t~eir body during 
the winter. The primary infection of the crop during the. spring a~d summer 
is initiated by feeding of these insects on .the new crop. Later, these insects help 

. in secondary infection also by feeding on diseased and healthr plants ~nd 
inoculating the bacterium in the vascular bundles .. Th~ corn wilt ~actenum 
(Pontoea stewartii subsp. stewartii) is present in the intestinal tract of its vectors 
Diabrotica undecimpunctata and Chaetocnema pulicaria (the corn Rea beetle). 
These insects disperse the bacterium over long distances. The bacterium survives 
through winter in these insect vectors. ~ ack leg of potato (Erwinia carotovora 
subsp. atroseptica and subs. carotovora) is seed and soil-borne but insects also 
help in its transmission. A maier source of inoculum of these bacteria is the 
p~tato cull piles ·left a~ound the potato fiel~s and discarded rottin~ t~bers in 
kitchen waste~ These sites are common habitat of maggots and fruit ff ,es. The 
bacteria can live in the body of all stages of seed corn maggot (Hylemya 
platura). The fruit fly (Drosophila melanogaster) is another host and vector of 
these bacteria. Jhe7 ire blight of pear and apple (Erwinia amylovora) is 
transmitted by bees feeding o~ diseased blossoms and then visiting healthy 
b!ossoms. Spread of citrus canker is facilitated by citrus leaf miners (Phyllocnistis 
c1tr~II~ and_ Thoscon~rsa citri): The fastidious xylem-limited bacterium, Xylella 
fastJd,osa, 1s transmitted by ,ts vectors in a permanent manner. The adults 
acquire and con immediately transmit the bacteria and continue transmitting 
them throughout their life. Nymphs also acquire the bacterium but lose it after 
molting. This is because the location of the bacteria in the insect body is the 
foregut w_here the~ are attached to the lining of the esophagus. This lining is 
sh~ during mo~hng. lne ML~ aius_ing purple top roll of potato is ver~ 
eff,oently transmitted by Alebro,des n,groscuteJLatus which itself gets infected by the MLO. 

~he bacterium-vector biological rela!ionship is often of mutualistic syrn~ 
biotic type. The apple maggot (Rhagolet,s pomonella) carries a Pseudomonas, 
that also attacks apple fruits, as an external and internal conta~inant. The 
maggot cannot develop ~ormally in absence of the apple tissue rotted by 
the bacterium. The bacteria are introduced as contaminants on the surface 



of the eggs_ t~rough oviposition ~ounds at the time of egg laying by the 

insec!- Er_w,n,'! caroto_vo~a causing soft rot of vegetables has symbiotic 

relationship with several mse_cts such as black onion Ry (Tritoxa flexa) , the 

onion maggot (Hylemy? ant,qua) and the iris bore (Macronocfus onusfa). 

The larvae of black onion fly and onion maggot do not survive on sterile 

onion tissue and require Erwinia carofovora to breakdown the tissue and 

provide nutrients which are otherwise not available to the insect. These 

inse~s deposit externally contaminated eggs and larval feeding provides 

wounds for entry of the bacterium. 

Insects are important media -for dispersal of several fungal pathogens of 

plants. Although the dispersal is accidental it has the chief role in spreading 

those diseases in which the pathogen produces sugary and sticky substances. 

Thus, in ergot of pearl millet the honey dew stage attracts insects and conidia 

get smeared on their body parts. The same insects visiting healthy ears infect 

the healthy Rowers thus spreading the disease. In the Dutch elm disease 

( Cerafosfomella ulm,l the spores are dispersed exclusively by insects. Insects also 

play important role in dissemination of fungal and bacterial pathogens infecting 

underground parts of the plant in the soil. In addition to their role in dispersal 

of inoculum, the insects are an important agency of bringing about diploidization 

of the haplo.id stage of rusts and rriany other heterothallic fungi. 

The most important role of insects in dissemination of pathogens is in the .. 

virus diseases of plants. A vast majority of virus diseases are exclusively 

transmitted by insect vectors. Largest number of vectors hav~ sucking mouth 

parts (order Homoptera) such as aphids (Aphididae), leafhoppers (Cicadellidae), 

plant hoppers (Delphicidae) and white flies (Aleyrodidae). In addition, thrips 

(having rasping and sucking mouth parts) in .order Thysanoptera and mites 

(having puncturing and sucking parts) in the order Acarina are also vectors 

of some viruses. The beetles (Coleoptera) and caterpillars which have biting 

and chewing mouth parts mostly tra·nsmit some viruses only accidentally and 

mechanically. These insects while sucking the plant sap ingest the virus particles 

also. The acquisition feed oo acquisition feeding period is the time for which 

a virus-free vector actually feeds on a virus infected plant to acquire the virus. 

While feedi.ng on healthy plants the virus is transferred to the healthy sap. 

Inoculation access-period is the time for which the vector, after acquiring the 

virus, is allowed to feed on a healthy plant and transmit the virus. The vectors 

may become viruliferous immediately after feeding on a diseased plant or the 

virus may require an incubation or latent period in the vector body where it 

multiplies to achi_eve infective concentration. The insect vector after acquiring 

the virus may serially transfer the virus in many plants on which it subseque,ntly 

feeds or it may lose infectivity after feeding only once on a healthy plant. In 

non-persistent viruses, the acquisition and inoculation feed period are usually 

short and there is no latent period. In persistent viruses the relationship is 

highly specific and there is on intimate biological relationship between the virus 



d the vector. After the vir.us is acquired by the vector it usually pass ~hnrough the alimentary canal, gut w~II and circulates _in the body Ruid ~efor reaching the salivary glands when 1t can be transmitted. Thus, such v1ruse 
have a latent period in the vector. . 

Most insect transmitted viruses are not transmitted by nematodes. The sarn insed species can tran_smit sever_al viruses or only one kind of vir_us. Si,:nilarl a particular virus can be transmitted by only one or_ ~everql species of insect Often different strains of the same virus have specific vectors. The specifici of transmission is due to (i) location t>f tne virus in the host tissues and th depth upto which the vector ·can probe and feed and (ii} presence of sorn transmission factor in the plant which enables the vector to pick up an transmit a specific virus. The viral coat prot~in may have some role as it ha been reported in fungal transmission of viruses. Viruses trans~itted by leafho pers (phloem feeders) are generally not transmitted by aphids. 
(iii) Nematodes: Nematodes are soil-borne organi_sms. Although they ar closely associated with many fungal and bacterial diseases of roots~ the ass ciation is mos~y for pre-disposition of the host and aggravation of the dis ease. Because ·of therr limited mobility after,,, they start parasitic action on plant they are incapable of carrying the fungus ot bacterium to other plants Among bacteria\ diseases the best examples is that of yellow ear rot of wh caused by Rathay,bacter tritici. The nematode causes the ear cockles or galls. The bacterial yel\ow ear rot cannot develop unless the nematode i also present. The nematode acts as a vector of the bacterium as a surfac contaminant in the galls. There is involvement of an attractive force of con siderable magnitude between the . cuticle surface of the nematode and th bacterial tell wall. · 
_Many soil-borne viruses are known to be transmitted by nematodes. Al though ne~atodes ~ad long ?een susp~ ted as possible vectors of plant vi ruses, the first experamental evidence of this relationship was reported in 195 for grapevine fan leaf virus transmitted by Xiphinema. Since then more tho J 8 plant viruses are reported to be trdnsmitted by about 21 species of nemo todes. These nematodes belong to four genera of the same group Dorylaimoidea. The nematode genera are Xiphinema, Longidorus, Trichod . and Paratrichodorus. ilhe longidorids are relatively large nematodes and tronshl1 

the isometric (polyhedral) NEPO viruses. The Trichodorids transmit the tubulo viruses of the Tobraviruses group also known as NETU viruses. The nematode transmission of viruses resemble t~e transmissio~ by insects. There is acquisition feed time and inoculation feed h~e and the ~1r~ses_ are retained_ i~ the bode f th ectors for different durations. Transm1ss1on 1s equally eff1c1ent by !h od I e v d the iuvenile stages of the nematode. While in insect vectors feJin9 ~ u ts an h diseased plant is important !or a~quisition of the virus by th~ time o~ t e d vectors the time required for access to the healthy plo~ vector, tn n~mato de \ant is important. The site of virus retention varies 
1
~ from the disease p 



d·fferent nematodes. \n Longidorus the virus particle f d . th f I 

, . of the guide sheath of odontostylet I x· h. s arhe oun in e cu ,cu or 

lin1nQ f th od I d . · n 1P memo t e particles accumulate 

in lumen ~ 8 
_ ontos!Y etht an .'" the esophagus while in Trichodorus the 

virus particles are seen m e entire esophagus. -

TABLE 2: Nematode Spe<ies Transmitting Plant Virtses. 

Nematode species 

r,,..,- . 
amen can um 

COXI 

diversicaudatum 

La.,mon,s 

index 

italiae 

vuiltenezi 

affenuatus 

. elongatus 

TridlOdor,s 

macrosoma 

cylindricus 

primitivus 

mmor 

similis 

virilife;us 

ParalridJod0111s 

anemone 

allius 

christiei 

nanus 

pachydermus 

porosus 

feres 

' 

Plant viruses 

Tobacco ringspot, Tomato ringspot 

Tobacco ringspot, Arobis mosaic 

(type strain), Cherry leaf roll 

Arabis mosaic (type and hop strains), Cherry leaf 

roll, Strawberry latent ringspot, Brome mosaic, 

Carnation mosaic 

Grapevine fanleaf 

Grapevine fanleaf 

Cherry leaf roll 

Tomato black ring (English and Germon strains} 

Tomato black ring (Scottish strain), Raspberry ringspot 

(English and ~offish strains), Carnation mosaic 

Raspberry ringspot (English .strain}, Brome mosaic, 

Prunus · necrotic. ringspot . 

Tobacco rattle (European strain) 

· Pea early browning (English isolate) 

Tobacco 'rattle (European strain) 

Tobacco rattle (European isolate) 

Tobacco rattle (European isolate) 

Pea early browning (European isolate) 

Tobacco rattle (European isolate) 

Pea early browning (European isolate) 

Tobacco rattle (Amefican isolate) 

Tobacco rattle (American isolate) 

Tobacco rattle (European isolate) 

Pea early browning (Dutch isolate) 

Tobacco rattle (European isolat~) 

Tobacco rattle (American isolate) 

Pea early browning (Dutch isolate) 

Tobacco rattle (European isolate) 

Specificity of transmission also occurs. Differe~t strains of the sam~ virus 

are often transmitted by different species of the same nemqtode genus. Site of , 

retention or accumulation of the virus in the vector is responsible for some 



. . ecific adsorption of virus particle~ f •fi ·ty but more important is sp degree o spec• ci d · by linings of the nematode bo y. dd"f to man insects and nematode other (iv) Dispersal by Other Animals: _ldn at 1'1 ,o~ransmit , plant pathogens. Although . I n also acct en a y . th b"· d feed• larger ammo s. ca . k. the ossibility does exist at ir s mg on experimental evidence ts lac tngh P t distances not ordinarily covered by insect vectors can !rans'trt fat ogenb 
0
birds carrying them on their feather the vector its_elf. D,sped~ O srrfs ; nerogamic parasites by birds is an is also possible. The ,sp~rso 

O
b P :s of Dendrophthoe deposite the seed established fact. Birds fethedmg on Setrn fragments of dodder (Cuscuta) are ·th th · creta on o er trees. em d w, . ear e~ . th . nest and thus these get tronsporte to new corn~ by bodirds for pdrefupa~bemg . eiranimals can also be source of transmission locations. R ents an r orang . . d r dd ft f h A mmal cattle feeding on contammote ro er o en 

o pat ogens. mong ma d h. h ct f ss out viable fungal propagules in the ung w IC c~n a as source 0 rnoculum when used as manure. Thus, conidia ?f Co//etotnchum fu/ca~m (red rot of sugarcane) and sclerotic of many fungi have been detected m cattle dung. 

Dispersal by Fungi and _Phanerogamic Plant Parasites 
Fungi growing in soil are suspected to carry bacterial c~lls ext~rn~lly and put them in roots of susceptible plants. However, the most mte~eshng m~eraction is between certain fungi and soil-borne viruses. Many soil-borne v1ruse_s are transmitted by members-of Chytridiales and Plosmodiophoroles of fun~1. The established species number five. There are also reports of virus transmission by Oomycetes, Erysiphaceae and Pucciniaceae. The chydrid fungi are characterized by the size of posteriorly uniflagellate zoospores which have o characteristic "ierky'' swimming pattern, and by the morphology of their singlecelled resting spores. The plasmodiophorales have biRagellate, heterokont zoospores. 

The fungus-transmitted viruses generally comprise of heterogeneous groups with respect to their usual properties. Two types of virus-fungus relationships are rec<:>9nized ?" the basis of -method of virus acquisition and by the locoti~n o_f the virus part1cl~s _relative to the fungus resting spore. The in vitro tran_s~iss1on method ( 0/p,d,um brassicae x tobacco necrosis virus} involves in v,t~o a~quisition,_ in_ which virions are not located within the resting spores. The ,n ~•vo_transm1s~•?~ me~od l~lpidium brassicae x lettuce big vein virus) inv~lves ~n vivo acquis1hon, m v:'h1c~ virus enters the thallus as it grows in a virus· mfecte~ host, an~ ~e v~rus 1s loca!ed within the resting spores. . e In vitro tr~nsm1ss1on 1s found with two species of Olpidium and with _th polyhedral viruses .. In the transmission of tobacco necrosis virus by O/pidiufT1 brassicae acquisition ~iQs when virus-free zoospores released from rest_in9 spores or from vegetahve sporangia encounter virions in soil water. The vir~s particles are tightly and specifically adsorbed to the zoospore membrane. Th15 
, 



odsorp.tion probably involves receptors in. the ·zoospore membrane and the 

particular c~t- protein ~f the viri~ns. !n the transmission of lettuce · big v~in _ 

virus by Olp1d1um brass,cae the virus 1s taken . in by the fungus tharlus wh,le 

it is growing in an infected host.· The infectivity of air dried soil is retained for 

B years .. Similarly, soil-borne wheat mosaic virus and barley mosaic virus are 

internally zoospore borne in .Polymyxa graminis and beet necrotic yellow vein 

mosaic virus in Po/ymyxa betae. Unconfirmed transmission of virus like par

ticles from Chenopodium .quinoa by powdery mildew and :rust fungi and the 

transmission of virus to Phaseolus _vulgaris by Uromyces phaseoli and to barley : · 

by E~iphe graminis are also reported. _ · 

Host specialization or host specificity of the fungus pathogen is an important 

characteristic of ·fungal vectors of viruses. Host specialization hos been known 

· i, 0/pidium brassicae. The lettuce, tomato and red clover isolates of the 

fungus are plurivorus and transmit the tobacco necrosis virus to tobacco, tulip, 

bean and potato. More specific fungus isolates from oats, melon and crucifers 

are less efficient or non-vectors .. ·in 0. bomovanus, there are at least three host 

specific strains (cucumber, melon and squash} in the cucurbit group and they 

~ vary in their ability to trCJnsmit different viruses. Spongospora subterranea f.sp~ 

nasturlii is specific for watercress. Some isolates of Polymyxa betae infect most 

chenopodiaceous hosts while others are highly specific for Amaranthus spp. 

~ Portulaca spp. · 

Fungal :vector 

0/pidium brassicae 

0/pidium bornovanus 

Polymyxa grominis 

Po/ymyxa ·betae ,, 

Sponf,ospora subterraneo 

f.sp. su&terranea 

f.sp. · nasturtii 

TABLE 3: rnses Tra ■ s ■ itted ., f11gf 

Virus 

Lettuce big vein, Tobacco ne<:rosis, lobacco stunt, 

Chenopodium necrosis, · Lisianthus necrosis · 

Cucumber .necrosis, Me.Ion necrotic spot, Cucumber 

leaf spot, Cucumber soil-borne virus, Squash 

necrosis, Red dover necrotic mosqic 

Soil-borne wheat mosaic, Wheat spindle streok 

mosaic, Barley yellow .dwarf mosaic, Oat mosaic, 

·Oat golden stripe, Rice necrQsis mosaic, Peanut 

dump, Indian peanut dump, Rice sJripe necn»is 

Beet necrotic mosaic, Beet soil-borne virus - .-

Potato mop top virus 

Watercress yellow spot; Watercress chlorotic leaf 

spot 

The phanerogamic plant parasite dodder (Cuscufa spp~) is a total stem 

~rasite of crops and fruit.and roadside trees .. It establishes parasitic relation

ship with plants through haustoria sent into the xylem and phloem of the host. 

Many viruses and the phloem-limited ci~rus greening bacterium (Liberobacfer 
. -



asiaticum) have been shown to be transm~tted by d~der (cf. Singh, 1998). Through the haustoria the do_dder. stems pick up the varus from the plant ~nd when these stem pieces are dispersed and lodged on ne~ ho~t pla~ts the virus or other pathogens are transmitted to th_e new plant_ dunng m~echon by dodder. In plant species where vascular union by graftmg has failed to transmit the virus, dodder has been succ;:essfully used to act as a bridge between diseased and healthy plant vascular bundles. Many viruses can multiply in dodder. If this multiplication occurs and if the receiver (healthy) plant is kept in dark transmission by dodder is more efficient. Tobacco rattle virus (TRV) is transmitted by at least 6 species of Cuscuta and there is also infection of the dodder. Cucumber mosaic virus (CMV) is trans-. mitted by at least 10 species. The_ virus infects th~ vector and multiplies in it. White dover mosaic virus can infect dodder and transmission can also occur. The alfalfa mosaic virus occurs in at least' 5 species of Cuscuta. Beet yellows and beet curly top viruses are also transmitted · by dodder. Cuscuta species transmit the tomato mosaic virus in winter but not in summer. Aphids can pick up a virus from dodder established on a host. 
TABLE 4: Same Other Viruses Transmitted by Dodder ((11s,ula spp.) 

Virus · 

Arabis mosaic 
Barley yellow dwarf 
Citrus tristeza 
Citrus exocortis viroid 
Cucumber green mottle mosaic 
Tobacco etch virus 
Potato leaf roll 

Cuscuta spp. 

C. subindusa, C. californica, C. campestris C. compestris 
C. americana (unconfirmed} 
C. subindusa 
C. subinclusa, C. lupuliformis, C. campestris C. califomica, C. lupuUformis 
C. subindusa 

Dispersal by Water 
Water provides for short and long distance dispersal of fungus, bacterial and nematode pathogens. Direct dispersal by running water is restricted to the distance covered_ by the Ho':'. B~t indirectly, water helps in long distance dispersal of fungi and bactena with the help of air. Dissemination of the red rot fungus ( Colletotrichum falcatuml, wilt causing fungi (Fusorium spp.), boc· terial blight of rice (Xanthomonas oryzoel, root and collar rot pathogens (Pythium and Phytophthor~ spp.) that survive through dormant or active stru~tures in soil or plant debris may occur through the agency of. water flow ,n the field. Passive movement of nematode larvae is also facilitated by flowing 

wa~r. f th very efficient methods by which rains spread plant pathogens . ,nehod. e l Rain drops or water drops falling with force from sprinkler 
15 spas 1spersa. 

. ./ .. 



irrigation on sori, pustules, cankers, bacterial 
00 .

1 
_1 

h I · 11· d I ze, or even so, surrace may 
Splas propagu es in sma . rop ets and with th h I f . bl 

I d · hb · h · e e P o air currents ena e them to an on ne,g ounng ealthy susceptibl fa u, d ·ed I d· ta b • e sur ce. vvater raps may be earn to ong is nces y air. Often the wate d fall· ba . I 
th h rfa fo , r raps mg on ctena ,T\asses on e .ost su_ ce rm drops full of ba ., · I II Wh th · ''' th f II c,ena ce s. en e water 

evaparotes e mass o ce s protected by slime rorms a I th t d· 
th ba · I . Ji eroso s a can . 1s-seminate e ctena to ong distances. · 

In many fungi, the spores a~e embedded i·n a matrix and can not take off 
unless wett~ by water. The ram drops help liberation of such spores into air · 
currents which .~arry them to other locations. When spores are present in the 
atmosphere, rams wet them and bring them down to host surfuces by trapping 
them. 

Dispersal by Air 

Unlike soil, insects and, perhaps, water air is not a habitat for any kind of 
plant pathogen. It act only as · a carrier of propagules of organisms that 
produce structures adapted to aerial dissemination. However, air dispersal is 
the most common method of dissemination whether the pathogen is soil-borne 
or seed-borne, whether it survives through collateral hosts, alternate hosts or 
on early sown crops . . The seeds of phanerogamic plant parasites are carried 

· efficiently by wind. Although viruses ore not directly transmitted by air, the 
speed and direction of blight of their insect vectors is positively determined by 

· wind currents. · 
Wind is most important source of dispersal of some important plant patho

genic fungi. For dispersal by wind the fungus must have certain characters 
adapted to ·conditions in the air. To become air-borne, fungal spores must be 
able to cross the laminar air Aow boundary near the surface of the host. This 
is accomplished by special ·mechanisms in certain fungi. The spore discharge 
occurs with sufficient force ( viz. ascospores of Sclerotinia) to enable them 
cross this boundary and reach the upper air currents. The role of raindrop 
splashes carried by wind was mentioned above. The other. requirements of 
spore dispersal by air is their lightness and number. The spores or other 

'. propagules that are disseminated by wind are usually small and are produced 
1 

in enormous numbers ( viz. urediospores of rust fungi and conidia of powdery 
1
, mildew fungi). Apart from spores, bits of mycelium are also sometimes dissemi-
1 n?ted by wind. Among pathogens _other tho~ -th~se mentioned above, the 
f dispersal of cysts of nematodes with . dust particles m storms also occurs. The 
t- cysts are usually present in the upper soil ~ayer ~n~ during storms the _soil is 
1 removed and carried to long distances. D1ssemmahon of the molya disease 
( !Heterodera avenae) from Raiasthan into neighbouring areas by this method 

is possible. 
;- . In dispersal of fungus spores by-air the altitude reached in ~e atm?_sphere, 
r wind current speed, rate of fall and influence of atmospheric cond1hons on _ 



these factors determine the dispersal distance. The urediospores of the wheat 

stem rust fungus Puccinia graminis tritici are disseminated by wind. These 

spores have been detected at as high as about 4000 m~ters above the infected 

wheat fields. Theoretically, if the spores are at an altitude of around 1400 

· m~ters their dispersal distance in a 30 miles per hou~ -wind would be 1100 

miles and this distance· is covered by the spores without losing their viability. 

Air is so effective agent of dissemination . of rust spores that a little inoculurn, 

- at" least relative to· the amount that develops subsequently, increases in various 

. infection centres, being continuously dispersed by wind until it becomes so 

· large as ·to enable even a new physiologic race of the rust fungus to become 

the most prevalent and widely distributed in a particular region .. In the USA, 

the urediospores of-stem rust are supposed to be blown from the far south 

(Mexico) into Dakota and .Minnesota (in far north) tra~eUing more than 1000 

mile~ in about two days. In Australia the introduction of this rust was suspected 

to be through wind-borne spores from India or elsewhere.· In the plains of 

. northern India the annual recurrence of cereal rusts is· solely due to urediospores 

brought by wind from the souice of their survival in the hills in the far north

west or south. (Nilgiri and Pulney hills). 



;Some plant diseases introduced to India from other countries 

Disease 
I 

I 

Leaflrust of coffee (Hemileia vastatrix) 
I 

L,'e blight of potato (Phytophthora infestans) 

Flag s1nut of wheat ( Urocystis tritici) 

: Downy mildew of cucurbits (Erysiphe cichoracearum) 

Downy milde\\ of grapes (Plasmopara viticola) 

Downy mildew of maize (Sclerospora philippinesis) 

Blast of rice [A(agnaporthe grisea (Pyriculaia 01yzae)] 

. Black rot of crucilers ( .. Xantho,nonas campestris) 

Powdery mildew of rubber (Oidium heveae) 

Black shank of to·)acco (Phytophthora nicotianae) 

Bunchy top of ba:iana (viral) 

Hairy top of apple ( viral) 

Hairy top of apple (viral) 

Crown gall of apples and pears (Agrobacterium 

tumefaciens) 

Wart of potato (Synchytrium endobioticum) 

Onion smut ( Urocystis cepulae) 

Bacterial blight of paddy (Xanthomonas campestris 

pv. oryzae) 

Golden nematode of potato (Heterodera rostochiensis) 

Country from 
which transported 

Sri Lanka 

England 

Australia 

Sri Lanka 

Europe 

Java 

Sri Lanka 

Java 

Malaya 

Netherlands (Holland) 

Sri Lanka 

England 

England 

England 

Netherlands (Holland) 

Europe 

Philippines 

Europe 

Year of 
introdL·ction 

187'. ) 

1883 

1906 

1910 

1910 

1912 

1918 

1929 

1938 

1938 

1940 

1940 

1940 

1943 

1953 

1958 

1959 

1961 



Some plan~ diseases introduced to so~e other countries 

· 

1 

Country from Country to Disease 

Late blight of potato 

(Phytophthora infestans) 

Powdery mildew of grapes 

( Uncinula necator) 

Downy mildew of grapewine 

( Plasmopara viticola) 

Golden nematode of potato 

(Heterodera rostochiensis) 

American gooseberry mildew 

(Sphaerotheca morsuvae) 

Chestnut blight 

( C1J1pho11ectria parasitica) 

Citrus canker 

(Xanthomonas ca,npestris pv. citri) 

BJ ister rust of pine 

( Cronartiunz ribicola) 

Fire b]ight of pears 

(Erwinia a,nylovora) 

Rust of coffee 

( llen1ileia vastatrix) 

which transported which introduced 

S. America Europe 

N. America England 

USA France 

Europe USA, Mexico 

N. America England 

Asia USA 

Asia USA 

Europe USA 

N. America New Zealand 

Africa and Asia Brazil 

Year 

1830 

1845 

1878 

1881 

1899 

1904 

1907 

1910 

1919 

1970 



Survival of Plant · Pathogens 

b f th · It· " d ho.st. animate pathogens-~ust find some aften.19Je 

In a sence o etr cu iva,e , . . h h Id 
source of their survival to maintain the infection chain. T e sam_~ -- q __ s_rr_ue 

for viruses~ -these sources of survival of the pathogens_ 5'r the sources.lo~ ,, 

renewal of the infection chain can be grouped as below: i' 

(i) Infected host a s res~r~oir of inoculum _ 

(ii) si,rophytic SI srvival outside the . h~st . . . . 

(iii) Dormant spores and otfier structures in or on the host or outside the 

host. 

The means of survival are the first link in_ the infection chain or the disea~!t I 

cycle. The initial infection thaToccurs .. from these sources in · tJie crop is 9rimar1 ·) 

infection and the· propagules that cause this infection g_re callep primary inoculu~. 

It is also possible that the source of survival (diseased material) may itself be 

used as seed or propagating material. Since this material is already infected,· 

primary infection has already occurred on the _propagating material. Examples 

are viruses of potato and sugarcane and ratoon stunting disease of sugarcane. 

Potato tubers from a virus infected plant are · already infected .. Wh~n "they 

germinate a diseased plant is producec!__After initiation of the disease in the 

crop, the spore~-!?~ _c~~s _ <:>r o_tl,~r _ struc;:tures_olthe__pathogen are sources of 

sec:ondary inoculum and cause secondary infection, thereby spreading the disease 

irl"tte field . In pathogens not producing such stru~~ures {as in viruses, ML.OJ 

resi~ing in the_ phl~m, or ~stidious vascular basterial pathogen.s) the second· 

ary anoculum 1s spread by insect vectors: As dn example,_ the fungus cau~ir,g 

late blight of .potato (Phytophthora infestans) surviv~$. in see~ tubers~ Infected 

tubers bring the primqry _infection in the field.· Then the fungus produces 

spores on leaves. These spores are dispersed by wind and water and reach 

h~lthy ~lant surfaces to cause new infections. This is secondary infection. 

~nm~ry moculum of m~ny pathogens is present in soil and causes· primary 

1nfechon of the crop raised from healthy seeds. The primary inoculum may 

· also b: brought by wind or irrigation water from neighbouring fields or from 

l?ng d,stan~es. Th~n, th~ pa_th_~gen produ_ces propagules for secondary infec

tion. The primary infection m1hates the diseases and the secondary infectio[I 

spreads the disease. > 

I· 
I 
I 
l 
I 

I 



The -methods of survival or perennation d'ff · . · _ · 

Therefore, the survival mechanisms or . d . !_
6
erdwith the type o~ pathogens. 

· . · -. _·_ - e esc_n _e· separately for each group. 

. . SURVIVAL OF-FUNGAL PATHOGENS 

The fungal pat~ogens have more elaborate . h . . -

other pathogens l,ke viruses bacter· dmec amsms of survival than 

f h 
' ta, nemato es and pha · 

sites. Many o t ese mechanisms dir~ctly o . d' I , nerogam,c para
also. , r m 1rE:ct Y appiy to other groups 

Infected Host as Reservoir of Primary ·1noculum· In pl,lt . th I . . II h 
host on which the fun al ath . •. . n pa O ogy gen~ra _Y t e 

I · r t d b d' g dp ~-og~n ts _overwmtenng or.oversummermt9 ,snot 
on y mrec e ut 1sease·- · · · I -
th · h · b . . a so ,.e~, ,t t_s not -on Ya substrate for survival of 

iat oged · ~t exh,b,ts sym toms also. If the pathogen is present in the host 

w, out_ pro ucmg sympt~m the host is known as a carrier of the pathogen. 

Tdh~ mthfected hosts serving as reservoir of active inoculum can -be consid

ere m ree groups, viz: 

· · (i) the cultivated host 

~~~) w~ld hosts of same family as the host (collateral host) -

(111) w,ld hosts of other family (alternate hosts) . 

. Cultivated hosts are seasonal or perennial. The perennial cultivated plants 

ore good examples of the first group. Most diseases .of fruit trees maintain the 

active or dormant primary inoculum throughout the year. BrownJ ot fungi of . 

pome and stone fruits (Monilinia spp.) ·survive through cankers· and d~d 

twigs, leaves and dried (mummified) fruits left hanging on the tree. In powdery 

_ ~ildews qf opple (Podosphaera leucotricha) and gr_apevines ·(Uncinula necc:ito,i 

and _in downy mildew of grapevines (Plasmopara viticola) the pathogens sur

vive in dorman·d buds and under the _ scales. -.B'?fryosphaeria ri~i~ and 8 . . 

obtusa that · cause root rot and cankers survive in cankers on the trees. 

Sugarcane is an annu-al crop· but has no dead season._ The ·crop is found 

throughout the ye.or. In red rot disease· of this cr_op ( Colletotrichum falcatum), 

although the pathogen· can · survive · for some time in soil through resting _ 

structures (appressoria), the main _source of survival and transmission is the 

cane cuttings taken from a diseased crop and planted immediately as a new · 

crop. · · · · -- · 

· The fungi causing rice leaf spot {Drechslera oryzae) and rice blast (Pyricularia 

grisea) can -survive in soil and seed but under the Indian conditions these 

·sources do not play any significant role. The primary inoculum comes as wind-. 

born~ spores from external sources such as early .sown ric7 crop and som~ 

grass hosts of the pathoge~. In powdery mildew of cucurb,ts the pathogens -

Erysiphe cichoracearum and -Sphaerotheca. fuliginea can produce perithecia 

as resting structur?s ·but un~er- !ndia~·- cond~iti~n_s they ~re not common in t~e 

plains. The pathogens surv1v~ ':n th~,r c~m~1.al stoge m off-seaso~ cu~urbtts 

growing in shaded places or m c~ol~r h,lls _m_ th~:.north where penthec,a are 



also found. The conidia or · d bl · 

is true for th d . e win own to the main crop in the plains. Sarne 

also pe e tpo~ e~ ~
1
ildew of pea (Erysiphe polygoni). Viruses of cucurbits 

renna e in a s1m1 or .manner . . 

· h The thting structures ?f the cereal rust fungi (teliospores) do not 'survive t~e 

eat O t e northern plains of India. The pqthogens _su_ry~n active urediol 

stage on wh~at. and collateral hosts in the hill~ in the northw!3st and in the hills 

<?f south India . . The spores are carried to main wheat crop by wind currents 

_ Alternate hosts are not as important as the collateral hosls. But when ~ 

_pt1thogen has very wide host-range, cutting across many plant farhilies, and 

~s tolerant to wide range of weather conditions the alternate hosts becon:,e very 

importan~ source of the pathogen. There are many fungi such as Fusarivm 

m~ni/iforme, Sclerotium rolfsii and Rhizoctonia solani that have rather a wiJ; 

host range and thus alternate hosts may come into play in their survival~ 

Saprophytic Survival of Fungal Pathogens: In absence of the living host,_ the 

facultative parasites are capable of surviving as saprophytes. Soil and plant 

debris serve as media for this saprophytic survival_. Species of Pythium, Scle

rotium etc. survive in soil in absence of their host for considerable length of 

time. Although in this survival, resting structures like oospores and sclerotic 

play the major role, the ability of such fungi to attack and colonize the dead 

1 _ plant material enables thern to remain active as sqprophytes for some time and 

( develop their mycelium and more resting spores, Saprophytic survival of such 

fungi is dependent on the precolon,zation of th~ substrate before the latter is 

approached by other microbes. Antagonism by other soil microflora reduces 

their ability to continue saprophytic activity unless they have strong competitive 

saprophytic ability (aggressive growth, production of antibiotics) and can colonize 

organic substrates more successfully than other soil saprophytes. Usually these 

fungi sooner or later from dormant structures which remain so· due to existence 

of widespread natural fungistasis in soil. In Pythium aphanidermatum, caus1ng 

foot rot of papaya, the fungus colonizes the host tissues which fall down to 

the soil where the fungus continues feeding on the dead tissues and rapidly 

forming oospores. These spores are the major survival structures. In Sclerotium 

rolfsii, the fungus coloryizes the host, goes to the soil where it continues 

growing on the colonized residues. Sclerotic are formed and these can germinate 

under the influence of volatiles from the decaying residue. But the germlings 

that develop are challenged by antagonists and again form sclerotic without 

growing farther. But in the meantime they form more resting structures. 

Another category of saprophytic survival is of those fungi that are slightly 

more tolerant to soil antagonism and usually predominate in the rhizospherd 

The root region of plants is occupied by a large number of qualitatively an 

quantitatively different microorganisms some of which may be pathogen~ but 

do not necessarify_jnfect the plant. In this region these pathogens are restricted 

to pioneer cofoni~ation of de~d substrates and are tolerant to ~ompetition _by 

other" soil microflora. In habitats where recently dead materials are fa,rlY 



, continuously provided, such pa_thogens. may survive actively and multiply in 

absence of _the h_ost. However, if o.~garnc matter already colonized by other 

microorganisms 1s ?dde~ to the so,I near the root region the survival ability 

of these pathogen 1s reduced. . 

The third cate~~ry of saprop~ytic s~rvival ~~ soil is of those pathogens that 

. have low compet!hve saprophytic su~rvaf. ab,l.1ty and survive saprophytico!ly ... 

for on}y a sho~t t,me. Th~s~ are descnb~d as root inhabiting fungi. They are 

defined as having a declmrng saprophytic pha·se which limits their survival in 

· soil. These ;path~gens remain ~n. active saphrophytic phase only so long as the 

,.,. ~host tissue m wh,c~ they ":ere l,vm~ as parasites is not completely decomposed. 

Many vascular wrft ~ausmg species of Fµsgriwn. (Fusarium oxysporum f. sp. 

vasinfectum, Fusanum udum}, Verficillium spf_?., the root JQt 12.athogen 

Phymatotrichum omnivorum fall in this category. After the h_ost roots have 

completely decomposed these pathogens are displaced by more aggressive soil 

saprophytes and then they live only as dormant resting structures. 

The active saprophytic survival of facultatiY.e saprophytes and facultatiye 

parasites in soil is affected by soil structure, moisture, organic matter, pH, 

antagonism, etc. These are discussed later. · · 

Dormant Organs of Fungal Pathogens as Source of Survival and Primary Jnoculum: 

Among plant pathogens, fungi are the only organisms that produce spores 

and other resting structures for their inactive survival. In most fungal patho

gens these dormant stages are the major source of survival. Since majority of 

plant diseases are, caused by fungi, the dormant survfval as a source of 

primary inoculum is of much importance. · . 

· The dormant structures of survival can be grouped in the following catego-

. 
nes: 

1 J Soil-borne fungi: · · 

(a} Dormont spores (conidia, chlamydospores, oospores, perithecia, 

etc.) 
· 

(bJ Other dormant structures such as thickened hyphae and sclerotic. 

2} Seed-borne fungi 

(a) Dormant spores on seed coat . 

(b) Dormant mycelium and spores under the seed coat or m the em-

bryo . 
- · 

3) Dormant fungal structures Of} dorm<;mt or active host including dead 

plant parts remaining on the frees . 

In the plasmodial fungus, plasmodiophora brassicae, (clubroot of crucifer~) 

!he· pathogen survives through its resting spores lying free or in ~ro~ debris 

m the s~iL Although no dormancy period isi required for their ger~1~ahon they 

can remain viable for upto to l O years.· Synchytrium endob1ohcum (wart 

disease of potato) is a similar persistently soil-borne fungus in which r~sting 

spore play the important role of survival and dissemination. The fungus 15 one 



of the most persistent soil invaders. Similarly, . in the_ p9wdery scg9_ 9.f potato 

(Spongosporo subterrq[l_~o) the fungus may survive through its spore balls 

although subsequent infection and disease development is strongly influen~ed 

by specific environmental conditions. Oospores in species of ff9lbf.l.!..m, 

~i/,igq ~LllJildew fµngi q_ncl ~!;!f/Q, .£1ei~71iecio olflQWQecy_mjkl_ew 

fu.'19i,lSfil2:mYQ~ R_2res of Phytophthora an [usgrjy~ ang?wd~I.QJip..9LS<;ler9!inia, 

J!hiz£qonici,_Claviceps and Scler.9tJyJJ1~r~ ~ormqnt. sJ.rµctur..e.s~ an sur,xive 

in soil in free state or with the crop debris. Such structures are generally 

formed in response to external conditions .. When the substrate is exhausted 

and is unable to support active vegetative.growth the fu~gi respond by forn;.ing 

rest~ structures., Thus.( in downy mildew when the infected tissues start g~tting 

exhausting, oospores are formed. lri ergot diseases (Claviceps purpurea on 

· wheat and Clciviceps fusiformis on pearl millet) the para"sites remain active in 

their honey dew stage producing con idia. When the ovaries of the fwst 9(;.e 

totally destroyed the mass of hyphae turn in to hard sderot!9.· In vascl,lar 1Jlt 
fusaria, the fungus lives as chlamydospores formed by cells of conidia and 

hyphae. Metabolites of bacteria in soil stimulate their formation. However, ·in 

some cases the formation of resting structures like oopsores is the intrinsic 

character of the fungus. Pythium species saprophytically growing on a sub

strate take in more food than is required for their normal growth. They start 

producing oospores while continuing feeding on the substrate. Thus, the sub

strate yields little of vegetative mycelium and abundance of oospores. Often the 

stromatic mass of fungal hyphae, such as in Cercospora leaf spot, also serves 

as dormant structure of survivol. Telia of rust fungi and s~ut spores ~~ se.,.,ed 

and in leaf tissues are other dormant structures of survival. Conidic:i -of some 

fungi-imperfecti serve as resting structures. In Alternaria solani (early blight of 

tomato and potato} the conidia remain viable in crop debris for months. Under 

laboratory conditions at room temperature they have been found to remain 

viable for 17 months. Formation of resting structure ensures soil syrvival 

under conditions of intense antagonism because these structure are not affected 

by competition, and antibiosis. . · 

The spores of smuts and many other fungi are present· in dormant state on 
1
. 

the seed surface. Examples are covered smut of barley (Ustilago hordei),_g!ain 

· smu!_9f sqr13},_vJJ1 (Sphacelotheca sorghi) bunt of wheat (Tilletia spp:): In some 

diseases the fungus is present in dormant state within the seed, often in the 

embryonic tissues. In l221e .s,rnut of wheat ( Ustilago segatum tritici) the. pathg· .\ 

gen is carried by seeds as dormant mycelium in the embryo/ .In ~~oc;_byta 
1

• 

blighLQ[ chickpea the pathogen (Ascochyta rabiei} is carried as dor~ t 
1 

mycelium and pycn_idia. subepidermally and also in cot}'ledons (c_f. Singh, 

199Br ln Phomops1s blight of eggplant, the pathog~n (Phomops,s vexan, 

perfect stage Diapo~he. vexans) is ex_ternally as well as internally seed-borne. 

Pycnidia and mycel1um are present in the seed coat and emb~yo. • 

In addition to soil and seed, the dormant organs of -fungi can also be 



resent on t~e host. _ Thus, _in powdery mildew of apple. (Podospbaera 

feucof1f~ the fungus sur~1ves as dormant mycelium an~ en~aesula_ted 

h-nustona m th~ d~rr:na~t terr:run~I ~nd later~L.$.hoot bu_g_s _and m blossom buds 

roduced and infected in the previous growing season. In many pathogens of 

fruit trees, the fungus is found in dormant state in mummified fruits and dead 

,wigs. The fruit mummies are formed when the fungus, SL!ch ~s Monilinia spp. 

in brown rot of pome and stone fruits and Phytophthora in . guava fruits, 

permeates through out the _flesh an~ exh:2usts the moist~re. The fruit dries and 

shrinks. The fungus mycel,um survives in dormant form. · 

factors Affecting Survival in Soil: From the above description of means of 

survival of fungal plant pathogens it is obvious that · soil is one of the very 

important and common medium for their active or inactive ca~_ry over from 

one · season to the next. Seeds are the next in importance and serve as 

substrates for only dormant survival. While the survival in or on the seed and 

on the plant is affected by only temperature and mo"isture conditions during 

the survival, the . survival in complex environment of the soil is invariably 

subjected to a wide variety of physical, chemicat and biotic factors that are 

interrelated with each other. These environmental factors can b~ ·inimical to 

survival in soil or may favour survival. 

Extreme cold in winter (-12°() kills the-mycelium and encapsulated haus

toria 6f Podospheaera leucotricha and apple buds become free of infection of . 

·powdery mildew. Under suitable temperature and moisture conditions, in fruit · 

tree diseases, the dead plant parts harbouring dormant fungal structures, may 

disintegrate and decompose allowing destruction of the pathogen. · 

In discussing the operation of factors inimical to microorganisms in soil it 

is important to recognise the distinction . between activity in soil and survival in 

soil. Some -adverse agencies cause loss of viability in the active· phase of 

growth while others affect the inactive phase of the pathogen. Often the 

features inimical to active survival indirectly prolong survival of the fungal 

pathogens by inducing them to form dormant spores or sclerotic. The active 

p~a~ is mainly restricted by high temperature, irradi·ation, desiccation, anaero- _ 

~ b,ps1s caused by excess moisture or intense competition for oxygen under 

c~nditions of hi.gh microbial activity, toxic chemicals of biotic origin (antibio-

- s1s), lack of nutrients due to competition with o~her soil microorganisms for the 

sfume_ substrate, and finally, parasitism and predation by microflora and fauna 

( ng,, bacteria, protozoa, nematodes, amoeba, etc.). When these agencies 

~ Tffect active survival it is not necessary that the fungus is completely eliminated 

rem the soil. Usually under the influence of these agencies (e~cept parasitism 

dnd predation) the active v~getative mycelium forms spores {conidia, chlamy

ospores, sclerotic) which carry . on the survival _in dormant stage. These 

;tructures are tolerant to the physical and chemical soil factors but not to biotic 

actors. There ore numerous reports of amoebae perforating fungal conidia 

and amoebae or fungal hyperparasites des troying sclerotic in soil. Senescence 



•\f 

of the inactive stages may be ·expected to occur in soil and may account f :/I 

a progressive decline in t~e number of viable propagules and thereby.thr ' 
population of the pathogens incapable of multiplying in absence of their hos~ \~1 
A more important cause of decline in the number of. dormant survival struc~ j~ 
tures in cultivated fields is inducement of their germination, formation of ir 

vegetative hyphae. and then their destruction by forces mentioned above 0~ !,! 
inimical to active stages. Lysis of hyphae by saprophytic bacteria is most JI 

common. The factors t~at i~duc~ germination are thos_e th~t help in _bre_akin_g ,,1 

down the natural fung1stas1s which prevents the germinahon or activation-of I 
dormant structures. Thus, application of nutrients to soil, exudates of roots of I 
the host and, sometimes, nonhost crops, physical treatment of the soil to , 
reduce microbial antagonism. are factors that stimulate germination of spores 
thereby subjecting them to antagonistic elimination. The factors that favour 
survival are continuous cultivation of plants that help in multiplication and i 
reproduction of the pathogen in the soil, thus continuously adding fresh spores, - I 
soil fungi stasis that prevents germination of spores thus preventing them from ; 
untimely germination and continued physical environments favourable for the 

1 

pathogen. 

SURVIVAL OF PHYTOPATHOGENIC BACTERIA 

Phytopathogenic bacteria do not form resting spores or similar structures 
except in such opportunistic genera as Bacillus and Clostridium which for~ 
resting endospores or in Streptomyces scabies which forms conidia. ·Mo~t 
bacteria have very limited soil survival even in debris of the infected host 1f 
it is buried deep. They mostly survive in mild or vigorous form on the host. 

Survival with Seed: Association of phytobacteria with crop seed is known 
since 1909. Bacterial cells are not subject to dormancy and their survival 
corresponds to seed viability. However, some pathogens die before the seed 
loses its viability (cotton blight bacterium) while many survive beyond thd 
longevity of seed such as in legumes. Most species of Xanthomonas a~ 

Clavi~a~ter a~e seed-borne _having only limited soil phase, that t~~ only f 
assoc1ahon with crop debris. De.pending on seed storage cond,t,ons, d 
axonopodis pv. phaseoli (common blight of bean) can survive in bean see 
for 13-15 years. X. vesicatoria can survive in pepper seed for 10 years. 
Other xanthomonads that have prolonged survival in seed are Xanthomonaf 
~ryzae pv. oryzae (leaf blight of rice), X. oryzae pv. oryzicola (leaf streo~ ht 
nee) a_nd X. campestris pv. campestris (black rot of crucifers). Cotton bligl 
bacterium (X. axonopodis pv. malvacearum survives in cotton seed- for 011 ) 

one year. Clavibacter michiganensis subsp michiganensis (canker of torn°10 
1 

and C. michiganensis subsp, insidiosum in alfalfa seeds survive for 3 years, 
Most of the leaf blighting pseudomonads are well known seed-borne pathoger1_,. 

Pseudomonas syringae pv. tomato (bacterial speck of tomato) can survive'( 
tomato seed for 20 years and remain infective. Seed and weed ho-sts are 011 y 



eans of its long term survivaL Often weed seeds are an important source of 

~I rT1 rvival and transmission of phytobacteria. 

Y su The level of seed infection or contamination varies with crops and environ-

ental conditions. However, even a low level of seed-borne inoculum, if 

;f :ccessful_ in initiating the dise~~e in the crop, can lead to serious epidemics 

n under favourable weather conditions because of the high rate of multiplication 

i of bacteria_and their easy disseminatio~. EvenJ.iJnfucted seeds of bean_ per 

acre, carrying Pseudomonas savastono, pv. phaseoflcola (halo blight of bean) 

i can lead to an epidemic in the_ cr~p (cf Singh, 198?). . . 

, Success of seed-borne bacteria 1s dependent on their location in the seed. 

Access to vascular elements promotes survival and subsequent pathogenesis of 

many bacteria. The testa of legume seed contains vascular el_emer,,t~ that. may 

.be extensive in larger seeds. Once the _bacteria gain entry in the testa, through 

liilum, micropyle or threshing injuries,. they have easy access to vasc;ular 

~ments in such seeds. In bean, cotton, cucurbits and tomato the vascular 

ti~sue (raph~), a continuation of the funiculus, provide favourable site~ fo~ 

internal spread of the bacteria. They may also invade the embryo: _..,. ~, -

<-- Survival in Plant Residue: The survival of phytobacteria through diseased _cr9p 

d~bris is mostly dependent on the speed with which the debris decomposes. 

Thus,-when the debris is buried deep survival is less. In wet areas the debris . 

decomposes early limiting the survival of.bacteria. Plant pathogenic bacteria 

are weak competitors and have high susceptibility to the activities of 

microorganisms associated with decomposit_ion of debris. Under experimental · 

conditions survival is better in sterilized than in unsterlized soil. _ 

Coryneform bacteria are not considered soil .. borne pathogens but some 

apparently survive a year or more with plant debris. Clavibacter rhichiganensis 

subsp. insidiosum s_urvives in _dry alfalfa st~m le~ ~n_the_~9il for 10 years. 

Curtobacterium flaccumfaciens over-winters in temperate region~n host debris 

aiictalso on straw of nonhost plants if left on the soil surface. Burying of the 

de~ris hastens its mortaiity. The capacity of Clavibacter michiganensis subsp. 

~ichiganensis to survive in plant debris is well known. In infected st~niP-i~ce~ 

I~. ,soil it survives for 3 months in a granite sandy loam c;md for 7 months in 

a c~ ~oam soil. At constant temperature of 22°C and low soil moisture7t can 

survive for .11 months (Mofett and Wood, 1 985). · 

. Species of Xanthomonas have the poorest ability to survive outside the host. 

In 5rop debris in soil Jhey show a rapidly declining phase depending on the 

~ate of decomposition of debris. In arid regions where decomposition of debris 

b sl~w, X. axonopodis pv:--malvacerum can survive for long in cotton residue 

1 
ut in_wet regi_?~he survival may ~9t be even _up tqJbe ~ext sowing season. 

t India, thebacterium is reported to. survive for 6 month.§. on soil surface but 

, _or only 3 months if the debris is buried 15 cm deep. A similar situation exists 

· ;n Xanthomonas axonopodis pv. citri (citrus canker). Lesion bearing fallen 

eaves and twigs on soil surface under wet conditions or if buried 3-6 cme 
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d P 
in soil support viable cells only for 2-3 weeks but if the soil is kept cl \ ee h . _ . . ry the survival may be for 2-3 mont s. X. campestns pv. campestns survives. 

infected cabbage stem tissue for _244 day~ (cf. Singh, 1 ~89). !he rice le~~ 
blight bacterium can survive on nee straw tn dry_ but not in mo1~t condition~ '\ 
for some months. The species of · Pseudomonas behave much in_ the sarn 
manner as the species of Xanthomonas in their survival with plant d_ebris. Th: 1

\ 
persistence of Ralstonia solanacear~m (potato ~nd t~bacco b~cter!al vyfu}_in 
infested debris depends ·on the envaronment since either desiccation or the 
antagonistic effect of secondary invaders decre~ses t~~ir populati~n rapidly: 

Survival in Soil: The bacterial plant pathogens inhabiting the aerial parts of 
the host reach the soil through diseased plant debris, raindrop or sprinkled · 
irrigation washings and dry Rakes of the bacterial ooze displaced by wind and , 
movement of the plant parts. The bacteria that mainly colonize the under- · 
ground plant parts such as tubers, bulbs and roots are released in the soil wi~ 
disintegration of these parts. Most bacteria do not survive well in the soa when : 
separated from the plant tissue. Different categories of soil-bacterium relation· 
ship have been described (cf. Singh, 1989). Transient visitors consists .of boc- ' 
terial species\Whose populations are developed almost exclusively on tfieJ,ost . 
plant where maximum number of generations are produced. When· such 
bacteria reach the soil with rain water or with debris the populations decline 
rapidly and do not remain important source of primary inoculum for the nexf 

. sea~on. Being poor competitors most phytopathogenic bacteria fall under this 
category. Examples are most species of Xanthomonas, non-soft rot species ofi 
Erwinia, and Clavibacter michiganensis. . ~, . 

The bacterial species in the category of resident visitors also have their 
maximum generations in the host but their numbers only gradually decline in 
soil. · If the populations enter the soil at a sufficiently high rate, as usually 
happens in case of underground bacterial diseases, the slow decline would 
permit net increase of such bacteria from season to season. The long term 
persisten~e of such bacteria in soil is host dependent _and their ·increa~e, 
decrease or total extinction depends on the cropping practices . .Pathogens wi~ 
extend~ soil phase illclude Agrobacterium tumefaciens (crown J:l<llll a~~, 
Ralst?n,a solanocea~um race 1 (ba~terial wilt of solanaceae), Streptomyceel 
scab,es and Streptomyces ipomoea. These can be considered true soil-born \ 
pathogens or soil inhabitants. R. solanacearum can survive in soil in free state 
hnder b<_:ire fallow ~or 4- 6 years and upto 1 0 years in soil cropped to ~01 0st or non-suscephble crops. _Susceptible weed hosts prolong its soil surv1"

0' · 
. ihere ore very few plant pathogenic bacteria which are truly saprophyte

1 

:it ~:rmanent soil phase. The group of bacteria classified as soil saprophl\ 
th:'~h\1:s by th0se whose popul~tions are largely produced ln soil_, incl~d~~;, . I -phere and whose relation to plant disease is -only enhemercL-. examp es are rhizo h b t · th · · n - · · ~ si~J ft sp ere ac eno, e green nuorescent Pseudomonas cal.I 

1 
· so rots the s · f B ·Jt h . . ~ · tti~t ' pec,es o ac, u_s pat ogenic on plants and pectolytic soft r0• ~ 



Cfostridium which ?re opport~nistic pathogens. . 

S rvival in Perenmal Hosts: Different organs of the I . 

u h h t . . . fl same p ant and d a 

I t Species ave c arac erishc micro ora inc. lud· b . · irrerent 

Pon 1
• h · I ' mg actena th · 

r and these rve on t e p ant exudates · The surr . R . , on e,r sur-

roces , • · race ora ore k 

'phytes and are present on roots (rh,zoplaneJ buds (gem· . 
1 

J ndown as 

ep1 II d r ' m1p one an I 

( hylloplane) as we as on see surrace. The characteristic fl · . II ea~es 

.P a balance. There is evidence that some of the ep· ohryta_gebnera ~ ex,sts 

in . • th · b • ( f . 1P 1c actena a~e 

antagonistic to ~a <;>genie . acteria c. Singh, 2001) but often, the latter 

constitute a d~mmant component of the surface microflora and Id b 

f 
· · I · cou e a 

source O primary mocu um. . 

I~ citrus conk~~ (Xanthomc;,nas axonopodis pv. citriJ the ·bacterium survives 

in cankers. on the infected _trees. It has only limited survival with fallen leaves 

in the soil. However, there are reports that the bacterium colonizes the exposed 

as well as u~de~ground roo_ts where it can survive for .long-(cf. Singh, 2000). 

· In the bacterial canker of stone fruits (Pseu~9monas syringae pv. syringae) the 

boderia survive in cankers, buds, and systematically inside other host tissues · 

with no symptoms. The bacterium is a good epiphyte and survives on foliage 

of weeds growing in the orchard. Similarly the bacterium of fire blight of apple 

and pear (Erwinia amylovora) survives in J:lead twigs a_~_d as epiphyte in the 

buds of apple during the dormancy of the tree. 

Epiphytic populations of Pseudomonas savasfonoi pv. phaseolicola on bean 

·. and of Xanthomonas vesicatoria on tomato have been reported. X. axonopodis 

pv. phaseoli var. fuscans (fuscus blight of bean) survives on phylloplane of 

primary leaves but not . on uni foliate leaves of bean. X. axonopoclis pv. 

malvacearum is transmitted from germinating infected seed to the cotyledons 

ond_then a resident population of the bacterium is found o'2_ly on the first a!UL-. 

~~ond leav~s. This resident population serves as primary in.oculum ~~ ~uscep- , 

hble leaves under favourable weather conditions {Moffett and Wooa, 1985). 

The epiphytic survival . is influenced by host resistance also. Curtobacter! um 

flaccum_faciens pv. flaccumfaciens survives epip~ytically better on susceptible 

leaves of Phaseolus vulgaris than on resistant · leaves X. oxonop~s pv. 

malvaceorum is reported to survive in the rhizoplane of more than ° ozen · 

Weeds that grow in cotton fields. X. vesicaforia can also survive in rhizopl~ne 

of h ( h b' I· pot bacterium 

. ost pepper) and non-host plants .. T e cucur it angu or 5 fo wih 

(Pseudomonas svringae P"- lachrvmans) sL1rvives in rhizosphere_for edu/~ gro( f. 

cy ~ . 'h ✓' . . : ✓' • h . . t rb,t se ,ngs c . 

. c §J.n t e same soil and mamtams pot ogenic,ty O cucu ,· 

S,n h 19 
d subsp afrosep ,ca 

h 
9 , 89). Erwinia carotovora subsp. carotovora an d · lt-.'a'ed 

a L - • . 
If ted an non-c.u Iv ,, 

Ive ueen _1solat:d from rhizosphere of_numer~~~ cu ,v~ diverse geographic 

p a~ts from agricultural and non-agncultura, areas m · 

regions . · · h · 

A ·• · · · I h ns use insects as t e,r 

h ssociation with Insects: Some. bacterjaf P ant pat oge bl k lea bacterium, 

r:: 
0s 

t and source of survival and dispersal. The potlal to - ac f th..., e seed corn 

crwin · . 1· • a stages o 
10 carotovora subsp. afrosephca can ,ve m · . 



maggot (Hylemya platura) and persis_t in the intestinal tract i~spite of its_ ability 

t · e through tubers and soil. Smee the pathogen survives pupation the o surv1v · · h I ·d A · · 1 · emerged adults may contaminate eggs as t ey are 01 . s1m1 ~-r situation 
exists in soft rot of -crucifers and cabbag~ maggot {Hy/e__mya--j:miss,cae). Fruit 
flies {Drosophila melanogaster) also _ pr~~rde short. term __ su_rv1val to erwi~ias. 
The corn wilt bacterium (Pantoea stewart11 subsp. stewart11) lives through winter 
in the body· of cucumber beetle (Diabrotica un_deci~puncta_ta) _ and co~n flea 
beetle {Chaetocnema pulicaria). It not only survives m th~se beetl~s b~t 1s also 
distributed over long distances. The cucurbit vascular wilt. bactenu_m Erwinia 
tracheiphila is totally dependent ?n cuc~mber beetles (Acalymn?. ~1ttatu!11 ~nd 
Diqbrotica undecimpunctata) for tts survival between seasons:-Tli1s mformahon 
has been used to· forecast the incidence_ of the disease. During acute winters 
the beetles are killed. Their prevalence in the next season can foretell the ext~nt 
of incidence of the disease. · 

SURVIVAL OF PLANT PATHOGENIC NEMATODES 

Some nematodes maintain continuity of infect_ion chain through active para
sitic living on variety of hosts while o~hers, majority of the phytophagous 

1 nematodes, survive through their dormant structures (eggs, cysts, galls, cockles 
formed from host tissue). These structures are formed in the normpl course of 
·the life cycle. Eggs, cysts and galls are present in soil and sometimes in the 
seed lot. , 

Quiesce!lce is an adaptation for survival of nematodes under adverse 
conditions. The nematodes become dormant or anabiotic. In this condition they 
can live for many years. The best example of survival through quiescence is 
that of Anguina tritici, the wheat gall nematode. The nematode has only one 
cycle in a season. The eggs hatch in the seed galls and with onset of summer 
(in India) when the crop is ready for harvest the larvae become quiescent. 
They are activated only when the galls are soaked in water. Thus, in o 
cultivated soil where irrigation is periodically given nematode cannot survive 
for long in soil. But in quiescent state tbe second stage larvae of A. tritici are 
known to remain viable for up to 28 years in cockles. Quiescence due to 

1 

dessicati,:m_ has also been reported in Ditylenchus dipsaci (fourth stage larvae), 
D. phyllob!us, Tylenchus balsamophilus, Aphelenchoides ritzemabosi (adults) 
and Anguma agrostis. . 
. In root knot (Meloidogyne spp.) the nematode has a very wide host-range 
in Solanaceae, Cucurbitaceae, Cruciferae and Malvaceae. O.ne . or more of 
the vegeta~les from these ~lant f~milies are present thr oughout the year and 
hence· ·the nematod~ can ~ind _suitable hosts for survival if sus_cept·ible veg· 
etables are grown in rotation in the same field . The larvae that hatch froril 
eggs early in the season find the host easily and cause infection. Those· that 
are hatched late in the season live for some months in the soil provided the 
temperature does not rise very high . These larvae can -cause infection of the , 



. next crop. Eggs are generally protected in the 
9 

II rh· · I · 

h f 
· I a s. 1s a so gives some 

c once o surv,va . 
. . 

· The cyst n_emato~es are host spe7ific and mainly survive through their cysts 

. for many years. ~•nee some h~tchmg factor from host roots is required for 

release of larvae ,n some_ species, the cysts. mqy retain viable larvae in the 

absence of_? host for con~~-~_erable Jime. The cysts of Globodera rostochiensis 

(potato cyst nematode) con_tinue to contain viable larvae for 7-8 years in · 

absen~e o~ the host. Even in presence of the host, the cysts may continue 

rP.leasmg viable larvae for several years because all the larvae in the cyst are 

not released in the first year. · 

SURVIVAL OF PHANEROGAMIC PLANT PARASITES 

Phanerogamic parasites produce seeds, just like.any other Bowering plant, 

and through these seeds they can live in dormant stage, sometimes, for years. 

The parasites attacking perennial plants survive in the active state. In 

Dendrophthoae fdlcafa (giant mistletoes), the parasite survives and is transmit-

, ted through seeds and vestiges of its haustorial system on the trees. In Orobanche 

ramosa (broomrape), seeds of the parasite are present mostly in the top 5 cm 

-of soil and remain viable if the soil does not dry. The seeds of dodder (CuscuJa . 

spp.) fall on the ground and remain viable in dor~ant stat~ until a fav<?VCOQle 

season returns. The witchweed (Striga spp.) survives through its seeds which 

require a minimum dormancy of 15-18 months. Each plant of w.itchweed 

produces 50,000 to 500,000 seeds and all the seeds do not germinate in the 

same season even in presence· of a host. 

PERENNATION OF PL~NT VIRUSES 

Plant viruses have no dormant stage and maintain a continuous infectic;,n 

chain. They are actively present in the crop host or, in its abs~nce, in some 

- coflateral or alternate host. Thus, -all viruses of potato are earned by tubers. , 

Vi"rusesof ~II f~uit trees are maintained on the tree. The only exceptions are 

the viruses vectored by fungi and nematodes. The viruses t~an~mitted by some

fungi are intimately associated with their vector and remain viable so l~ng ~s 

the fungus vector is living. Same is true for nematode vectors although 1n th,s 

case period of retention ,n the vector is not long. 
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Defence by the Host 
Against Pathogen 

Resistance to diseases in host plants is a condition in which the plant overcomes the pathogen's 

attack and thus suffers little or no injury, i.e., the plant defends itself against the attack of 

pathogenic enemy. Different plants defend t~1emselv~s in different ways. Each kind of plant, 

probably, employs different defence n1echan1s111s against each of the pathogens that attack it. 

Most of the mechanistns of defence the plants possess develop after the pathogen-attack are 

considered to be genetic in nature, i.e., the resistance or defence is hereditary character of a 

plant. 

There are various mechanisms of defence used by plants. For convenience, such mechanisms 

can be considered under two broad heads; (1) structural defence, and (2) biochenlical defence. 

Each of both, structural and bio~hemi~al, defences consist of pre-existing (constitutive) 

defence mechanisms as well as post-1nfectton (active) defence mechan· Th c. 
1sn1s. e 1ormer are 
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resent on or inside the plant since begi . 

·-

p _., b the pathogen rung, whereas the 1 tt 

aUl'-A Y · 
a er are elaborated in response to 

6.1. STRUCTURAL DEFENCE 

The first line of defence the plants adopt . 
agamst pathoge . 

the pathogen must overcome to get entry and . ns are present on their surface which 

.th hr 
cause disease A d. 

enters the host e1 er t ough artificial or natu 1 
. · s 1scussed earlier, the pathogen 

surface. Sometimes, these means of entry brat opemngs, or by direct penetration of the host 

0 s ruct the th 

succeeds and subsequently enters the host 1-1 
h pa ogen. If, however, the pathogen 

' may ave to fac · t 1 

of which ma~ be pre-existing while others develo e m ema structural barriers; some 

reaction. In this way, the structural defence ca b p aft~r attack of the pathogen due to host 

n e categorized as • · · d ,r, 

and defence structures developed in res 
· pre-exzstzng ~ence structures 

ponse to attack of the pathogen. . 

SILICIC ACID DEPOSITION 

PECTIN LAYER 

LIGNIFIED CELL WALL 

Fig. 6.1. Cross section of motor cells in leaves of rice. 

5.1.1. Pre-existing Defence Structures 

6·1-1.1. Cuticular Wax 

d Cuticular waxes are 1nixtures of long chain aliphatic compounds and are thought to play a 

efensive role by forming a hydrophobic surface, i.e .• a surface on which water is repelled. Water

repelling thereby prevents the retention of water drops or formation of water film on which· the 

Patbogens might be deposited and germinate (fungi) or multiply (bacteria). Also, a negative charge 

USuaJly develops on leaf surface due to the presence of fatty acids that are the main component 

~f the cuticle. This charge repelJs many of such spores which acquire negative charge during 

6

1
beration or from atmospheric ions. Hence, the cuticular wax reduces the chance of infection 

Y many pathogens. 



6.1.1,~. Cutid• Thfckness 
IP 

. . . 
en ~nters the 

Cuucular thickness seems to be important in those . h' h the pathog . bstructs 

. . cases m w 1c use it o 

host by dire~t pe~etration exerting ~e_chanical pressure on host surfac~. l t is b~c:f toe pathogen 

the path of mfectmn hyphae. fn add1t1on, a thick cuticle may alsp limit tqe exit 

h 
. h season. 

from inside the ost and thus may reduce the secondary infection during t e 

6.1,1.3. Stru,ture of Epjdermal Cell Walls 
entry of pathogen 

Thie~ and tougfl outer wall of epidermal cells may directly pr~v~nt t~e . toughness due 

completely or make it difficult. The walls having same thicknes~ but diff~n~g •~n resistance to 

ta the presence or abserife of lignin and siJicic acid, etc. may show var~atto~ is are lignified 

P~thogen penetration. For instance, 11'\0St outer wall of epidermal cells of rice P ~n,1 ·sease of rice 

. . s blast~• , 

and are seldom penetrateq by A{agnaporthe grisea (Pyncularza) that cause h athogens enter 

while the walls of motor cells are proteinaceous rather than lignified _and J ; p anum contain 

the host mainly through them (Fig 6.1 ). Potato tubers resistant to Pythzum _e 
1
°ry "'S 

. . scept1b e on~ . 

higher fibre content in their epidermal cell walls m comparison to su 

6.1.1.4. Structure of Natural Openings 

Natural openings like stomata, lenticels, etc. allow 

many pathogenic fungi and bacteria to enter plants 

through them, but in some cases the ~tructures of t~ese 

openings prevent pathogen-entry. For instance, the 

Szinkum variety of citrus is resistant to citrus canker 

bacterium (Xanthomonas. campestris pv. citri) p~cause 

the stomata of this variety are smal I and possess very 

narrow opening surrounded by raised, broad-lipped 

structures, which prevent entry of water drops containing 

bacteria (Fig. 6.2). 

STOMATAL PORE 

Fig. 6.2. Stomata of Szinkum mandarin, 

resistant to the citrus canker 

~acterium. 

Similarly, the size and internal structure of J~nticels 

may play a defensive role against the pathogens. We 

know that the varieties having large-size lenticels on 

fruit surfaces easily allpw Psel{{/omonas papulosum 

bacterium to ~aus~ spot disease in &pple but the varieties having small l~nticels prey~nt the entry 

of the p&thpgen. In addition, ~~e suberin deposition at the base of lenticels :>f many apple varieties 

obstructs the pathogen entry. Nectaries, that provide openings in the epiderrnis, also play defensive 

role due to high osmotic concentration of the nectar. Presence of abundant hairs in the nectaries 

of apple and g~ince provides resistance against Erwinia amylovora, the bacterial pathogen, 

whereas susceptible pears are devoid of abundant hairs. 

6.1.1.5. Internal StructurQl Barriers 

be 
Thderhe are m~y pre-existi~g structures inside the plant that prevent the entry of pathogen 

yon t em. For mstance environmental d' • 
. · 

5
ue 

' con 1t1ons sometimes make cell walls of certain tis 

◄ 
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d tough and these walls make the advance ofth . 

thick ~ded areas of sclerenchyma cells particularly ~ pa
th0

gen quite difficult; vascular bundles 

or exte ,,t tlie further progress of pathogens as ex tn 
1
~afisedof the sten1s of many cereal crops, 

P
reve,,, emp 1 1e by t ft.I . . 

111aY . el -obsttuct the spread of pathogen, which thus ca rus ng1; leaf vems sometime 

effect•~ y only between the leaf veins, not across th use the various ''angular" leaf-spots 

• reading em. 
sp 

Hl:ALTHY TISSUE PHELLOGEN CORK LAYER 

Fi~·; 6:3. Formation of tork layer below the point of infection. 

6.1.2. Defence Struttures Dl!velciped ih Respbn~e to Attatk t>f the Patht>g~n 

After the pathogen successfully penetrates the pre-existing defence barriers of the host, the 

latter, some ho~, us~ally develops certain defence structures iriside them in response to the 

reaction taking piac.e between host and pathogen. These structures prove more or less successful 

in preventing the further spread of the pathogen. Defence structures so developed are _generally 

of four types : histological defence structures, cellylar defence structures, cytoplasmic defence 

structures, and necrotic br hypersensitive defence reactions. 

6,i.2.1. lilstologlcai Defence Structures 

Certain tleience struchfres are developed lnside the host as a result df tissue diiferentiation 

or chetiiicai substance deposition in tissues alieaa df or around the pathogen. These defence 

structures are called histological defehce structures. The most important histological defence 

structures are : cork layer formation abscission layer formation, tyloses forination, and ,gum 

~~Woo. ' 

1.. Cork Layer Formation 

Th~re are many examples such as soft rdt of sweet f)otato caused by Rhizopus sp., potato 

tuber disease caused by Rhizvctonia sp., cortmiori scab df potato caused by Streptomyces sca~ies, 

necrotic lesions on tobaccd eaused by tobacco mosaic virus ih which pa\hogett-attatk induces 



fonnation of cork 1 
~~~~ =---__ _,;;;,---

This happens as a r::rs bel~w the. point of infection. 

by certain chem. I t of st1mulat1on of the host cells 

Cork layers so•~ s secreted by the pathogen (Fig. 6.3). 

spread of the eveloped not only prevent further 

also bl k . pathogen beyond the point of infection but 

th oc mward flow of toxic substances produced by 

d e pathogen so that such toxic substances could not 

amage the underlying healthy tissues of the host. 

Furthennore, cork layers block the flow of nutrients and 

wate~ from the healthy to the infected area and this 

depnves the pathogen of nourishment resulting in its 

weakness or, sometimes, death. 

2. _Absdssion Layer Formation 

AYE fl AREA 
ABSCISSION L 01sEA5ED ceLLS 

HE\LTHY j LIG~1FIEO 

Abscission layers usually develop to separate the 

ripe fruits and old leaves from the plant. But, some 

plants such as stone fruit trees may develop these layers 

in their young active leaves in response to infection by 

pathogens. An abscission layer does not consist of cells 
b ABSCISSION LAYER 

ut rather of an empty space (gap) between diseased and . . Layer formation. 

healthy tissues.This gap is created by the dissolution of Fig. 6.4. AbsC1ss10n 

the middle lamella of one or two layers of cells surrounding the infected locus (Fig 
6
·~{ Bh~:au;e 

of the gap formation allround, infected locus becomes completely unsupported, gm<lua Y s n_v: s, 

dies, and falls down carrying with it the pathogen. In this way, the plant protects the remammg 

healthy leaf tissue from becoming attacked by the pathogen. 

3. Tyloses Formation 

Ty1oses are outgrowths of the protoplast of adjacent parenchymatous cells protruded into 

xylem vessels (Fig. 6.5). Though the formation mechanism of tyloses is still not exactly known, 

. their development blocks the xylem vessels thus obstructs flow of water. This results in the 

development of wilt symptoms in plants. However, tyloses are formed in responses to pathogen 

attack in many plants and prevent them from being infected. For instance, a ·fungus called 

Fusarium oxysporum f.sp. batatas causes wilt disease in sweet potato. But, there are certain 

varieties of sweet potato which develop tyloses abundantly and quickly ahead of the pathogen; 

tyloses so developed block the xylem vessels completely and prevent the further spread of the 

pathogen. These varieties of sweet potato remain free of and, therefore, resistant to Fusarium 

oxysporum f.sp. batatas. 

4. Gum Deposition 

In response to pathogen attack many plants deposit gums along the border of infected tissue. 

This gum deposition often serves as a protective demarcation and prevents further spread of the 

pathogen beyond it. Stone fr~it trees infected with pathogens Jike fungi, bacteria, and viruses 

comm_o_nly . show gum ~ecret10n and its deposition for defence. Hesler ( 1916) reported gurn 

deposition m black rot disease of apple caused by Physa/ospora cydoniae in which gum deposits 
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Fig. 6.5. Tylc,ses formation in xylem vessels. (A) longitudinal section, (B) cross-section. 

in parenchyma and xylem cells as well as intercellular spaces of resistant varieties in advance 

of the pathogen (Fig. E .6). Gum-deposition have also been found around lesions in leaves of rice 

varieties resistant to blast disease of rice caused by Magnaporthe grisea (Pyricularia) and to leaf 

spot disease of rice caused by Helminthosporium sp. 

6.1.2.2. Cellular Defence Structures 

Cellular defence structures such as swelling of the cell wall and sheathing of the advancing 

hyphae develop as a result of morphological and, possibly, chemical changes in the cell walls 

of the infected host. However, the effectiveness of these structures as defence devices is not very 

much important in plants. 

1• Swelling of the Cell Wall 

It has been observed that the outer wall of epidermal cells as well as sub-epidermal cells 

swell when they come in contact with hyphae. These swellings may inhibit further host 

~netration. Such a defence device has been reported. in pea leaves when attacked by Botrylis 

cmerea. Sometimes such as in the case of cucumber varieties resistant to the scab fungus 
Cl d ' · · h d . . f 1· . 

a osporium cucumerinum the cell wall swellings are accompanied wit epos1t1on o 1gnm, 

suberin, etc. and thus beco~e more resistant to penetralion. 
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Fig. 6.6. Gum deposition along the border of infected tissue. 

2 • Sheathing of Hyphae 

It has been reported that the penertrating hyphae of pathogen, particularly fungi , often get 

enveloped in a sheath as a result of the inward stretching of the cell wall (Fig. 6.7). Though the 

HYPHA 

. . /\ . 

SHEATH __...,"' 

ADVANCING HYPHA-..boN 

STILL ENCLOSED IN 

SHEATH 

CELL WALL 

PRESSORIU 

/HYPHA REACHED IN 

CYTOPLASM 

Fig. 6.7. Sheathing of hypha as a result of in d . 

time of penetration of the cell wall.war stretchrng of cell wall at the 



eloped hyphac generally manage to pc tr 

env thin primarily delays the penctralio ne ate the_ sheath and _invade the cell cytoplasm. the 

shet g n and thus imparts partial check on the spread of the 

pathogen. 

6.1.2.3. Cytoplasmic Defence Structures 

When the hyphac of a pathogen succ d · • • 
. ec an pcnetratmg the cell wall and enter a particular 

cell, the cytoplasmic content of such cell becomes organised in such a way that the cytoplasm 

t,eco~ granular an~. dense an~ certain organelle-like structures develop in it. As a result, the 

peneaatmg hyphae dtsmtegratc ~nto small granular bodies and further development of the hyphae 

as .atopped. However, c_Ytoplas~c defence structures are, most probably, the last line of structural 

defence and are effective against only slow growing weak pathogenic fungi that induce chronic 

diseases, or some type of symbiotic relationships such as root nodules of legumes and 

mycorrhizae. 

6.1.2.4. Hypersensitive Response {HR) 

The necrotic or hypersensitive type of defence (Fig. 6.8) very commonly occlU'S in diseases 

c.aused by biotrophic fungal parasites, viruses, and nematodes. Challenged host cells and 

sometimes those in their inunediate vicinity die rapidly (i.e., react hypersensitively) and this 

necrotic behaviour is associated with defence of the plant as a whole. Though the mechanism 

of this defence appears to be biochemical in nature, its consideration as a means of structural 

defence is based on the fact that it is the necrotic tissue which becomes ultimately responsible 

to check the further spread of the pathogen. 

In plant diseases exemplified by wart disease of potato caused by Synchytriurn endobioticum, 

late blight of potato caused by Phytophthora infestans and blast of rice caused by Pyricu/aria 

oryzae, the host nucleus move!i towards the pathogen when the latter comes in contact with the 

host celJ protoplasm. The nucleus, when it comes near the pathogen, soon disintegrates into brown 

granules. These granules first accumulate around the pathogen and then disperse throughout the 

entire cytoplasm of the cell. Simultaneously, the cell membrane swells and, finally, the cell dies. 

These events affect the pathogen as well; the pathogen also begins to degenerate as its nucleus 

disinttgrates into a homogenous mass and its cytoplasm becomes dense. As a result, the pathogen 

fails in growing out of such dead (necrotic) cells and its further spread is checked. 

There has been considerable interest in detennining whether the hypersensitive response (HR) 

~ a ~ifestation of a 'programmed call death' comm~nly referred_to as_ 'apop~sis' ioccuring 

tn anunals. Apoptosis is characterized by the fragmentatton of D1':A into piect:5 with 3 OH ends 

to produce ladders membrane blebbing, and nuclear and cytoplasnuc condensation. Some of these 

&Ymptons have be~ noticed in plants reacting hypersensitively. For instance, tomato protoplasts 

treated with the fatty acid elicitor, arachidonic acid, show DNA ladders and 3 'OH DNA ends. 

Fragll)entation of DNA has also been reported in soybean cultured cells. 

6-2. BIOCHEMICAL DEFENCE 

lo addnion to various structural defence mechanisms described in preceding pages, the plants 



~ rtain metabolic processes in their cells which impart resistance to them against pathogen 

possess ~is type of defence adopted by the plants is <;:ailed 'biochemical defence'. The latter, 

attacks. consists of the presence or absence of a particular chemical substance or gr- oup of 
ver h · h · ti 

howe nc~s in a host plant, w tc mter ere with the growth and multiplication of the pathogen 
substa the infection. 
and stop . . 

dless of how and when the biochemical defence is expressed one must know that it 
Regar 1 d h · , ' 

ticallY control e P enomenon and 1s always present in the plant cells. However, 
. a gene . . h 1 
15 

• cal defence may exist m t e P ant even before the attack by the pathogen or it may 
biochem1 . . b h ' 

as a result of mteractton etween ost and the pathogen after the attack by the pathogen. 

appe~ e two types of biochemical defences operate in the plants· pre-existing and induced 
fhere1or , · · 

., 1 Pre-existing Biochemical Defence 
6.,.. • 

6
_2.1.1. Inhibitors Released by the Plant in its Environment 

Plants generally exude organic substances through surfaces of above-ground parts and roots. 

These exudates generally accumulate either in minute d~ops or diffuse in the moisture of the 

neighbouring environment. Since some of the compounds occurring in exudates are inhibitory, 

they either directly inhibit the actions of several microbial pathogens or encourage certain groups 

of microoganisms to dominate the environment and function as antagonists of other nicrobial 

pathogens. 

OH 

HO OH 

OH 

COOH 

Protocatechuic Catechol 

acid 

There are two varieties of onions : one possessing red-scales the other white-scales. The red

scale varieties are resistant to onion smudge disease caused by Col/etotrichum circinans while 
the white-scale varieties are susceptible for this disease. It is considered that the red-scale varieties 

c~ntain fungitoxic chemicals like 'protocatechuic acid' and 'catechol' which also diffuse out 

witb exudates. When contacted with, these fungitoxic substances inhibit the gem1ination of the 

corucl~a of the fungus and rupture the developing germ tubes, thus protecting red-scale varieties_ 

: 
00100 

from infection and imparting resistance to them. In contrast, while-scale varieties lack 

ese two fungitoxic substances and therefore fail to stop the pathogen attack and remain 
susceptible to the disease. ' ' 

Similarly, resistance against fusarial wilts in certain varieties of flax is due to root exudates 
containing fu · "d h. h b k 
d ngitoxic substances. Resistant varieties of flax exude a glucosa e w 1c rea s-

thoWn aoct produces hydrocyanide (HCN). HCN is extremely potent poison to Fusarium spp. and, 

erefore, inhibits their action in the soil. 



6.2.1.2. Inhibitors Present in Plant Ci lls 
e 

. 1 
play a 

The plant eel) · . 
. 111a1n Y . 

defensive role aga~s;:tamarti~ertaul m pre-existing inhibitory substances wh1c::tant variet1e~ of 

. e p c ar pathogen. For instance the tubers of res concentrattons 

potato against_ potato scab disease caused by Streptomyces s;abies contain higher the tube~s of 

of chl~rogenac acid around on the lenticcls on their outer layers than do en in resistant 

sus~e~tible varieties. It is this acid which prevents the entry and spread of tl1e_ pa~o: contain high 

vaneties. Roots . of ~e ~sistant varieties of potato against Vertici/l~m: wilt ~:pintpinelli~ (a 

content of chlorogemc acid in comparison to susceptible varieties. S1nularly,_ t G/oeosponurn 

furocoun1arin) renders resistance to citrus lime leaves and protects them aga1nfisre blight disease 

I" . l I 
s to 1 

unetlico a. t has been found that the resistance in certain tissues of pear . This compound 

(Erw· · l · 
'd arbutan. . 

. zma amy ovora) ts related to the presence of phenolic gluco5• e d semiqumone, an 

is ~y~ol~d by J3-glucosidase of host origin resulting in_ glue~::: tulips by Fu~ariu'!' 

antimicrob1al compound. A tuliposide renders resistance to mfectio "bility is seen m tulip 

oxysporum f. sp. tu/ipae up to the last week before harvesting; the susc~ptt. de content in them. 

bulbs in the last week before harvesting when there is drop in the . tuhpos;ant cells of resistant 

However, it is considered that the pre-existing inhibitory substances m _th~ p ssed as a result of 

. . 
I . tance is expre 

v~etJes are not solely responsible for the resistance; fina reSIS D e mechanisms of the 

the contribution of pre-existing inhibitory substances and some other de enc 

plant. 

6.2.1.3. Lack of Substances Essential for the Growth of Path09en 

· 
· h ( bligate parasites), e·specially 

Some of the facultative saprophytes and most of b10trop s O •

6 
. 

· d I their single spec1 1c vanety of 

among the fungi, are generally host specific an grow on Y on · . . . 

· · 
h · 1· d athogens require certam specific 

host. This 1s thought to happen because such ost spec1a ize P . . . . 

substances and these substances are only available in adequate quantities m the_ host(s) they mfect. 

Therefore, absence of these specific substances makes the other varieties unsu1table-h~st for s~ch 

a pathogen. Only one example of this nature is well known. A. substance . present m s~edlmg 

varieties susceptible to Rhizoctonia fungus initiates hyphal-cush1on formatton from which the 

fungus sends its penetration hyphae inside the host plant. When this particular substance lacks 

in a seedling variety, as happens in varieties of seed ling resistant to this fungus, the hyphal cushion 

is not formed and the infection does not occur. 

Sometimes, a parti-eular race of a pathogen loses its ability to synthesize a certain substance 

due to mutation and this makes the pathogen race non-pathogenic. Only one such example has 

been reported so far. A fungus, namely, Venturia inaequa/is causes apple scab disease. Certain 

races of this pathogen recovered have lost their ability to synthesize a growth factor in them due 

to mutation. Races so mutated prove to be non-pathogenic to apple. 

6.2.1.4. Absence of Common Antigen in Host Plant 

Th~re is ~I ear evidence that ~resence of a common antigen (protein) in both host and pathogen 

detenmnes disease occurrence m the host But 1·r the ant· • b . th h t and present 

. . . , , . 1gen 1s a sent 1n e os ed 

only m 
th

~ pa
th

oge~ it ~:s the host resistant to that particular pathogen. This has been prov 

by serological studies with linseed rust disease caused b 11 l 1
. . d tar Ieaf~sp~ 

y iYie ampsora 1nz an angu 



;:.----
caused by Xanthomonas campestri 1 

·sease of cotto~ eed which have an anti en co s pv. m~ vacearum. It has been found that 

di ·etieS of hns . . . g mmon to their pathogen prove to be susceptible 
tbe vaf'l In contrast, the linseed vanet1es not having the anti . th L •• ~ • • 

d. ease• th th s. . . gen m em tJW .o.ccurnng m the 
to is .. - resistant to e pa ogen. imllar is the case with leafs t d. f 

th gen cu-- . / - po 1sease o cotton caused 
pa O h onas campestrzs pv. ma vacearum. 
bY tant om . 

2 2 post-Infection Biochemical Defence : Biochemicals Produced in Plants 
6• • • in Response to Pathogenic Attack 

pJant cells_ ~d tissues synthesize inhibitory substances to fight against infections caused by 

thogen or inJunes caused by any other means. These substances, which are generally fungicidal 

pa rungistatic, are produced around the site of injury or infection through a series of biochemical 

:actions and aim at overcoming the problem. Some important inhibitory substances are described 

as under. 

6.2.2.1. Phenolic Compounds · 

The main inhibitory substances that are synthesized by the plant cells or tissues -in response

to infection or injury are phenolic compounds. The latter are those which contain one or more 

benzene ring with one or more hydroxyl groups. The synthesis of phenolic compounds in plants 

takes place through 'shikimic acid pathway' or 'acetic acid pathway'; however, the-shikimic acid 

pathway is more important than the acetic acid pathway for the synthesis of phenolic compounds. 

There are some common phenolic compounds that pre-exist in healthy plants, but their 

synthesis or accumulation is accelerated when the healthy plant gets infected by a pathogen. 

These include chlorogenic acid, caffeic acid, umbelliferone, orthrodiphenols, scopoletin, 

isocoumarin, etc. What is said to happen actually is that these phenolic compounds are generally 

present in plant system even before the pathogen attack but their concentration is not sufficient 

enough to prevent infection. When a pathogen infects the plant, the latter either accelerates the 

synthesis of these compounds adjacent to infection site or accelerates the flow of pre-existing 

amount from healthy tissue towards the infected ones. · 

Chlorogenic acid is present in plants like sweet potato, white potato and carrot but its 

synthesis or accumulation is accelerated when these plants are infected by the fungus Ceratocystis 

fi~briata. Similar is the story of caffeic acid and umbelliferone in sweet potato when infected 

wnh the fungus Phytop/zthora infestans, and in local lesion-forming tobacco plants infected with 

tobacco mosaic virus. 

6
·2·2-2. Oxidative Burst and Generation of Nitric Oxide (NO) 

Oxidative burst and the generation of nitric oxide (NO) are amongst -me ~arliest defence 

~espouses operated by the plants against pathogen attack. During oxioative burst, reactive oxygen 

intermediates (RO Is) are generated that include superoxide anion (02 -), Hydrogen peroxide 

(8i02) and the hydroxyl radical (Oir). Reacti,ve·tixygen intermediates protect the plant from the 

Pathoge Th - - - · b ' · 'th 'tric oxide (NO) 
the n. ey are toxic to micro_9.manisms and, 1~ com matmn wt n~ . . , cau~e 

hyPersensitive death of -host cells, an effective defence mechanism agamst b1otroph1c 



_ • .c:!1'1eosion 
th Del . Sl>"'r • ye 

pa ogens, lcdomie and co-workers (200 I), for instance, demonstrated in soyl,ellll 
II 

reactl 

cultures that the efficient induction of hypersensitive response requires a balance betw~ 

oxygen intcnncdiates (RO!s) and nitric oxide (NO) production. tible plant 

Th fi . . . . . susceP roxide 
e 1rst report regarding the involvement of active oxygen species in a the supe . 

and pathogen interaction was given in 1983 by Doke. He noted the presence of to tuber uss~e 

anion (Oi) and hydrogen peroxide (H20 2
) in the hypersensitive response of p~t: is formed. Y 

· · "- · · b · · de an1° d (equation 
to m,ection ya race of Phytophthora infestans. However, the superoxt . NA1JPn 

O

) 

the addition of a single electron to molecular oxygen when the latter reacts w.itb yl radical (H . 2 

th erhydrox d' mutat10n 
6.1 ), whereas the superoxide anion (O;) is protonated to form e P taneous ,s 

equation 6.2, and the superoxide anion and perhydroxyl radical undergo spon 

to generate hydrogen and hydroxyl radical (OH""; equation 6.3). . .. (6.1) 

0 + NADPH ----+ o- + NADP + H+ 
2 2 

(superoxide . 

anion) 

o; + W ----+ HO
2 

(perhydroxyl radical) 

H02 + 0~ + H
2
0 ----+ H

2
0

2 

(hydrogen 

peroxide) 

+ OH+ 02 
(hydroxyl 

radical) 

. .. (6.2) 

... (6.3) 

6.2.2.3. Callose Synthesis and Deposition ·t d 
35 

pipillae 

. . d rapidly and depos1 e . 

Callose a A_ I 3-linked glucan, is frequently syntheSize th . 
10
• £'.ecti· on. Toe synthesis 

' f-' ' · · or pa ogen u 

(localized wall oppositions) as an early response to 1~Jury . . t is held in an inactive fonn 

. . t. r protem synthesis as I • . 

of callose does not reqmre gene transcnp ton ° "bl Callose deposition 1s a device 

and only needs activation of P 1-3 glucan synthase responsi tued. . s In a study of resistance of 

rta · d b some recent s 1e · 
of defence in plants hav~ ~een asce m~. Y b Ba les and colleagues, it was found that 

barley to Erysiphe gramz~zs f. sp. h~rdez m If 90 ~tivJs with callose-inhibitor (2-deoxy-D

the treatment of coleophles of resistant bar ey .c~ ··nae and increased the efficiency of 

glucose) decreased the formation of callose contammg pap1 . d 11 U 

netration by ·the fungus. Xi and co-workers ·(2000) compared pen~trat1on an ce wa 

'7i-rations of resistant and susceptible cultivars of barley at the seedling stage attacked by 

:U,;nchosporium seca/is, and concluded that resis~t c~ltivars showed about 81-99% alteraltons 

· h t II wall and about 0.1-20% penetration at mfection site, whereas the susceptible culbvars 

m os ce 
• b th · d 

showed about 30-78% alterations in host ceJI wall and about 32-89% penetration y e m,·a er 

at infection site. 

6.2.2.4. Cross-.finking of Cell Wall Proteins 

Cross-Unking of cell wall proteins have been considered as a defence device developed very 

rapidly in response to pathogen attack. These cross-linkin~ have been likened to a self-sealing 

car tyre and are thought to make the host cell wall more.defensive to penetration by the pathogens. 

"Extensin' has been identified such a cell wall protein which is subject to cross-linking. An elicitor 

preparation from yeast caused ..:ross-linking from the cell walls of suspension-cultured tomato. 

,-- I 



;,,,,,--
. 

. ·lad)\ twO ~ of soluble hydroxyproline--rich gl . -------

Sillll ~n round in suspension cultured potato cells hycoprotem (monomeric and cross-linked) 

bS'-e .,_.. • d hydro , w en the culture w · 

·n peroxidase an gen peroxide ("20) them . as moculated with tomato 

ex~rntein (HGFP) converted to the cross-link~ ~ onomenc fonn of hydroxyproline-rich 

;.>..,vr- onn. 

6
_2.2.5. Phytoalexins 

In contraSt to common phenolic compounds which . . 

h 
. ' pre-exist m healthy plant · • 

--nnnts there are some p enohc COlllp(Junds (few non- h 1. al . s m certam 

~ , . p eno ic so) which do not . 

;.. helltbyplants but are synthesized de nov~ in response to iniury. phys· I ·ca1 . u1 · . pre~x1st 

... · rod ts Th ~ ' 10 ogt sttm 1 mfectious 

"-~ts or therr p uc . ese comrounds are called "phytoalexins" and I , I 

l. h T compounds Th th · are ow mo ecular 

"'-eight, 1pop 1 ic · ey are sy 1 es1zed by and accumulate in plants. 

The basic concept of the occurrence ofphytoalexins and the term 'phyt l · , 
. . . oa exm were proposed 

by Muller an~ B?rger 10 
_ 1940 _working W!th late blight of potato (Phytophthora infestans). Tiiey 

noted that p~or moculation with potato tubers with an avirulent race of the pathogen protected 

them from disease when they were subsequently inoculated with a virulent strain. They eliminated 

antagonism between the two races as a cause of protection when they demonstrated that the two 

races grew together on a potato cultivar that was susceptible to both. Moreover, when potato tuber 

cells reacting to a avirulent race were cut away, the underlying tissue was still free of infection 

by the virulent race and other pathogens as well (e.g., Fusarium caeruleum). Muller and B>rger 

therefore proposed that the plants accumulated a defence substance and named it phytoal ~xin 

(G. phyton = plant, and alexin = protecting substance). Unfortunately, the progress in this fi~ld 

was delayed by Second World War and it was not until the early 1960s that any phytoalex.n 

wis isolated and characterized; phaseollin from beans and 'pisatin' from peas were the firs1 

phytoalexins identified. Since then more then 350 phytoalexins has been characterized {Kuc, 

1995). 

1. Biosynthesis and Mode of Action 

Phytoalexins are synthesized in live cells but cell necrosis follows very quickly possibly 

within minutes. Most phytoalexins are derived from one or other or combination of three major 

biosynthetic pathways (shikimic acid pathway, acetate-malonate pathway and acetate-meval?~ate 

pathway}. The pe.tk concentration of phytoalexin almost coincides with the onset of v1s1ble 

necrosis (Bell, 1981 ). The exact mechanism of phytoalexin production in plants is not understood 

with certainty, it is considered that a host plant metabolite interacts with specific receptor on the 

pathogen's membrane resulting in the secretion of "phytoalexin elicitor", which in tum enters 

the host plant cells and stimulates the synthesis of phytoalexins therein. Evidences have sh~wn 

tbat there are increases in translation and transcription of genes encoding enzymes responSib~e 

for the synthesis of intennediates close to the phytoalexin end product as well as the phytoalexm 

itself. So far as the mode of action of phytoalexins on pathogens is concerned, they are t?ou?ht 

to st0P the growth of pathogens by altering the plasma membrane and inhibiting the oxidative 

phosphorylation. 

2• Toxidty and Detoxification 

Phytoalexins ·affect a wide range of pathogens hence are non-specific biocides. Large 



diflierences . . . . . ttack plants that · m sensitt~ty,. h~wever,. may be found among pathogens which_ a 
5 

than avirulent ac ... ~ . cm--, ■ ..,.,late phytoalexms; vtrulent strains usually tolerate higher concentratt~n to degrade the ones.. such differences are usually due to the superior ability of virulent stra
1
ns tococca, which 

phytoalexin. Van Etten and colleagues (1989) found that strains of Nectria ha':»;,° demethylation. 
were virulent for pea were tolerant of its phytoalexin. pisatin, and could degrade it y . d b . ay be achieve y 

Plant pathogens employ various means to detoxify phytoalexins. Tb~s 
111 

f phaseollin from olati hydra · 1 oxidation ° • o on,. tion., and demethylation (Fig. 6.9). For examp e, .d. 1 frot11 peppers gives beans at the 6a position gives 6a hydroxypbaseollin, oxidation of capsi 
1

~~- and demethylation capsenone, hydration of phaseollidin from bean gives to hydrate ofphaseol t tn, 
of pisatin from peas gives to hydroxylated compound of pisatin. 

Fig. 6 .. 9. 
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Determination of Role of Phytoale,dn . 
0 

t-1. 

J · 
1n eience 

' Although many phytoalexins have been · 1 d 

. 1 in plant defence has pr d tso ate . and. identified successfully, detennination 

of thetr ;t d by a compound to b ov;l problematic. ?tfferent criteria have been established 

to be ful 
1 e e ca ed a phytoalexm, of which the following are the most 

ifJlportant. 

1 The isolated and identified compo d . 

. . 
un must acc~ulate m host tissue in response to 

infection. 

2. The compound must be inhibitory to the attacking pathogen. 

3. The ~om~ound must ac~um_ulate to· inhibitory concentrations all round the pathogen at 

the time 1t ceases growmg m the pJant. 

4. Variation in the rate of accumulation of the phytoalexin should result in a corresponding 

variation in the defence of the plant. 

5. Variation in the sensitivity of the attacking pathogen should result in a corresponding 

variation in its virulence. · 

All the first three criteria are mandatory, the remaining two providing corroborative evidence. 

Much of the early controversy about the role of phytoalexins in defence centred around the third 

criterion because, in a susceptible plant, the pathogen would invade for more tissue much of which 

would respond by accumulating phytoalexins but to insufficient concentrations to arrest the 

invading pathogen, several careful studies have resolved this controversial point. For example, 

Hahn and co-workers (1985) demonstrated that concentrations of the phytoalexin glyceollin I 

exceeded the needed value of concentration in resistant but not susceptible soybean roots by 8 

hour after inoculation. Cooper and co-weakers (1996) determined the concentrations of the cocoa 

phytoalexins required to inhibit the germination of the conidia of Verticillium dah/iae, the 

vascullar wilt causing fungal pathogen, and their concentrations in inoculated stems (Table 6.1 ). 

TABLE 6.1 

Comparative account of concentrations of phytoalexins from Theobroma cacao 

required to inhibit the germination of conidia of Verticillium dahliae with 

those found in stems of resistant plants inoculated with the fungus 

Phytoalexin 
£D50 (µg/ml) Concentration in 

Arjunolic acid 

3, 4-Dihydroxyacetophenone 

4-Hydroxyacetophenone 

Sulphur 

germination . inoculated stems 

12.8 
168 

92.5 

7.2 

3.6 

4.9 

2 

51 

They demonstrated that high concentrations of sulphur were present in scattered parenchyma 

cells that were in direct contact with xylem vessels, within vessel walls, and in gels which 

occluded the vessels._No elepJental -~l!!Qhur was ~ eorted in intact or injured plants or in inoculated 
.......__,.... --- . 
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plants of a susceptible variety. Stud' .th . . patboSC°' iancilenc C, 
ea . · I.CS Wt cotton and its bactenal dalene, those 

'"PCS~ pv. malvacean,m reveal that the phytoalexins 2, 7-dihydrO,cycs }lig1ter than 

and ~anctlc~ ~-: ·methyl ether accumulated to concentrations considerablY 
requtrcd to 1nh1b1t the bacterial pathogen in vitro. 

4. Some Important Phytoalexins h 
85 

p01ato, pea, 
Ph l . ecies sue 1,een found ytoa exms have been detected in such widely different plant sp . It hSS . . 
t tat b l . · ted into- ot w1thm a swee po o, ar ey, carrot, etc. and are being increasingly mvesuga bably n . 

th t th h · · l f but pro d chenucally a . e ost-spec1fic1ty of phytoalexins occurs among genera O , • d in detail an . . 

species or related species. However, only a few of them have been 5ludi_e haseollin, medicarpm, 

characterized. Some important phytoalexins are ipomeamarone, pisaun, p 

rishitin~ glyceollin I, orchinol, gossypol, cicerin, isocoumarin, etc. 

lpomeamarone 

lpomeamarone is a furanosesquiterpene ketone 

(tetrahydrofuran, C15H22
0

3
; mel.wt. 230) and is 

synthesized in the roots of sweet potato (lpomoea 

batata) infected with the fungus Ceratocystis 

0 

0 

c~ 
~ I 
Ctii-~-CHi-lH 

c~ 

fimbriata causing black rot disease. Biosynthesis of EAMARONE 
. . l l . "d IPOM 
1pomeamarone may mvo ve meva omc aci as a . d ectinase enzyme. It 

• d b · chemicals an P precussor and could perhaps also be mduce Y poisonous f ons and thus prevents 

functions as an inhibitor of electron transport and energy tranSfer reac 
1 

Ipomeamarone is also 

mycelial growth, sporulation, and protein synthesis of the . ~atbogent. fungus uelicobasidium 
• · fj · b violet roo ni 

produced in roots of sweet potato m response to m ection . Y · toxic to both non-

mompa, :md in presence of toxic chemicals. However, ipomeamarone 1st be no correlation 
. . • d b ten·a and there seems 0 pathoge:.uc and pathogemc fungi an to some ac , 

between its inhibitory effect and pathogenecity. 

Pi satin H
3
co 

Pisatin is a weak phytoalexin with broad 

spectrum. It possesses chromocoumarin ring 

system and is a phenolic ether (C
17

H
14

0
6

, mol. 

wt. 314 ). It has been reported produced by the 

exposed endocarp of detached pea pods in 

response to inoculation of many fungi (e.g., 

0 

'c~ 
OH 

0----1. 

Moni/inia fructicola, Ascochyta pisi) or injury. PISATIN 

0\ 
CH2 

I 
0 

When high concentrations of pisatin is accumulated, as happens when the storage temperature 

is nonnal and conditions are aerobic, the pea pods show resistance to these fungi. Studies reveal 

that plants produce high concentrations of pisatin as found in host against pathogenic fungi. 

Phaseollin 

Phaseollin is similar to pisatin in chemistry and function. It was isolated from detached. 

opened bean pods following inoculation with non-pathogenic fungus Monilinia fructicola. It has 

also been detected in bean leaves inoculated with the bacterium Pseudomonas phaseolicola. More 



;:...----

I I number of compounds such as 'phaseollidin, HO 

-M"ent Y• • d 'lei . , , 
I"'· . llinilOtla~ an ev1w_ne , ~hich are structurally 

~ to pbase<>lhn, have been identified from diffusates 

sinu_lar es inoculated with fungi, bacteria. and viruses 
or t)SSU • 

pbaseollin has been found important in determining 

. ... nee at variety level to bean anthracnose caused by o 
res1s..-• 1 · d /; . l 
Colletotrichum m emut 1

1

1~num. t acc~ulates_ more PHASEOLLIN 

·d}y in bean bypocoty inoculated with an avirulent 
~I . 

race of the pathogen as agamst much lower accumulation when inoculated with a virulent race. 

Medfcarpin 
This antifungal compound was isolated from diffusate solutions of leaves of Medicago spp. 

(alfalfa) when ino~ulated wi_th many pathogenic and non-pathogenic fungi such as Colletotrichum 

p/,omoides, HelmmthosP_or,um turcicum. This antifungal compound has been identified as <:) 
dimethyl-homopterocarpm and named 'medicarpin'. Medicarpin occurs very commonly m 

legumes and is subject to detnethylation. Possibly significantly, demethylmedicarpin was found 

in leaves of groundnut susceptible to leaf rust caused by Puccinia arachidis but not in cultivars 

which were resistant (Subba Rao and co-workers 1996). 

Rishitin 

Risbitin is a nonsesquiterpene alcohol and is produced 

by potato tubers of Solanum tuberosum var. rishiri 

inoculated with zoospores of an incompatible race of 

Phytophthora infestans; produced by potato tubers 

inoculated with Fusarium solani f. sp. phaseoli. 

Glyceollin I 

Glyceollin I has been isolated from soybean roots 

inoculated with the fungus Plzytophthora megasperma. o 

f. sp. glycinea. Inoculation of fungal races on susceptible 

host cultivars resulted in lower concentrations of glyceollin 

1 than in inoculations of fungal races on resistant 

cultivars in which the concentrations were higl1er. Plant 

pathologists suggest that the higher concentrations of 

the phytoalexin in resistant cultivars are the result of 

HO 

HO 

RISHmN 

0 

OH 

reduced biodegradation rather than increased biosynthesis. GLYCEOLUN I 

R~cently in 1991, when a resistant cultivar and a susceptible cultivar of soybean were inoculated 

~1th the soybean cyst ne111atode, Heterodera glycines, it was found that glyceollin I accumulated 

in the head region of the nematode 8 hour after inoculation in 

the resistant cultivar, whereas none was found in the nematode inoculated in the susceptible 

cultjvar 
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Otchmol is broad e dwhole tuber. Antimicrobial spectrum of 
G an hardly specific. 

ossypol 
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Gossyp 1 • v- 0 1s an eth 
1 

fr m xylem 
essels of the excised er so uble plenol and has been first isolated in 1967 by Bell 

O 

d •u 
con id· sterns of G . . · 0 culate w1 1 

ia of Verticill · ossypium species and several cultivars of cotton in . 
met.ab 1 · . . zum albo-atr d . • and vanous 
. 

0 1
c inhibitors H um an Rhizopus nigricans, heavy metal ions . 

tnverseJy to the vir. I e related gossypol and gossypol-Jike compounds to host resistance and 

u ence of the pathogen. 

HO 

HO 

HOC 

GOSSYPOL 
Cicerin 

OH CHO 

OH 

OH 

Cicerin is composed of to fl 
from Cicer (gram) disesed b A uorescent phenols or phenolic compounds and has been isolated 
durmg the course of interact~ sbcoclzyta blight. This compound diffuses into inoculation droplets 

scochyta rabie. po tissues of Cicer arientinum and the pathogen fungus 
A 

ion etween d · 

lsocoumarin 
lsocoumarin is produced in the tap root f f (Da, ) . issues o carrot 
,cus carota mocLilated with Cyratocystis fimbriata, a non- H3CO 

pathogen o~ carrot roots. This compound is also produced in 

some quantity when tap root tissues of carrot are inoculated with 

fungal pathogens such as Fusarium oxysporum f.sp. lycopersici, 

Rhizopus stolonifer, Helminthosporium carbonum. 

OH 0 

ISOCOUMARIN 

H 

CHa 
0 

Besides the above described, some other phytoalexins have also been isolated in recent years. 

Such phytoalexins are : Trifolirhizin (isolated from the roots of red clover); Wyerone acid 

(isolated from the leaves of broad bean infected with fungus Botrytis fabae); hircinol (isolated 

from Loroglassum hircinum against outside stimulus); capsidiol (isolated from diffusates from 

~ptr, C11psicum frutescens, inoculated with number of non-pathogenic fungi); xantbotoxlo 

(t!iObltd fiom !be top millimeter of parsmp root d!scs moculated with Ceratocystis fimbnat~ 

tl -pa tl>n!:'< n); c 
II 
ma lex in from Aro bi dopsis tlialiana; casbene from Ricmus communis, 

pb~111brrio from Salo11um tuberosum: etc. 



L -

~ 
f.l.1•6• H-,dfDXYPtOll,,..rlt:h Glycoproteins (HRGPs) 

.. udroJYProllne-rlch glycoproteins (HRGPs) constitute a s1·gru·fi t rt' f th 

PJ"" t · I t II 
can propo 10n o e 

in content presen m P an ce walls. HRGPs are constitutive and are induced by injury and 

~ ti<)n, ~creased amounts of HRGPs in the ~e~l walls of infected tissue in comparison to low 

~ts in healthy plant eel~ walls, and prov1dmg template by them for lignin deposition in 

mae provid~ data sup~rtmg the role of HRGPs in defence of plants to pathogens, though 

p&P h still remains to be discovered regarding their mechanism of action In 1990 for example 

1]1UC 
• 

• • , ' 

ffRGPs were found a~~umulated m the root cells of tomato mfected by Fusarium oxysporum 

f. sp. radicis-/ycopers1c1, an~. were also found associated with necrotic tissue in tobacco formed 

a result of the hypersensitive response to TMV. It was also found during the same year that 

:ydr<>xyproline-rich glyc_oproteins accumulated in walls of living plant cells adjoining dead 

hypersensitive cells _dunng defence reactions in bean leaves inoculat~ with Pseudomonas 

svringae pv. phaseolico/a ( a pathogen of bean) and hypocotyls inoculated with Co/letotrichum 

ltndem11Jhianum. HRGPs have also been reported accumulated in intercellular material 

encapsulating the cells of Pseudomonas jluorescens as well as in small papillae adjacent to 

bacterial colonies. 

6.2.2.7. Pathogenesis-related Proteins (PR-proteins; PRPs) 

Although many proteins are synthesized by plants in response to-injury and pathogenic attack, 

some of these are associated with strengthening the defence responses as discusse.d earlier. 

Pathogenesis-related protein (PR-proteins or PRPs) are recently explored and their role in plant 

defence was earlier unknown. PR-proteins are the proteins enc~ed by plants in response to 

infection by pathogens and are associated with the developqiept (?f systemic aquired res_i~tance 

(SAR). Van Loon and Van Strien (1999) have classified PR-proteins into 14.families (Table 6.2). 

Some of the properties of alt PR-protein families (except PR-1 family) are well established and 

in several instances clearly point to th_e mechanisms by which they defend the plants. For instance, 

PR-proteins with -P-1,3-glucanase or chitinase activity are able to inhibit fungal pathogens by 

attacking the glucans and chitin, the major constituents of the fungal cell walls. Transgenic plants 

with chitinase gene show good resistance against Rhizoctonia solani. Sticher and co-workers 

(1997) state that several mutants of Arabidopsis provide evidence for the role of PR-proteins in 

defence. A mutant (cpr J) of Arabidopsis that expresses PR-proteins, for example, was found 

more resistant to Peronospora parasitica and Pseudomonas syringae. 

6,2.2.8. Systemic Acquired Resistance {SAR) 

Systemic acquired resistance (SAR), a phenome}lon -first desc;ribed by Chesters jn 1930s 

and Ross in 1966 in tobacco inoculated with tobacco mosaic virus (TMV) and mistaken for 

lon_g, has become a subject of great importance and inquiry in recent years. Systemic acquired 

~es~stance (SAR) refers the resistance that develops in plants at a distance from an initial JocaJ 

esion. It is now incontrovertible that plants infected by initial {primary) inoculum of pathogen 

~CSUlting in localized necrotic symptoms show resistance to a secondary inoculum of pathogen 

1nfe · 
· 

Cbng them at a later date. The pathogen used as the secondary inoculum may be the same 

as that for the initial (primary) inoculum or an entirely different one since systemic acquired 



resistance is oft ffi . . 
fungal pathogen 

Coll . en e ecttve agamst variety of plant pathogens. For instance, the ainst other 

etotrzchum lag · . . . . . d d SAR ag 

fu . enarzum used as m1tial moculum on cucumber m uce teins (PR-

n~l, bactenal, and viral pathogens. Accumulation of pathogenesis-related pr~s the most 

p~otems) and salicylic acid in parts of plants away from initial local symptoms ,.er for the 

di t· · · 
. b a roar~ 

s mctive feature of systemic acquired resistance and is considered to e 

phenomenon. 

TABLE 6.2 d roperties 

Fourteen families of PR-proteins, their type members, an P 

Family Type member Properties 

PR-1 Tobacco PR-la 
Unknown 

PR-2 Tobacco PR-2 
~-1 ,3-glucanase 

PR-3 Tobacco P,Q 
Chitinase types I, II, Ill, IV, V, VI, VU 

PR-4 Tobacco 'R' · 

PR-5 

PR-6 

PR-7 

PR-8 

PR-9 

PR-10 

PR-11 

PR-12 

PR-13 

PR-14 

Tobacco S 

Tomato Inhibitor I 

Tomato P69 

Cucumber chitinase 

Tobacco 'lignin-fonning peroxidase' 

Parsley 'PR I' 

Tobacco class V chitinase 

Radish Rs-AFP3 

. Arabidopsis THI2. l 

Barley LTP4 

Chitinase types I, II 

Tuaumatin-like 

Proteinase inhibitor 

Endoproteinase · 

Chitinase type Ill 

Peroxidase 

'Ribonuclease-like' 

Chitinase, type I 

Defensin 

Thionin 

Lipid-transfer protein 

Seven criteria have been suggested to differentiate systen1ic acquired resistance from other 

resistance mechanisms, and they are : (I) localized as well as systemic protection, (2) non

specificity of protection, (3) no any toxic effect of primary inoculum pathogen on the challenging 

secondary inoculum pathogen, (4) time interval between application of primary inoculum and 

the onset of resistance, (5) lack of any typical dose response cor:relation known for toxic 

compounds, (6) induced-resistance suppression by a previous application of specific inhibitors, 

and (7) dependence on the plant genotype. 

6.2.2.9. Induced Systemic Resistance (JSR) 

There are many microorganisms, present in the vicinity of the plant, that induce systemic 

resistance in plant to pathogens. Considerable population of bacteria inhibits plant root surfaces 

and their presence often iI}duces poth growth and plant stand owing to their suppressio~ of 

pathogens. Although the mechanisms of antagonism (Chapter 17; antibiosis, comptetto~, 

parasitism) may be responsible, it is now being claimed that suppression of pathogens 15 

al.so mediated through the activation of host defence mechanisms _ through JSR. It has 1,ee.o · 



nstrated that when Pseudomonas fluoresc . 

deJllO . and the stems were inocul t d "th ens ~tram WCS4 I 7 was applied to roots of 

... 11tat1on a e WI Fusanum oxv f d · h · ft k 
(;"'·- ·t', station of disease wa .d ..,sporum . sp zant z a er a wee 

111ani1e s cons1 erably d d · 
the · t d fr F. re uce . Smee the P. jluorescens was 

• Ily separa e om . oxysporum th · . 
5pac1a · d . . ' e resistance m plant must have been induced by P. 

cens Induce systemic resistance diffi fr . 
fiuores · . d b th . , ers om systemic acquired resistance in that it is 

· ccomparue Y e accumulation of p th • . 
not a th . a ogenests-related protems (PR-proteins) and is 

. d ndent of e accumulation of salicyr ·d 1· 
. 

111 epe . IC ac1 • n contrast to systenuc acquired resistance 

· duction of mduced systemic resistance m· I . . . ' 
the J.11 some P ants at least requrres ethylene and Jasmomc 

acid. 

6.2.2.10. Substances Produced to Resist Pathogen Enzymes 

It bas been studied that plants, in response to pathogen attack, produce certain substances, 

which are not degraded by enzymes of pathogens. Hence, such substances impart resistance to 

plants against pathogens. For instance, Rhizoctonia solani causes necrosis in bean plants. In 

resistant varieties of bean, the entry of the pathogen results in the separation of methyl group 

from methylated pectic substances and forms polyvalent cations of pectic salts, which contain 

calcium. The ions of calcium accumulate in infected as well as neighbouring healthy tissue and, 

because of this, the pathogen fails to disintegrate the middle lamella by its polygalacturonase 

enzymes. We all know that the polygalacturonase enzymes generally disintegrate the pectic 

substances of middle lamella in susceptible varieties. 

6.2.2.11. INctivation of Pathogen Enzymes 

In contrast to the earlier described phenolic compounds which are antimicrobial and inhibit 

the growth of the pathogen inside host, there are several phenolic compounds or their oxidation 

products, which are reported to inactivate enzymes produced by the pathogens and this induces 

resistance in plants. For instance, some of the varieties of cider apple are resistant to brown rot 

disease caused by fungus Sclerotinia fructigena. It is considered that this resistance is due to the 

ability of phenolic oxidation products in these apple varieties to inactivate pectinolytic enzymes 

produced by the pathogenic fungus. 

6.2.2.12. Detoxication of Pathogenic Toxins 

It has been studied that in resistant varieties of plants, which get diseased as a result of toxins 

produced by the pathogens, the pathogenic toxins released are detoxified b~ the ability of 

metabolic processes. For instance, Magnaporthe grisea (Pyricularia oryzae), while causing·b_Iast 

disease of rice, releases picolinic acid and pyricularin toxins inside the host. Though sus~ept~b~e 

Varieties get affected by these toxic substances, the resistant varieties convert 40-60% ofpicohmc 

acid into its methylester and N-methylpicolinic acid, and pyricularin into other compounds. These 

resistant compounds are not toxic to rice plants. Simi_larly, resistant v~eti:s of ~otton an~ tomato 

rapidly metabolize the toxin fusaric acid into non-toxic N-~ethylfusanc acid amide when mfected 

With Fusarium oxysporum f.sp. vasinfectum ( cau~ing wilt of cotton) and Fusarium o:xysporwn 

f.sp. lycopersici ( causing wilt of tomato) respectively. 
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LECTURE 1 

INTRODUCTION TO THE SCIENCE OF PHYTOPATHOLOGY: ITS IMPORTANCE, SCOPE 

AND CAUSES OF PLANT DISEASES 

SCIENCE OF PHYTOPATHOLOGY OR PLANT PATHOLOGY AND ITS 
IMPORTANCE 

Science of Phytopathology or Plant Pathology and Its Importance 

 Plant protection has been accepted as broad area of research and technology at the 
national level by the Indian Council Agricultural Research, New Delhi; and Plant 
Pathology is an important discipline of Plant Protection. 

Plant Pathology- Definition 

 Plant Pathology, also known as Phytopathology is a branch of agricultural, biological 
or botanical science which deals with the study of diseases in plants - their causes, 
etiology, epidemiology, resulting losses and management.  

Relation to other Sciences 

 Plant pathology is related to many other sciences such as virology, mycology, 
bacteriology, microbiology, physiology, chemistry, genetics, biotechnology etc., all of 
which provide the knowledge required for the correct diagnosis and management of 
plant diseases. 

Objectives of Plant Pathology 

 To study living, non-living and environmental causes of diseases or disorders of the 
plants. 

 To study the mechanism of plant disease development. 
 To study interaction between host/susceptible and the pathogens. 
 To develop systems of management of plant diseases and reducing losses caused by 

them. 

 
Importance of Plant Diseases or Plant Pathology 

 Losses they cause. 
 About 34% of the crop produce is lost annually due to diseases, insect-pests and 

weeds on the global basis (Cramer, 1967); out of which, 12% is lost due to diseases 
(caused by fungi, bacteria or viruses), 11% due to nematodes, 7% due to insect-pests 
and 3% due to weeds.  

 When plant protection measures are not implemented, annual loss of 30-50% are 
common in major crops including horticulture (Encyclopedia Britannica, 2002) 
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Epidemics 

 Late blight of potato caused by Phytophthora infestans was responsible for causing 
Irish famine in 1845 by destroying the potato crop, the staple food of the people.  

 Hundreds of thousand people died of hunger and disease, and there was a large scale 
migration of the population to other countries including North American continent.  

 The population of Ireland was 8 million in 1940, which was reduced to 4 million after 
the famine.  

 This single disease forced man to realize the importance of plant diseases, and 
brought the science of Plant Pathology to lime light. 

Other Famines 

 Wheat rust epidemics occurred from time to time in many countries. Wheat rusts 
forced farmers to change their cropping pattern and wheat was replaced by corn or 
maize or rye.  

 Brown spot of rice caused by Helminthosporium oryzae was responsible for Bengal 
famine in 1943, which many people think one of the reasons for the division of 
Bengal  

 Coffee rust caused by Hemileia vastatrix forced to cut down the coffee plants in Sri 
Lanka in 1867.  

 Powdery mildew of grapevines caused by (Uncinula necator), by 1854, reduced the 
French wine production by 80 per cent. 

 In 1878, the downy mildew caused by Plasmopara viticola ultimately led to the 
discovery of Bordeaux mixture. 

Losses in India 

 Wheat rusts cause a loss of Rs. 400 crore annually. 
 In the years of epidemics, losses are Rs. 5000 crore or more.  
 Loose smut of wheat is estimated to cause an average loss of 3 per cent (about Rs. 500 

crore) every year.  
 Other plant diseases such as red rot of sugarcane, potato viruses, rice blast and blight, 

Karnal bunt of wheat, root knot of tomato, eggplant and cucurbits, apple scab, mango 
malformation, bunchy top of banana and sandal spike are responsible for huge losses.  

Effect on Society 

 Infected grains or the fruits may contain toxins (such as aflatoxin, fumonosin) which 
cause insanity, paralysis, stomach disorder and liver cancer.  

 The money spent on the management of plant diseases is also a loss because in the 
absence of diseases this money could be saved.  

 There are many other implications on the transport and agro-based industry in the 
event of plant disease inflicted yield loss.  

 There is restriction on the movements of food grains and other agricultural produce 
due to the threat of quarantine pathogens and pesticide residues in the produce 
causing further loss. 
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CAUSES OF PLANT DISEASES 

Causes of Plant Diseases 

 Plant diseases are caused by a variety of pathogens.  
 The word pathogen can be broadly defined as any agent or factor that incites 

‗pathos‘ or disease in an organism. Thus in strict sense, the pathogens do not 
necessarily belong to living or animate groups.  

Abiotic (Inanimate) factors 

 They include mainly the deficiency or excess of nutrients, light, moisture, 
aeration, abnormality in soil condition, atmospheric impunities etc. 
Examples are: Black tip of mango (due to SO2 toxicity), khaira disease of 
rice (due to Zn deficiency), whiptail of cauliflower (Mo deficiency), hollow 
and black heart of potato (due to excessive accumulations of CO2 in 
storage), bitter pit of apple (due to Ca deficiency).  

Mesobiotic causes 

 These are the disease incitants which are neither living nor non-living. They 
are considered to be on the threshold of life. They are: 

 Viruses: They are infections agents made up of one type of nucleic acid 
(RNA or DNA) enclosed in a protein coat. Examples of viral diseases of 
plants are: potato leaf roll, leaf curl of tomato and chillies, and mosaic 
disease of many plants. 

 Viroids: They are naked, infectious strands of nucleic acid. They cause 
diseases like potato spindle tuber, citrus exocortis, chrysanthemum stunt, 
cadang cadang of coconut palm, star crack of apple, etc. 

Biotic (Animate) causes 

This category includes the pathogens which are animate or living or cellular 
organisms. They are: 

 Prokaryotes like bacteria which are unicellular prokaryotic microorganisms 
lacking true nucleus. Examples of diseases caused by true bacteria are: 
brown rot or wilt of potato, soft rot of potato and vegetables, , citrus canker, 
etc.  
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i) Phytoplasma are wall-less prokaryotes and cause diseases like peach X.  
ii) Fastidious bacterium, Xylella fastidiosa causes almond leaf scorch, 
Pierce‘s disease of grapevine. 

 
 
 

 Eukaryotes are the organisms with true nucleus. 

i) Fungi: Potato wart, powdery mildew, rust, smuts, red rot of sugarcane (nearly 
80% of plant diseases are caused by fungi). 
ii) Straminopiles (Oomycetes): Downy mildews, late blight of potato, white rust of 
crucifers, damping off etc. 
iii) Protozoa: Hart rot of coconut palm and phloem necrosis of coffee. 
iv) Algae: Red rust of mango or papaya or litchi 
v) Metazoan animals (Nematodes): Root knot of vegetables, ear cockle of wheat, 
citrus decline etc. 
vi) Parasitic flowering plants (Phanerogamic plant parasites): Dodder, Striga, 
Orobranche, Loranthus, Phoradendron, etc. 
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LECTURE 2 

HISTORY OF PLANT PATHOLOGY (EARLY DEVELOPMENTS AND ROLE OF FUNGI IN 

PLANT DISEASES) 

ANCIENT HISTORY 

 Since organized agriculture developed 4000 years ago, special attention was given to 
plant diseases and pests. Symptoms such as blight, wilt, root rot, etc. were known to 
the people at that time.  

 In Rig Veda, germ theory of disease was also advocated and the men of learning in 
Vedic period (Ca. 1500-500 BC) were aware that the diseases were caused by 
microorganisms. While this fact was not perceived by majority of the scientists in 
Europe only until 120 years ago. 

 Vraksha Ayurveda, a book written by Surapal in 11th century in Ancient India is the 
first book in which much light has been thrown on plant diseases. The diseases have 
been divided in 2 groups: i). Internal (probably physiological disorders), and ii) 
External (probably infectious diseases).  

 Symptoms of plant diseases are also mentioned in old testaments like Bible, 
Shakespear‘s poems and dramas and other Christian literature. Rust, smut, mildew 
and blights are very often quoted in Bible. 

 In his book, ―Enquiry into Plants‖, Theophrastus (286 BC), a Greek philosopher, 
recorded his experiences about plant diseases in a book. His experiences were based 
on imagination and not on experimentation.  

 After Theophrastus, no definite opinion could be formed about plant diseases for the 
next 2000 years, although diseases continued to harm the crops and puzzle scientists 
of those days.  

 During this period, the plant diseases were attributed to many causes which included 
divine power, religious belief, superstitions and effects of stars and wrath of God, etc. 

 The Romans used to celebrate a festival called ‗Robigalia‘ to ward off rust. It is 
reported to be initiated by the king Numa Pompilus around about 700 BC to please 
the ‗Rust God‘ Robigo and continued with modifications in the Christian era. 

 The association of barberry with stem rust of wheat has been recognized by the 
farmers for centuries. In 1660, the farmers in France secured passage of law which 
required destruction of barberry bushes in that area. Similar laws were made and 
executed strictly in United States in early 18th century. 

 Antony van Leeuwenhoek observed the microorganismic cells for the first time under 
microscope in 1674. 

 The Italian botanist Pier Antonio Micheli, also known as Father of Mycology first 
observed fungi and saw their spores. He also demonstrated that if spores of these 
fungi are placed on the pieces of fruit, they grew into new thalli of the fungus. Though 
this was a successful experiment, it was not accepted universally.  

 He wrote a book entitled, ‗Nova Plantarum Genera‘ in 1729. Many of such early 
researches were not accepted because of the strong belief of the people in the ‗Theory 
of Spontaneous Generation‘ in which microorganisms spontaneously or automatically 
originate from inanimate or non-living matter.  

 In 1743, Needham, an English Clergyman and naturalist upheld strongly this theory. 
To prove his point, he boiled meat broth in flask which was corked.  
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 In 1775, Lazarro Spallanzani, an Italian investigator challenged Needham and set out 
to prove that decay of meat broth by bacteria and other lower forms of life could be 
prevented by heating the material in a flask which was sealed off in such a way as to 
exclude contamination from the air. He, however, did not receive recognition and was 
refuted by opponents who did not get the results due to their faulty techniques. 

 Carl von Linne (Linnaeus), a Swedish scientist wrote a book entitled, ―Species 
Plantarum‖ in 1753 and is credited with giving binomial nomenclature.  

 C.H. Persoon‘s ―Synopsis Methodica Fungorum‖ (1793) is the chief starting point for 
the nomenclature of the Uredinales, Ustilaginales and Gasteromycetes. 

 E.M. Fries (1821-1832) was a Swedish scientist and is regarded as ‗Linnaeus of 
Mycology‘. His Systema Mycologicum is the chief starting point for the nomenclature 
of fungi. 

 In 1775, Tillet, a French botanist published a paper on bunt or stinking smut of wheat. 
He proved that such wheat seeds that contained a black powder on their surface 
produced more diseased plants than the clean seeds. He believed that the disease was 
caused by some poisonous substance produced by the black powder. He also observed 
a reduction in disease incidence when the seeds were treated with salt and lime. 
Therefore, it can be said that he was an experimenter who lived ahead of his times.  

 Felice Fontana, an Italian physicist and naturalist published a paper in 1767 in which 
he expressed the view that grain rust was a distinct parasitic entity. He distinguished 
the red and black stages of wheat rust and made microscopic drawings. 

 Benedict Prevost, who was Swiss Professor of Philosophy at the Academy of France, 
in 1807 discovered the life cycle of bunt fungus. He studied germination of wheat 
bunt fungus spores and conceived the idea that this organism penetrated the young 
wheat plant and was the actual cause of the disease.  

 Prevost‘s experiments provided the first proof and interpretation of the role of 
microorganisms in the causation of the disease. He also demonstrated the control of 
smut by steeping seeds in a solution of copper sulphate.  

 Tulasne brothers (R.L. and C. Tulasne) of France who have produced illustrated 
descriptions of rust and smut fungi, had also confirmed the findings of Prevost.  

 In 1845, late blight devastated the potato crop in Ireland and other parts of Europe 
which attracted the attention of mycologists and plant pathologists to plant diseases. 
Much of early literature on this disease is found in ‗Gardener‘s Chronicle‘. 

 M.J. Berkeley who was the most prominent British mycologist was at first somewhat 
conservative in supporting of the parasitic theory, but advocated it strongly in 1846.  

 Montague in France in 1845 described the causal fungus as Botrytis infestans. 
However, the fungus was real cause of this disease and not the result was proven 
experimentally by Speers and Schneider in 1857 and Anton de Bary (1861, 63). 

 

 

 

 

 



Fundamentals of Plant Pathology 

 

www.Agrimoon.com Page 10 

MODERN EXPERIMENTAL PLANT PATHOLOGY 

 The foundation of modern experimental plant pathology was laid by the German 
scientist Heinrich Anton de Bary (1831-1888). He made a great contribution to the 
understanding of science of Plant Pathology and is suitably regarded as Father of 
Modern Plant Pathology. His major contributions are:  

 He confirmed the findings of Prevost in 1853. 
 In 1861, he experimentally proved that Phytophthora infestans was the cause of late 

blight of potato. He is credited with the ultimate proof of the organisms being plant 
pathogens. 

 He studied other diseases like rusts, smuts, downy mildews and rots. 
 He reported the heteroecious nature of rust fungus in 1885. 
 He also reported the role of enzymes and toxins in tissue degradation caused by 

Sclerotinia sclerotiorum in 1886. 
 de Bary was first to report that lichen consists of a fungus and an alga, and coined the 

term symbiosis.  
 He studied in detail the life cycle of downy mildew fungi and their parasitism. 
 His well known text book ―Morphologie und Physiologie der Pilze Flechten und 

Myxomyceten‖ written in 1866 and 1884 records the broad classification of fungi. 
 He trained a large number of students from all over the world who came to his 

laboratory.  
 More than 60 of them became prominent in field and carried his techniques.  
 Famous among them were M.S. Woronin of Russia, who studied club root of crucifers 

caused by Plasmodiophora brassicae; P.A. Millardet of France; HM ward of England, 
who studied coffee rust in Sri Lanka and gave ‗bridging host theory‘, Fallow of 
U.S.A., who spent his long active career as cryptogamic botanist, and provided 
leadership in study of parasitic fungi; and A. Fisher of Switzerland worked on 
bacterial Plant Pathology and is known for the infamous Fisher –Smith controversy 
regarding the role of bacteria in causing plant diseases. 

 J.G. Kuhn, who was a contemporary of de Bary and his countryman, was, initially a 
farm manager. He contributed significantly to the studies on infection and 
development of smut in wheat plant and development and application of control 
measures, particularly seed treatment for cereals.  

 He wrote the first book on Plant Pathology ―Diseases of Cultivated Crops, Their 
Causes and Their Control‖ in 1858 in which he recognized that plant diseases are 
caused not only by an unfavourable environment, but can also be caused by parasitic 
organisms such as insects, fungi and parasitic plants. 

 The theory of spontaneous generation was a major impediment in the development of 
science of Plant Pathology, which was finally disproved by Louis Pasteur who 
established the ‗germ theory of the disease‘ in case of anthrax in relation to man and 
animals. It changed the way of thinking of scientists and led to a tremendous progress.  

 Significant impetus to this progress was added by Robert Petri, who developed 
artificial nutrient media for culturing of microorganisms and Brefeld 
(1875,1883,1912) who contributed greatly to Plant Pathology by introducing and 
developing modern techniques for growing microorganisms in pure culture.  

 Robert Koch (1876) who was a Germen Physician and co-worker of Pasteur 
established that for proving that a certain microorganism was the cause of some 
infectious disease, certain necessary steps (Koch‘s postulates) must be carried out and 
certain conditions must be satisfied. They are:  

 A specific organism must always be associated with the disease. 
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 The organism has to be isolated in pure culture. 
 The organism must produce specific disease in a healthy susceptible host when the 

latter are inoculated with it. 
 The organism must be re-isolated from the experimental (diseased) host in pure 

culture and its identity be established and it must have the characteristics as the 
organism in step 2. 
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LECTURE 3 

HISTORY OF PLANT PATHOLOGY (ROLE OF OTHER PLANT PATHOGENS) 

ROLE OF OTHER PLANT PATHOGENS 

Bacteria as Plant Pathogens 

 In 1882, T.J. Burrill of USA for the first time reported that a plant disease (fire blight 
of apple and pear) was caused by a bacterium (now known as Erwinia amylovora).  

 Wakker (1883) showed that yellows disease of hyacinth was also caused by a 
bacterium.  

 E.E. Smith of USA is regarded the most outstanding and main contributor to the 
discovery of most of plant diseases due to bacteria since 1895. He is considered 
Father of Phytobacteriology for his discoveries and methodologies. 

 Smith‘s name is still remembered as he resolved the controversy with the German 
scientist A. Fischer (1897, 99) who did not agree that bacteria were the causes of 
diseases in plants.  

 Smith was also among the first to notice and study the crown gall disease (1893, 
1894). He considered crown gall similar to cancerous tumors of humans and animals. 

 Later in 1977, it was demonstrated by Chilton and his team that the crown gall 
bacterium, Agrobacterium tumefaciens transforms the normal plant cells in tumour 
cells by introducing into them a part of plasmid which becomes inserted into the plant 
cell chromosome DNA. 

Viruses 

 Virus diseases of plants have a long history. Among many diseases of unknown 
cause, potato leaf roll, as ‗leaf curl‘ gave concern in the 2nd half of 18th century and 
broken tulips were illustrated by painters 200 years before that.  

 There were many methods of transmission of leaf mottling of jasmine and passion 
flower by grafting. 

 In 1886, Adolf Mayer, a Germen Director of Agricultural Experiment Station at 
Wageningen, Netherland, introduced the term ‗mosaic‘ and showed that the mosaic 
was infectious and the juice from infected plants if applied to the healthy plants could 
reproduce the disease.  

 In 1891, Smith showed that the peach yellows was contagious disease and could be 
bud transmitted. 

 In 1892, Dimitri Ivanowski proved that the causal agent of tobacco mosaic disease 
could pass through bacteria proof filters.  

 In 1898, Beijerinck, (Father of Plant Virology) a distinguished Dutch microbiologist, 
demonstrated that the causal agent of tobacco mosaic could diffuse through an agar- 
agar membrane and concluded that the tobacco mosaic was caused by a non-
corpuscular ―contagium vivum fluidum‖ (or contagious living fluid) and called 
founder of virology and it‘s a virus.  

 Stanley (1935) obtained a crystalline protein by treating the juice of the tobacco 
mosaic infected leaves with ammonium sulphate, which when placed on the healthy 
leaves could produce the disease symptoms. It was the first major contribution 
regarding the nature of the viruses and was awarded Noble Prize for it.  
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 In1936, Bawden and Pirie discovered the real nature of the Tobacco mosaic virus and 
demonstrated that the crystalline preparations of the virus actually consisted of not 
only proteins but also small amount of nucleic acid (RNA).  

 In 1939, Kausche et al. viewed first Tobacco mosaic virus particles under electron 
microscope. 

 Finally in 1956, Gierrer and Schramm showed that the nucleic acid fraction of the 
virus is actually required for infection and multiplication in the host and protein coat 
provided the protective covering to it. 

Viroids 

 In 1971, Diener and Raymer reported that the potato spindle tuber disease was caused 
by a small (250-400 base pair long), single stranded circular molecule of infectious 
RNA, which he called a viroid.  

 Viroids seem to be the smallest nucleic acid molecules to infect plants but no viroid 
has so far been found in animals.  

 Since then a dozen more viroids have been reported.  
 In 1982, a circular single stranded viroid-like RNA (300-400 base pairs long) was 

found encapsidated together with the single stranded linear RNA (about 4500 base 
pairs long) of velvet tobacco mottle virus. This small circular RNA was called 
Virusoid which seems to form an obligatory association with the viral RNA in many 
plant viruses.  

Phytoplasma and Rickettsia like Organisms  

 Doi et al. (1967) and Ishiie et al. (1967) independently observed Mycoplasma Like 
Organisms (MLOs) now called as phytoplasma in the phloem of plants exhibiting 
yellows and witches‘ broom symptoms (earlier thought to be caused by viruses). 

 The number of plant diseases of phytoplasma etiology is large. Some examples are 
aster yellows, mulberry dwarf, potato witches‘ broom and sandal spike.  

 These organisms resembling mycoplasma could not be isolated and cultivated on 
artificial cell free media and they have shown more relatedness to acholeplasma than 
the mycoplasma, and are called phytoplasma.  

 Later in 1973, some of the mycoplasmas such as the causal agent of citrus stubborn 
and corn stunt diseases could be grown in cell free media, and were helical in 
morphology and had motile stages and were named as spiroplasma. The agent 
Spiroplasma citri causing citrus stubborn is the type species of the genus and S. 
kunkelli causes corn stunt. 

Fastidious Vascular Bacteria 

 Some organisms were also observed in grapevines infected with Pierce‘s disease, in 
peach infected with phony peach and others. 

 More recently such diseases have been reported to be caused by fastidious vascular 
xylem limited bacteria Xylella fastidiosa, and phloem limited bacteria Candidatus 
librobacter.  

 Examples of xylem inhabiting fastidious bacteria causing diseases: Pierce‘s disease of 
grapevine, citrus variegated chlorosis, almond leaf scorch. 

 Examples of phloem inhabiting fastidious bacteria are: Club leaf of clover, citrus 
greening, yellow vine disease of watermelon, bunchy top of papaya.  
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Flagellate Protozoa 

 In 1909, Lafont observed flagellate protozoa in the latex bearing cells of laticiferous 
plants of Euphorbiaceae family without causing any harm to their hosts.  

 However, in 1931, Stahel found the flagellates infecting phloem of coffee plants and 
causing abnormal phloem formation and wilting of trees.  

 Vermeulen in 1963 presented additional and more convincing evidence of the 
pathogenicity of flagellates to coffee trees and in 1976, flagellates were also found in 
the phloem of coconut palm trees infected with the hart rot disease. 
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HISTORY OF PLANT PATHOLOGY IN INDIA 

 The development of science of Plant Pathology in the modern era in India as in other 
countries followed the development of mycology. The study of fungi in India was 
initiated by Europeans in the 19th century. They used to collect fungi and send the 
specimens for identification to the laboratories in Europe.  

 During 1850-1875, D.D. Cunningham and A. Barclay started identification of fungi in 
India itself. Cunningham made a special study of rusts and smuts.  

 K.R. Kirtikar was the first Indian scientist who collected and identified the fungi in 
the country.  

 E.J. Bulter who is also known as the ‗Father of Plant Pathology‘ in India, initiated an 
exhaustive study of fungi and diseases caused by them in 1901 at Imperial 
Agricultural Research Institute at Pusa (Bihar).  

 During his stay of 20 years in this country, he made a scientific study of mostly fungal 
plant diseases known in India at that time. The diseases studied by him for the first 
time included wilt of cotton and pigeon pea, different diseases of rice, toddy palm, 
sugarcane, potato and rusts of cereals.  

 He wrote a monograph on ‗Pythiaceous and Allied Fungi‘; and a classic text book, 
‗Fungi and Diseases in Plants‘ in 1918. 

 J.F. Dastur (1886-1971), a colleague of Butler, was the first Indian Plant Pathologist 
who is credited with a detailed studies of fungi and diseases in plants.  

 He studied the genus Phytophthora and diseases caused by it in castor and potato. He 
is internationally known for the establishment of Phytophthora parasitica from castor.  

 G.S. Kulkarni published exhaustive information on downy mildew and smuts of 
sugarcane and pearl millet.  

 B.B. Mundkur started work on control of cotton wilt through varietal resistance.  
 He was also responsible for the identification and classification of large number of 

Indian smut fungi.  
 His most significant contribution to plant pathology will be remembered through the 

‗Indian Phytopathological Society‘ which he started almost single handedly in 1948 
with its journal ‗Indian Phytopathology‘.  

 He also authored a text book entitled, ‗Fungi and Plant Diseases‘.  
 Dr. K.C. Mehta of Agra College, Agra investigated the life cycle of cereal rusts in 

India during the first half of 20th century.  
 Dr. R. Prasada trained by Dr K.C. Mehta continued the work on rusts and added to the 

knowledge of linseed rust.  
 Luthra and Sattar (1953) developed the solar heat treatment of wheat seed for the 

control of loose smut. SN Dasgupta carried out exhaustive studies on black tip of 
mango.  

 T.S. Sadasivan worked out the mechanism of wilting in cotton due to Fusarium 
oxysporum f. sp. vasinfectum.  

 M.K. Patel, V.P. Bhide and G. Rangaswami pioneered the work on bacterial plant 
pathogens in India. 

 M.J. Thirumalachar conducted exhaustive studies on rusts and smuts, and developed a 
number of antibiotics for controlling plant diseases in India.  

 Afterwards, Plant Pathology became a major subject in various agricultural colleges 
and universities and organized research was conducted on major plant diseases 
affecting crop plants in India.  
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 Notable contributions included the works of B.L. Chona on sugarcane diseases and 
Agnihothrudu in tea diseases, R.K. Agrawala on apple diseases and G.S. Saharan on 
oilseed plant diseases to name a few. 

 

 

 

 

 

 

 

 

 

 

 

 

 

******<. .>****** 

 

 

 

 

 

 

 

 

 

 



Fundamentals of Plant Pathology 

 

www.Agrimoon.com Page 17 

LECTURE 4 

GENERAL CONCEPTS AND CLASSIFICATION OF PLANT DISEASES  

DEFINITIONS AND CONCEPTS 

Disease: According to Horsfall and Diamond (1959), disease may be defined as a 
malfunctioning process that is caused by continuous irritation by a pathogen and/or 
environmental factor resulting in some suffering producing symptoms.  
 
Disorder: The diseases caused by the deficiency of nutrients or unfavourable environmental 
are sometimes termed as disorders or physiological disorders.  
 
Pathogen: It is the agent responsible for inciting ‗pathos‘ i.e. ailment or damage. 
 
Parasite: These are the organisms which derive the food materials needed for their growth 
from other living organism (the host). All the pathogens are parasites but all the parasites are 
not pathogens. As some of the parasites live on their hosts without causing any damage to 
them as symbiotic relationships, e.g., Rhizobium bacterium in legume roots, mycorrhizae and 
lichens. 
 
Biotrophs are the organisms which regardless of the ease with which they can be cultivated 
on artificial media obtain their food from living tissues only in nature in which they complete 
their life cycle). They were earlier also called obligate parasites, e.g., rusts, smuts, powdery 
mildews etc. 
 
Saprophytes/saprobes are the organisms which derive their nutrition from the dead organic 
matter. Some parasites and saprophytes may have the faculty or (ability) to change their 
mode of nutrition.  
 
Facultative saprophytes are ordinarily parasites which can grow and reproduce on dead 
organic matter under certain circumstances. They are also called hemibiotrophs which attack 
the living tissues in such a way as biotrophs but continue to grow and reproduce after the 
tissues is dead.  
 
A parasite is called necrotroph when it kills the host tissue in advance of penetration and 
then lives saprophytically, e.g. Sclerotium rolfsii and Pythium species. Similar to 
necrotrophs are facultative parasites which live as saprophytes but under favourable 
conditions they can attack living plants and become parasites. The necrotrophs are also 
known as perthotrophs or perthophytes. 
 
Pathogenicity is the ability of a pathogen to cause disease under a given set of environmental 
conditions. Whereas, pathogenesis is the chain of events that leads to development of a 
disease in the host. 
 
Parasitism is a phenomenon by which a plant parasite becomes intimately associated with 
the plant; it draws nutrition and multiplies and grows at the expense of the plant host.  
 
Virulence is a measure or degree of pathogenicity of an isolate or race of the pathogen. The 
term aggressiveness is often used to describe the capacity of a pathogen to invade and grow 
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in the host plant and to reproduce on or in it. This term like virulence is used as measure of 
pathogenicity. 
 
Immunity of a plant against a disease is absolute quality. It denotes the freedom of plant 
from disease, when the pathogen cannot establish parasitic relationship with the host. High 
resistance and low susceptibility approach immunity.  
 
Disease resistance is the ability of an organism to overcome completely or in some degree 
the effect of a pathogen or other damaging factor; whereas susceptibility in the inability of 
the plant to resist the effect of the pathogen or other damaging factor. 
 
Hypersensitivity is the extreme degree of susceptibility in which there is rapid death of the 
cells in the vicinity of the invading pathogen. It halts the further progress of the pathogen. 
Thus, hypersensitivity is a sign of very high resistance approaching immunity. 
 
Infection is the establishment of the parasitic relationship between the pathogen and host 
following entry or penetration.  
 
Incubation period is the time elapsing between penetration and completion of infection i.e. 
development of the disease symptoms.  
 
Invasion and colonization is the growth and multiplication of the pathogen through the 
tissue of the host varying extent.  

Effects of Disease  

 The diseased plants do not function or look normal showing structural abnormality 
and / or physiological disorder and can not grow, develop and reproduce to its genetic 
potential. 
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CLASSIFICATION OF PLANT DISEASES 

Based on plant part affected 

 Localized, if they affect only specific organs or parts of the plants.  
 Systemic, if entire plant is affected. or  

They can be classified as root diseases, stem diseases, foliage/foliar diseases, etc. 
 
Based on perpetuation and spread 

 Soil borne -when the pathogen perpetuates through the agency of soil.  
 Seed borne -when the pathogen perpetuates through seed (or any propagation 

material).  
 Air borne -when they are disseminated by wind e.g. rusts and powdery mildews. 

Based on the signs and symptoms produced by the pathogens 

 Diseases are classified as rusts, smuts, powdery mildews, downy mildews, root rots, 
wilts, blights, cankers, fruit rots, leaf spots, etc. In all these examples, the disease are 
named after the most conspicuous symptom of the disease appearing on the host 
surface. 

Based on the host plants affected 
They can be classified as cereal crop diseases, forage crop diseases, flax diseases, millet 
diseases, plantation crop diseases, fruit crop diseases, vegetable crop diseases, flowering 
plant diseases, etc. 
 
Based on major Causes 
They can be classified as fungal diseases, bacterial diseases, viral diseases, mycoplasmal 
diseases, etc.  

Based on Infection Process 

 Infectious -All the diseases caused by animate causes, viruses and viroids can be 
transmitted from infected host plants to the healthy plants and are called infectious.  

 Non-infectious- Non-infectious diseases can not be transmitted to a healthy plant. 
Also referred as non-parasitic disorders or simply physiological disorders, and are 
incited by abiotic or inanimate causes like nutrient deficiency or excess or 
unfavorable weather conditions of soil and air or injurious mechanical influences. 

Classification of Animate Diseases in Relation to Their Occurrence 

 Endemic diseases -which are more or less constantly present from year to year in a 
moderate to severe form in a particular geographical region, i.e. country, district or 
location.  

 Epidemic or epiphytotic diseases - which occur widely but periodically particularly 
in a severe form. They might be occurring in the locality every year but assume severe 
form only on occasions due to the favourable environmental conditions occurring in 
some years.  
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 Sporadic diseases occur at irregular intervals and locations and in relatively few 
instances.  

 Pandemic diseases: A disease may be endemic in one region and epidemic in 
another. When epiphytotics become prevalent through out a country, continent or the 
world, the disease may be termed as pandemic.  

Disease triangle 

 The interaction of the host, the pathogen and the environment results in disease 
development. It is generally illustrated by a triangle, also called a disease triangle. 

Disease Development in Plant Population 
This is determined by: 

 Host: All conditions in host that favour susceptibility. 
 Pathogen: Total of virulence, abundance etc. 
 Environment: Total of conditions that favour the pathogen and predispose the host 

plants to pathogen attack. 
 Time: Specific point of time at which a particular event in disease development 

occurs and the duration or length of time during which the event takes place. 

‘Effective disease control or measures aim at breaking this E-H-P triangle’.  
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LECTURE 5 

SYMPTOMS AND SIGNS OF PLANT DISEASES 

DISEASE SYNDROME 

Symptoms and signs 

Symptoms- External expression or the evidence of the abnormalities in the appearance of the 
diseased plants brought about by the pathogens after host-pathogen interaction. 
 
Sign- When the pathogen itself becomes visible on the host surface in the form of its organs 
or structures. eg. sclerotia, mycelium etc.  
 
Disease syndrome- A sum total of variety of symptoms produced by the disease. 

I. Symptoms of Plant Diseases Due to the Character and Appearance of Visible 
Pathogen, its Structures and Organs 
i. Mildews 

 Mildews consist of white, grey, brownish or purplish pathogen growth on 
the host surface.  

 Downy mildew is characterized by a tangled cottony or downy growth 
mostly on the lower surface of the leaves or other plant parts. 

 Powdery mildew consists enormous number of spores are formed on 
superficial growth of the fungus giving a dusty or powdery appearance on 
the host surface. Black minute fruiting bodies may also develop in the 
powdery mass. 

 

ii. Rust 

 Rust appears as relatively small pustules of the spores, usually breaking through the 
host epidermis.  

 Pustule is a small blister-like elevation of the epidermis, often opening to expose 
spores. The pustules may be dusty or compact, and red, brown, yellow or black in 
colour. 
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iii. Smut 

 Smut means a sooty or charcoal like powder. 
 The affected parts of the plants show black or purplish black dusty areas. 
 Symptoms usually appear on floral organs, particularly the ovulary areas. 
 The pustules on the leaves and stems are usually larger than those of rusts. 

iv. White Blister 

 White blister-like pustules appear on the leaves and other parts of cruciferous plants 
which break open the epidermis and expose powdery masses of spores.  

 Such symptoms are called ‗white rust‘, although there is nothing common with them 
and the rusts. 

 

v. Blotch 

 It consists of superficial growth giving the affected plant parts i.e., fruits and leaves 
smoky (blotched) appearance, e.g. sooty blotch of apple. 
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vi. Sclerotia 

 A sclerotium is a compact, often hard mass of dormant fungus mycelium.  
 Sclerotia are mostly dark in colour and are found mixed with the healthy grains as in 

the case of ergot of wheat and rye. 

vii. Exudation 

 Mass of bacterial cells ooze out on the surface of the affected organs where they may 
be seen as a drop or smear in several bacterial diseases such as bacterial blight of 
paddy, gummosis of stone fruits and fire blight of apple and pear. 

 They form crusts after drying. 

viii. Mycelial growth 

 Appearance of white cottony, mycelial growth of the fungi like Dematophora necatrix 
on affected roots of apple is an important diagnostic feature of white root rot in the 
field. 

 

II. Symptoms Resulting from Internal Disorders in the Host Plants 
i. Colour change 

 Discolouration is change of colour from normal. It is one of the most common 
symptoms of plant diseases. The green pigment of leaves disappears entirely 
and is replaced by yellow pigments.  

 Etiolation is yellowing due to the lack of light.  
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 Chlorosis is yellowing due to low temperature, lack of iron, excess of the lime 
or alkali in soil and infection by viruses, fungi and bacteria.  

 Albilinism is the phenomenon in which the leaves become devoid of any 
pigment and look bleached or white. 

 Chromosis is change of colour to red, purple or orange. 

 

ii. Overgrowths or hypertrophy 

 Hypertrophy is the abnormal increase in the size of the plant organs due to increase 
in the size of the cells of a particular tissue, whereas  

 Hyperplasia is the abnormal increase in the size of the plant organs due to increase in 
the number of cells of which the tissue or organ is composed, owing to increased cell 
division.  

 The overgrowths cause galls, curl, pockets or bladders, hairy root, witches‘ broom, 
intumescence etc. 

 

iii. Atrophy or Hypoplasia or Dwarfing 

 Atrophy is inhibition of growth and thereby showing stunting and dwarfing 
effectmon the plants. 

 The whole plant may be dwarfed or only certain organs are affected. e.g. rice 
dwarf, phony peach etc.  

III. Necrosis 

 Death of the cells, tissues and organs occurs as a result of parasitic activity. 
 The characteristic appearance of the dead areas differs with different hosts, host 

organs and with different parasites. 
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 Necrotic symptoms include spots, streaks or stripes, canker, blight, damping off, burn, 
scald or scorch and rot.  

 

IV. Wilt 

 Characterized by drying of the entire plant.  
 Leaves and other green or succulent parts loose their turgidity, become flaccid and 

droop down.  
 Usually seen first in some of the leaves.  
 Later, the young growing tip or the whole plant may dry up.  
 May be caused by injury to the host system or the conducting vessels.  
 Wilting due to disease is different from the physiological wilting where the plant 

recovers as soon as the supply of water is retained.  

 

V. Die-back or Wither Tip 

 Symptoms are characterized by drying of plant organs, especially stems or branches, 
from the tip backwards.  

 It is also a form of necrosis caused directly by the pathogen or its toxins. 

 

******<. .>****** 
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LECTURE 6 

GENERAL CHARACTERISTICS OF FUNGI AND FUNGAL-LIKE ORGANISMS CAUSING 

PLANT DISEASES 

FUNGI 

Fungi are eukaryotic, spore bearing achlorophyllous organisms with absorptive nutrition that 

generally reproduce both sexually and asexually and whose somatic structures known as 

hyphae are surrounded by cell wall containing chitin and glucans (but no cellulose) as the 

skeletal components.  

 

Oomycetes 

 A group of fungal like organisms, the Oomycota generally referred to as (Oomycetes), 
until about 1990 were called considered as lower fungi.  

 Majority have cell wall composed of glucans and small amount of cellulose, but not 
chitin.  

 Now regarded as members of the kingdom Chromista (also known as Straminopila) 
rather than Fungi; but continued to be discussed with fungi because of their many 
other similarities to them, especially the way they cause disease in plants.  

Habitat 

 Most of the more than 1,00,000 known fungus species are strictly saprophytic and 
they live on dead organic matter.  

 About 50 species cause diseases in humans  
 About 50 species cause diseases in animals.  
 More than 10,000 species of fungi can cause diseases in plants. 
 All plants are affected by some kinds of fungi and each of the parasitic fungus can 

attack one or many kinds of plants.  
 Some fungi like those causing rusts, smuts, powdery mildews and downy mildews can 

grow and multiply on their host plants during their entire life, and therefore called as 
obligate parasites or biotrophs. 

 Fungi like Venturia inaequalis, the apple scab fungus, pass a part of their life on the 
host as parasites and a part on the dead tissues of the same host on the ground as 
saprophytes in order to complete their life cycle in nature, and therefore are called 
hemibiotrophs.  

 Facultative saprophytes generally grow parasitically on the hosts but continue to 
live, grow and multiply on the dead tissues of the host and may further move out of 
the host debris into the soil or other decaying plant material to grow and multiply 
strictly as saprophytes, e.g., Phytophthora infestans. 

 Facultative parasites live perfectly well in the soil or elsewhere as saprophytes but 
can parasitize or cause disease in the plants when they get opportunity under 
favourable conditions to do so, e.g., Alternaria alternata. 
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Morphology 

 Mycelium: A filamentous vegetative body.  
 Hypha (pl. hyphae): Individual branch of mycelium which are generally uniform in 

thickness, usually about 2-10 µm in diameter. The hyphae may be septate or aseptate  
 Coenocytic hyphae - The aseptate or non-septate hyphae having the nuclei scattered 

in the cytoplasm. 
 Septate hyphae- The hyphae have septa having perforations through which 

cytoplasmic strands, containing nuclei can migrate from one cell to the other.  
 A characteristic dolipore septum is formed in certain basidiomycetes. 
 Diameter of hyphae may be as narrow as 0.5 µm and as wide as 100 µm. 
 The vegetative thallus may consist of only one cell or may even be naked, amoeboid, 

multinucleate plasmodial mass without cell wall or a system of strands of varying 
diameter called rhizomycelium.  

 In some fungi, hyphae form aggregates and develop various kinds of structures. These 
may be: 

 Rhizomorphs: thicker root like aggregates. 
 Sclerotium: a hard roundish or amorphous structure and has a hard rind surrounding 

a soft interior i.e. medulla. 
 Stroma: some fungi also develop mat like structures which contain the fruiting 

bodies. 
 Rhizomorphs and sclerotia help the fungus to survive from one cropping season to the 

other and also function in initiating the disease as a primary inoculum. 
 Pseudoparenchyma: Sometimes the hypahe aggregate to form tissue like structure 

called plectenchyma. In cross section, it appears like parenchymatous cells of the 
higher plants. This is called pseudoparenchyma and consists of rounded fungal cells. 

 Prosenchyma: Less compact structures consisting of hyphae made of elongated cells. 
These are found mostly in the stroma or fruiting bodies of Ascomycota or 
Basidiomycota. 
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FUNGAL CELL STRUCTURE 

A typical fungal cell consists of protoplasm which is surrounded by a cell membrane, and cell 
wall being its outer most covering. The protoplasm typically contains nucleus, mitochondria, 
ribosomes, golgi bodies and endoplasmic reticulum among others. 
 
Cell wall 

 Made up of chitin and ß-glucans in the members belonging to the kingdom Fungi. 
 Chitin is a polymer of N-acetyl glucosamine units which is also found in the 

exoskeleton of insects.  
 Made up of cellulose in kingdom Straminopila (including Oomycota).  
 Cellulose is a polymer of ß D-glucose units and is also found in the cell wall of plants 

and algae. 

Nucleus 

 The nuclei of fungi are extremely small and lie near the limit of resolution power of 
light microscope.  

 Electron microscopic studies have revealed that the nuclear membrane does not 
disappear but constricts in the centre like a dumb-bell during nuclear division. This 
type of division is known karyochoresis, term given by Moore in 1964.  

 In meiosis, however, the nuclear membrane disappears.  

Life Cycle 

 The fungi are mostly haploid organisms, i.e. their nuclei are haploid.  
 The thallus multiplies by asexual methods.  
 After sexual reproduction, a diploid zygote is formed.  
 The zygote represents the diploid phase which is terminated by meiosis forming 

haploid spores.  
 The spores on germination form the haploid somatic phase.  
 In Ascomycota and Basidiomycota, plasmogamy is not immediately followed by 

karyogamy.  
 The two nuclei of opposite strains remain as paired nuclei called dikaryon and give 

rise to dikaryotic hyphae.  
 These are of limited duration in Ascomycota, as only a small portion of the mycelium, 

viz., the ascogenous hyphae become dikaryotic.  
 In Basidiomycota, these extend through the major portion of the life cycle. The 

monokaryotic mycelium is of short duration and its function is only to establish 
dikaryotic mycelium as soon as possible. 

 The dikaryotic phase, which is of short duration in Ascomycota is extensive in the life 
cycles of Basidiomycota. 

Basic Types of Life Cycles Found in Fungi (depending on the extent of haploid, diploid 
or dikaryotic phases of the mycelium) 

 Asexual cycle: Found in all anamorphic (=imperfect fungi) 
 Haploid cycle: Mucor , Rhizopus, etc. 
 Haploid cycle with restricted dikaryophase: Eurotium, Talaromyces  
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 Haploid dikaryotic cycle: Ustilago maydis  
 Dikaryotic cycle: Ustilago tritici, Puccinia graminis  
 Haploid- diploid cycle: Saccharomyces cerevisiae  
 Diploid cycle: Pythium, Phytophthora, Albugo  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

******<. .>****** 
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LECTURE 7 
REPRODUCTION IN FUNGI AND FUNGAL LIKE ORGANISMS CAUSING 

PLANT DISEASES 

REPRODUCTION 

Fungi may reproduce in three ways: 

 Vegetative reproduction 
 Asexual reproduction  
 Sexual reproduction 

I. Vegetative Reproduction 
It occurs through: 

 Fragmentation of hyphae  
 Production of thin walled spores such as oidia or arthrospores  
 Production of swollen, thick walled spores with storage of rich food, i.e. 

chlamydospores which are formed to tide over the adverse environment. 
 In Fragmentation, a bit of broken hyphae establishes a new colony. Fragmentation 

occurs in nature and is usually employed in the laboratory to keep the fungus growing 
by transferring small portions of hyphae to new culture tubes. 

 In Budding, small soft portion of the cell wall bulges out and a daughter nucleus 
migrates into it. Then the bud is pinched out by a constriction at the point of its origin. 
Sometimes the budding is so quick that a chain of buds is formed due to non-
detachment of the daughter buds, and is called pseudomycelium. 

 In Fission, a cell divides in a transverse plane into two cells. Although, it is a 
characteristic of bacteria and it also occurs in fission yeasts.  

II. Asexual Reproduction 

 It occurs through internally or externally produced spores which also act as agents of 
dissemination, survival and infection. 

 In Straminopila (Oomycota) and some Fungi (Zygomycota), asexual spores are 
produced endogenously inside a sac like structure called sporangium and are released 
either by rupture of sporangial wall or through a pore or opening in its wall.  

 They are either motile with one or two flagella called zoospores or non-motile 
aplanospores.  

 Sporangia are formed on specialized hyphal branches called sporangiophores. 
 Conidia are another type of asexual spores which are cut off terminally or laterally 

from specialized hyphal branches called conidiophores.  
 Conidiophores may be unbranched or may branch variously, both monopodially or 

sympodially and conidia are produced singly or serially in chains on these branches. 
 While conidiophores of most fungi remain free, in some they appear to be aggregated 

and often compactly arranged to form a variety of characteristic structures such as 
coremia, synnema, sporodochia, acervuli and pycnidia. These are primarily designed 
to provide large number of spores within a small space available to the fungus. 

 The locomotory appendages or flagella of zoospores are of two types, i.e. whiplash 
and tinsel.  
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 The whiplash flagella are much thinner at the tip.  
 The tinsel type flagella, which are found only in the members of kingdom 

Straminopila (Oomycota) have large number of small hair like outgrowths called 
mastigonemes or flimmers on their entire length. 

Structure of Flagella  

 The flagellum of fungi has a typical 9+2 structure as in case of other eukaryotes. In 
9+2 structure, the flagellum is composed of 9 peripheral pairs of fibrils surrounding 
the two central fibrils (hence the name 9+2). The two central fibrils are attached to the 
blepharoplast lying inside the motile cell. The membrane surrounding the 9+2 fibrils 
is continuous with the plasma membrane of the cell. Sometimes, a threadlike 
rhizoplast connects the blepharoplast to the nucleus.  

 The bacterial flagella lack this 9+2 structure and are made of 8 rows of flagellin 
(protein) molecules twisted around each other like a rope.  

III. Sexual Reproduction 
The sexual reproduction in fungi and other similar micro-organisms involves: 

 Plasmogamy-. fusion between two sexual cells. 
 Karyogamy- fusion of the nuclei. It results in the formation of a diploid nucleus, 

which immediately or later undergoes meiosis to form 4 haploid nuclei. 

Fungi achieve plasmogamy by a variety of methods: 
i. Gametogamy  
ii. Gametangiogamy,  
iii. Spermatization  
iv. Somatogamy.  
 
i) Gametogamy: It is the fusion (or copulation) between gametes.  

 Gametes are naked wall- less sex cells which copulate to form a zygote.  
 If two gametes are similar in size, they are called isogametes and their copulation is 

called isogamy.  
 Copulation between two dissimilar gametes, one smaller (male) and the other bigger 

(female) is called anisogamy.  
 The fusion between motile male gamete and non- motile female gamete (oosphere or 

egg) lying in the oogonium is called heterogamy. 

ii) Gametangiogamy: It is the fusion between gametangia (or the sex organs) when 
gametangia are similar in shape and size, these are called isogametangia and are designated 
as (+) and (-) gametangia rather than male and female. 

 When the gametangia are different in shape and size, they are called heterogametangia. 
 The male is usually smaller and club shaped while the female is bigger and globular.  
 Fusion between two similar gametangia results in a zygote which is called a zygospore.  
 The zygote formed by the fusion between morphologically distinct gametangia is 

called oospore and the process oogamy.  
 The plasmogamy between them is called gametangial copulation or contact.  
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Gametangial copulation is of two types:  

 The entire gametangia fuse, the intervening wall disappears and their contents 
come to lie in the common cell formed by their fusion, e.g., Mucor.  

 The contents of the male gametangia migrate into the female gametangium 
through a pore or fertilization tube and the male gametangium is left empty, e.g., 
Rhizophidium. 

o Gametangial contact: The male nuclei and not the cytoplasm of 
antheridium migrate into the oogonium through a pore dissolved at the 
point of contact or through a fertilization tube formed by the antheridium. 
e.g. Pythium, Phytophthora, Albugo. 

iii. Spermatization: It occurs in Ascomycota and Basidiomycota.  

 Spermatia (sing. Spermatium), minute male gametes, are formed like conidia on 
spermatiophores.  

 The spermatiophores may be formed exogenously or inside a spermogonium e.g. 
Puccnia.  

 The spermatium when comes in contact with the female gametangium (or the receptive 
hyphae) releases the male nucleus into the female gametangium through a pore. 

iv. Somatogamy:  
In this, sex organs are not formed and somatic cells as such act as gametangia and fuse 
together. e.g. Agaricus. Somatogamy may occur between cells of the same hypha (in a 
homothallic fungus) or between cells of the different thalli (in a heterothallic fungus). 
Anastomosis, which is the fusion of hyphae is frequent in Ascomycota and Basidiomycota. 
 
IV. Parasexual Reproduction 

 The anamorphic (=imperfect) fungi lack sexual reproduction involving karyogamy 
and meiosis. But the genetic recombination in this case is achieved through the 
parasexual method.  

 In this, the haploidization takes place by aberrant mitosis, whose frequency is, 
however, very low. It was first discovered by Pontecorvo and Roper in 1952 in 
Aspergillus nidulans.  
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LECTURE 8 

CLASSIFICATION OF FUNGAL PLANT PATHOGENS 

INTRODUCTION 

 Traditionally, fungi were classified under Thallophyta division of Plantae Kingdom 
under 4 classes, viz., phycomycetes (also called lower fungi including Oomycetes, 
Chytridiomycetes and Zygomycetes), ascomycetes, basidiomycetes and 
deuteromycetes (including fungi imperfecti).  

 Ainsworth’s classification (1966, 1973) included kingdom Fungi with Myxomycota 
and Eumycota divisions. The Eumycota division was divided into 5 sub-divisions, 
viz., mastigomycotina, zygomycotina, ascomycotina, basidiomycotina and 
deuteromycotina which were further sub-divided into (classes, orders and so on).  

 Classification system based on information on phylogenetic relationships of fungi 
obtained by small submit (18 S) ribosomal RNA gene comparison are now used. The 
classification given by Hawksworth et al. (1995) and partially modified by Kirk 
et al. (2001) is now universally accepted. According to it, the fungi are placed in 
three kingdoms: Fungi, Protozoa and Straminopila  

 All the taxa (kingdom to species) are now italicized in print and underlined when 
hand written.  

There are standard endings for the various taxa. Phylum ends in -mycota, class in –mycetes, 
sub-class in -mycetidae, order in –ales, family in –aceae, and genus and species have no fixed 
endings.  

 Genus is always written with the first letter in capital (proper noun). 
 Species in small letters as adjective qualifying the noun.  

Kingdom Fungi 
They are characterized by:  

 Unicellular or filamentous somatic phase  
 Cell wall made of chitin and glucans  
 Absorptive mode of nutrition  
 Presence of only whiplash type of flagella  
 Mitochondria with flattened cristae, and  
 Presence of peroxisomes and golgi bodies  

There are four Phyla in Kingdom Fungi: Chytridiomycota, Zygomycota, Ascomycota and 
Basidiomycota  

 The imperfect fungi that reproduce only asexually and were earlier placed in 
Deuteromycotina (Ainsworth, 1973) are no more accepted as a distinct taxonomic 
category. They are not monophyletic unit, but are fungi which are anamorphs (asexual 
stages) of Ascomycota and Basidiomycota.  

 Those which have not been shifted to Asco- or Basidiomycota are placed under 
mitosporic or anamorphic fungi. 
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Kingdom Straminopila 
These are characterized by:  

 Unicellular or filamentous somatic phase  
 Cell wall made of cellulose  
 Absorptive mode of nutrition  
 Presence of tinsel type of flagella  
 Tubular mitochondrial christae  
 Presence of peroxisomes and golgi bodies  

They showed closer genetic relationship to brown algae and diatoms rather than the Fungi in 
18 S r RNA phylogenetic studies.  
There are 3 phyla: Hyphochytridiomycota, Labrynthulomycota, Oomycota. 
 
Kingdom Protozoa 
These are characterized by:  

 The somatic phase is plasmodial or amoeboid. 
 There is no cell wall in the somatic phase.  
 Nutrition is by ingestion except in plant parasites (e.g., Plasmodiophoromycota), 

where the plasmodium obtains nutrition by absorption. 
 Mitochondrial cristae are tubular.  

There are 4 phyla: Acrasiomycota, Dictyosteliomycota, Myxomycota, 
Plasmodiophoromycota.  
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OUTLINE CLASSIFICATION OF FUNGI 

Pseudofungi 
Kingdom 1: Protozoa (uni-cellular microorganisms) 
Phylum i: Myxomycota  
Class: Myxomycetes (plasmodial slime moulds, do not infect plants) 
Order: Physarales 
Genera: Mucilago, Fulago, Physarum causing slime moulds in low lying plants) 
 
Phylum ii: Plasmodiophoromycota (endoparasitic slime moulds) 
Class : Plasmodiophoromycetes  
Order: Plasmodiophorales 
Genera: Plasmodiophora, P. brassicae causing club root of crucifers, Polymyxa, P. graminis 
on wheat and other cereals, and can transmit viruses, Spongospora, S. subterranea causing 
powdery scab of potato tubers 
 
Kingdom 2: Chromista/ Straminopila (microorganisms unicellular or multi-cellular) 
Phylum i: Oomycota (zoospores flagellate) 
Class: Oomycetes (mycelium non-septate, sexual spores- oospores, asexual spores- 
zoospores) 
Order: Peronosporales 
Family: Peronosporaceae, (the downy mildews, sporangia borne on sporangiophores of 
determinate growth, obligate parasites)  
Genera: Plasmopara, P. viticola causing downy mildew of grapes, Peronospora, P. tabacina 
causing downy mildew/ blue mould of tobacco), Bremia, B. lactucae causing downy mildew 
of lettuce, Pseudoperonospora, P. cubensis causing downy mildew of cucurbits; Sclerospora, 
S. graminicola causing downy mildew/ green ear disease of pearl millet 
Family: Pythiaceae (sporangia, usually zoosporangia are produced along somatic hyphae, or 
tips of the hyphae of indeterminate growth and set free. OSogonia thin walled. Facultative 
parasites) 
Genera: Pythium, P. debaryanum causing damping off of seedlings; Phytophthora, P. 
infestans causing late blight of potato 
Family: Albuginaceae (the white rusts, sporangia borne in chains) 
Genus: Albugo, A. candida causing white rust of crucifers 
  

True Fungi 
Kingdom 3: Fungi (produce mycelium, the walls of which contain glucans and chitin) 
Phylum i: Chytridiomycota (produce zoospores with single posterior flagellum) 
Class: Chytridiomycetes 
Order: Chytridiales  
Family: Olpidiaceae 
Genera: Olpidium, O. brassicae being parasitic on roots of cabbage and other plants, and can 
transmit plant viruses; Physoderma, P. maydis causing brown spot of corn; Synchytrium 
endobioticum causing potato wart 
 
Phylum ii: Zygomycota (produce non-motile spores in sporangia. Sexual spores are 
zygospores) 
Class: Zygomycetes (bread moulds) 
Order: Mucorales 
Family: Mucoraceae 
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Genera: Rhizopus, R. stolonifer causing soft rot of fruits and vegetables; Choanephora, C. 
cucurbitarum causing soft rot of squash; Mucor causing bread mould and storage rots of fruits 
and vegetables)  
Order: Glomales (the endomycorrhizae) 
Genera; Glomus, Acaulospora, Gigaspora, Scutellospora 
 
Phylum iii: Ascomycota (the sac fungi, produce ascospores) 
Class i: Archiascomycetes  
Order: Taphrinales (asci naked arising from binucleate ascogenous cells) 
Family: Taphrinaceae 
Genus: Taphrina, T. deformans causing peach leaf curl 
Family: Protomycetaceae 
Genus: Protomces, P. macrosporus causing stem gall of coriander 
Class ii: Saccharomycetes (the yeasts, mostly unicellular fungi that reproduce by budding, 
asci naked, no ascocarps produced) 
Order: Saccharomycetales 
Family: Saccharomycetaceae 
Genera: Galactomyces causing citrus sour rot; Saccharomyces, S. cerevisiae, the bread yeast 
Class iii: Plectomycetes (ascomycetes with cleistothecia)  
Order: Eurotiales 
Family: Eurotiaceae 
Genera: Eurotium, teleomorph of Aspergillus, causing bread mould and seed decay; 
Talaromyces, teleomorph of Penicillium, P. expansum causing blue mould rot of fruits  
Order: Erysiphales (the powdery mildew fungi, asci formed in cleistithecia. mycelium, 
conidia, and cleistothecia produced on the host surface, obligate parasites) 
Family: Erysiphaceae 
Genera: Blumeria, B. graminis causing powdery mildew of cereals and grasses; Erysiphe 
cichoracearum causing powdery mildew of cucurbits; Leveillula, L. taurica causing powdery 
mildew of tomato and capsicum; Podosphaera, P. leuchotricha causing powdery mildew of 
apple; Sphaerotheca, S. pannosa causing powdery mildew of rose and peach; Uncinula, U. 
necator causing powdery mildew of grapes 
Class iv: Pyrenomycetes (ascomycetes with perithecia) 
Order: Hypocreales 
Genera: Hypocrea rubra is the teleomorph of Trichoderma viride; Nectria galligena causing 
European canker of apple; Gibberella fujikuroi causing bakane/ foolish disease of rice; 
Claviceps purpurea causing ergot of grain crops 
Order: Microascales 
Genera: Ceratocystis, C. fagacearum causing oak wilt; C. fimbriata causing root rot of sweet 
potato, C. paradoxa causing butt rot of pineapple 
Order: Phyllachorales.  
Genera: Glomerella, G. cingulata (teleomorph of Colletotrichum sp.) causing many 
anthracnose diseases and bitter rot of apple; Phyllachora graminis causing leaf spot of grasses 
Order: Ophiostomatales 
Genera: Ophiostoma, O. novo-ulmi causing Dutch elm disease 
Order: Diaporthales 
Genera: Diaporthe, D. citri causing citrus melanose, D. vexans causing fruit rot of eggplant, 
Gnomonia leptostyla causing leaf blotch of walnut, Cryphonectria parasitica causing chestnut 
blight; Leucostoma (formerly Valsa) causing canker disease of peach and other trees 
Order: Xylariales 



Fundamentals of Plant Pathology 

 

www.Agrimoon.com Page 37 

Genera: Hypoxylon, H. mummatum causing severe canker of poplars; Rosellinia, R. necatrix 
causing root rot diseases of trees and vines; Xylaria, causing tree cankers and wood decay; 
Eutypa, E. armeniacae causing apricot canker  
Class iv: Loculoascomycetes (ascomycetes with ascostroma or pseudothecium) 
Order: Dothidiales 
Genera: Mycosphaerella, M. musicola causing Sigatoka of banana, M. fragariae causing leaf 
spot strawberry; Elsinoe, E. fawcetti causing citrus scab, E. ampelina causing grape 
anthracnose 
Order: Capnodiales 
Genera: Capnodium, being one of the many fungi causing sooty moulds on the plants 
Order: Pleosporales 
Genera: Cochliobolus, the teleomorph of Helminthosporium or Bipolaris causing leaf spot 
diseases on many plants including C. miyabeanus causing brown spot disease of rice leading 
to the infamous Bengal famine, Pleospora, teleomorph of Stemphylium) causing black mould 
of tomato, Leptosphaeria, the teleomorph of Phoma causing black leg and foot rot of 
cabbage, Venturia, V. inaequalis causing apple scab and V. pirina causing pear scab, 
Guignardia bidwelli causing black rot of grapes 
Class v: Discomycetes (ascomycetes with apothecia) 
Order: Rhytismatales 
Genera: Lophodermium, L. seditiosum causing pine needle cast, Rhytisma acerinum causing 
tar spot of maple leaves 
Order: Helotiales 
Genera: Monilinia, M. laxa, M. fructigena, M. fructicola causing brown rot of pome and 
stone fruits, Sclerotinia, S. sclerotiorum causing white mould and watery soft rot of 
vegetables, Stromatinia, S. gladioli causing corm rot of gladiolus, Diplocarpon, (the 
teleomorph of Marssonina), D. maculatum causing black spot of quince and pear, D. rosae 
causing black spot of rose, D. mali leaf blotch and premature leaf fall of apple 
Class vi: Deuteromycetes or mitosporic fungi (imperfect fungi): Sexual reproduction or 
structures rare, lacking or unknown.  
 
Phylum iv. Basidiomycota (basidiomycetes, the club and mushroom fungi) 
Class i: Urediniomycetes (rust fungi) 
Order: Uredinales 
Family: Pucciniaceae 
Genera: Puccinia, P. graminis tritici causing black rust of wheat, P. recondita causing brown 
rust of wheat, P. striiformis causing yellow rust of wheat, P. dianthii causing rust of 
carnation. Gymnosporangium, G. juniperi-virginianae causing cedar apple rust; Cronartium, 
C. ribicola causing rust of pine; Hemileia, H. vastatrix causing coffee rust; Melampsora, M. 
lini causing flax rust; Phragmidium, P. mucronatum causing rose rust; Uromyces, U. 
appendiculatus causing rust of bean 
Class: Ustilaginomycetes (smuts and bunts) 
Order: Ustilaginales 
Family: Ustilaginaceae 
Genera: Ustilago, U. tritici causing loose smut of wheat, U. maydis causing corn smut, U. 
nuda, causing smut of barley; Urocystis, U. cepulae causing smut of onion 
Family: Tilletiaceae 
Genera: Tilletia, T. caries and T. foetida causing hill bunt of wheat, T. (Neovossia) indica 
causing Karnal bunt of wheat 
Class: Basidiomycetes (earlier grouped under hymenomycetes and gasteromycetes) produce 
basidiospores, basidia and basidiocarps) 
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Order: Exobasidiales (no fruiting bodies or basidiocarps) 
Family: Exobasidiaceae 
Genera, Exobasidium, E. vexans causing blister blight of tea 
Order: Ceratobasidiales 
Genera: Athelia, the teleomorph of Sclerotium, S. rolfsii causing southern blight and root rot 
of many plants, S. cepivorum causing the white rot onion; Thanatephorus, T. cucumrris , the 
teleomorph of Rhizoctonia solani, causing root rot and web blight of many plants; Typhula, 
causing Typhula blight or snow mould of turf grasses 
Order: Agaricales (the mushrooms) 
Family: Agaricaceae 
Genera: Agaricus, A. bisporus , the white button mushroom; Armillariella (Armillaria) mellea 
causing root rot of trees; Marasmius, causing fairy ring disease of turf grass, Pleurotus, 
causing white rot on logs, tree stumps and living trees; Pholiota, causing brown wood rot in 
deciduous forest trees 
Family: Pluteaceae 
Genus: Amanita, A. muscaria, the fly agaric is a poisonous mushroom 
Family: Lycoperdaceae 
Genus: Lycoperdon, the puff balls 
Order: Phallales 
Family: Geastraceae 
Genus: Geastrum, the earth stars 
Order: Aphyllophorales 
Genera: Chondrostereum, C. purpureum causing the silver leaf disease of trees, Corticium, C. 
salmonicolor causing pink disease in many fruit and other trees; Heterobasidion, H. annosus 
causing root and butt rot of many trees; Ganoderma, G. lucidum causing root and basal rot in 
many trees; Phelinus, causing tree root rot and cubical rots in buildings; Peniophora, P. 
gigantea causing decay in coniferous logs and pulpwood; Polyporus, P. squamosus causing 
heart rot of many forest trees 
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LECTURE 9 

GENERAL CHARACTERISTICS AND REPRODUCTION OF BACTERIAL 
PLANT PATHOGENS 

GENERAL CHARACTERISTICS 

Bacteria are second most important organisms which cause plant diseases.  

 They are prokaryotic single celled mostly achlorophyllous organisms whose body is 
surrounded by cell wall and nuclear material is not surrounded by membrane. 

 They lack membrane bound organelles such as mitochondria or plastids and also a 
visible endoplasmic reticulum.  

 Most of the bacterial species are saprophytes living on dead organic matter. There are 
about 200 bacterial species which are plant pathogenic.  

 Morphologically the bacteria are rod shaped (bacilli), spherical (cocci), spiral 
(spirilli), coma shaped (vibrios) or thread like (filamentous).  

 Streptomyces has a filamentous branched hypha-like structure, sometimes mistakenly 
called as ray fungi; and mycoplasma have no definite shape due to lack of cell wall.  

 In young cultures the rod shaped bacteria range from 0.6 to 3.5 µm in length and from 
0.5 to 1µm in diameter (0.6-3.5 x 0.5-1 µm size).  

 Single bacterium mostly appears as hyaline or yellowish white under the compound 
microscope, when grown on a medium, soon a colony is formed.  

 The colonies of most of bacteria have a whitish or greyish appearance but some of 
them develop yellow, red or other colours. 

Bacterial Cell Structure 

 A bacterium has a thin, relatively tough, rigid cell wall, and a distinct three layered 
but thin cytoplasmic membrane.  

 Most bacteria have a slime layer made up of viscous gummy material. Slime layer has 
bacterial immunological property.  

 When the layer is thick and firm, it is called capsule.  
 Generally plant pathogenic bacteria lack capsule but some of them like Pseudomonas 

and Xanthomonas produce slime.  
 Slime layer is mostly composed of polysaccharides but may rarely contain amino 

sugars, sugar acids, etc.  

Flagella 

 Most of the plant pathogenic bacteria have delicate thread like flagella, which are 
usually longer than the cell  

 They are the organs of locomotion.  
 The arrangement of flagella on bacterial cell is an important taxonomic character that 

aid in bacterial classification.  
 This arrangement may be  
 Monotrichous- with one polar flagellum 
 Lophotrichous -tuft of flagella at one end  
 Amphitrichous- at both the ends 
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 Peritrichous - distributed all around the cell or surface. 
 Atrichous- bacteria lacking flagella. 

Gram Staining  
Bacterial species are often distinguished from one another by Gram staining.  

 In this process, a bacterial smear is heat fixed on glass slide, stained with crystal 
violet and mordanted with iodine and finally rinsed with ethanol.  

 When the bacteria retain the crystal violet stain after rinsing, the bacteria are called 
gram positive; and those which do not retain the stain are called gram negative.  

 The later are then counter stained with pink colour safranin.  
 The ability of bacteria to retain crystal violet stain or not, depends upon fundamental 

structure of cell wall. 

Gram positive vs Gram negative bacteria 

Gram Positive bacteria  Gram Negative bacteria  

1. Cell wall is thicker and 
homogemous.  
2. Contains lower content of lipids 
(5-10%)  
3. Peptidoglycan comprises up to 
90% of the cell wall and hence 
maximum lipid. 
4. Techoic acid present. 
5. Cell wall has higher amino sugar 
content (10-20%)  
6. Cell wall is simple in shape and is 
single layered. 
7. Mesosomes more prominent. 
8. Retains violet dye  
9. Examples: Bacillus, Clavibacter, 
Streptomyces  

Cell wall is thinner and usually thin 
layered. 
Contains higher content of lipids (up 
to 40%)  
Peptidoglycan comprises only 10%. 
 
Techoic acid absent. 
Low content of amino sugars  
Varying cell wall shape and is 
tripartite (3-layered).  
Mesosomes less prominent. 
Retains red dye  
Examples: Erwinia, Pseudomonas, 
Xanthomonas, Agrobacterium, 
Xylella 
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BACTERIAL CELL STRUCTURE 

Bacterial Cell Structure 

 The bacterial cell is surrounded by a cell wall composed of peptidoglycan consisting 
of chain of alternating N-acetyl muramic acid and N-acetyl glucosamine units cross 
linked by tetrapeptide and pentaglycine units. 

 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 various substances into and out of the cell.  
 The cytoplasmic membrane of bacteria resembles those of eukaryotes, but also 

contains respiratory and other enzymes located in the bacteria.  
 The cytoplasm, which is a complex mixture of proteins, lipids, carbohydrates, many 

other organic compounds, minerals and water.  
 The nuclear material consists of large circular chromosome, composed of DNA.  
 The chromosomal DNA makes up the main body of genetic material of the bacterium 

and appears as a spherical, ellipsoidal, dumb-bell or Y-shaped body in the cytoplasm, 
but without any membrane.  

 Such nuclear material does not show meiosis and mitosis.  
 Some species also have additionally single or multiple copies of smaller circular 

genetic material called plasmids.  
 Plasmids can move from one bacterium to another and even from the bacterium to 

plants as in crown gall disease. This special property is being utilized with much 
success in genetic engineering for transformation of some desired genes from one 
plant to another by using it as vector. 

Flagella 

 In bacteria, flagella are the organs of locomotion. 
 They are very delicate and fragile and cultures are to be handled carefully for their 

staining.  
 The flagella vary from 10-12 nm in width which is smaller than wavelength of light, 

therefore, cannot be seen by ordinary staining.  
 Mordants like potassium sulphate and mercuric chloride are generally precipitated on 

flagella making the width more for making them visible under light microscope.  

Parts of a Flagellum 

 Filament: It is the outermost region of flagellum, and is helical, composed of 
flagellin with a molecular weight of 30000-40000 and is synthesized in the cell, which 
moves to the hollow core of the flagellum to the tip. Flagellin is a protein with 14 
amino acids and is characterised by higher content of aromatic amino acids and 
absence of cysteine in many cases.  

 Hook: Filament is attached to hook which is wider than the flagellum. This is 45 nm 
wide and made up of different types of protein. The hook of gram positive bacterium 
is longer than that of gram negative bacteria.  

 Basal body: The third part called basal body consists of small central rod which is 
inserted into a system of rings. The gram positive and gram negative bacteria are 
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different in the number of rings. The inner pair of rings (S and M) are embedded in 
cell membrane and are formed in both gram positive and gram negative bacteria. L 
and P rings are formed only in gram negative bacteria. S and M rings are important 
for movement of flagella.  

Pili 

 In some bacteria, small hair like structures are also present which are called pili.  
 These are shorter than the flagella and are thicker (3-15 nm in diameter).  
 The term fimbriae is sometimes also used for pili, but the term pili is reserved for 

those which are involved in conjugation.  
 They are made up of protein sub-units pilin of molecular weight of 70000. 
 It consists of a helically coiled fibre with a central hole of 2 nm in diameter.  
 Fimbriae may be involved in attachment, whenever there is infection. Both flagella 

and pili originate from cell membrane and extend outward through the cell wall. 

Reproduction 
Bacteria multiply at a phenomenal rate by the process of fission or binary fission. 

 As the cytoplasm and cell wall undergo division into two, the nuclear material is 
organized into a circular chromosome like structure which ultimately duplicates itself 
and gets distributed equally into 2 newly formed cells. 

 Similarly, plasmids also duplicate and come into 2 daughter cells. 
 The duplication occurs rapidly, once every 20 minutes. 
 As a result a bacterium like Eschersia coli, starting from one bacterium may produce 

1 million bacteria in 10 hours.  
 However, this number is not reached because of gradual limitations of nutrients and 

toxic metabolites. Still what is achieved normally is phenomenonal. 
 Such prolificacy in multiplication must be of great advantage both in survival of 

bacterial pathogen, and also for successive plant infections.  

Recombination 
The genetical recombination in bacteria has been noticed by the following sexual-like 
processes:  

 Conjugation: Conjugation occurs when two compatible bacteria come into contact 
and part of the chromosomal or non-chromosomal genetic material of one is 
transferred to the other and incorporated into the genome of later through conjugal 
zygote formation and breakage and reunion. It was first observed by Lederberg and 
Tatum (1956) in E. coli.  

 Transformation: It occurs when the bacterium is genetically transformed by 
absorption of genetic material of another compatible bacterium, secreated by or 
released in a culture during the rupture, and its incorporation into the genome of the 
former. It was first observed by Griffith (1928) in Enterococcus pneumoniae.  

 Transduction: When genetic material from one bacterium is carried by its phage 
(virus) to another bacterium that it visits next and the later is genetically transformed. 
It was first discovered by Zinder and Lederberg (1952) in Salmonella.  

Mycoplasma/PPLO’s 
Mycoplasma, earlier known as ‗Pleuro Pneumonia Like Organisms‘ (PPLO‘s) were 
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discovered to be associated with the disease bovine pleuro pneumonia and were described in 
one of the orders mycoplasmatales under Eubacteria.  

 Mycoplasma represent a group of organisms that lack cell wall and contain a very 
small genome. 

 Phylogenetically, they are closely related to clostridia, the gram positive bacteria.  
 As per the requirement for their growth, they can be divided into those which require 

sterol (mycoplasma and spiroplasma); and those which do not require sterols 
(acholeplasma and thermoplasma).  

 The mycoplasma cells are small, pleomorphic (of different shapes) and divide by 
budding. The colonies of mycoplasma on agar exhibit a characteristic ‗fried egg‘ 
appearance because of the formation of dense central core surrounded by lighter 
circular spreading area.  

 The growth of mycoplasma is not inhibited by penicillin or other antibiotics that 
inhibit cell wall synthesis. But they are sensitive to tetracycline. 

 The Spiroplasma genus is important plant pathogenically and has cork screw shaped 
cells. They are motile and exhibit undulating or rotating movement. Spiroplasma citri 
has been associated with citrus plants, where it causes citrus stubborn disease and 
corn plants which causes corn stunt. 

 
Phytoplasma 
They were earlier called MLO‘s and were found to be associated with several yellows and 
witches‘ broom diseases after their discovery by Doi et al. in 1967.  

 They are different from mycoplasma in the sense that they can not be cultured on 
synthetic media.  

 The change in terminology from MLO‘s to phytoplasma occurred since the studies of 
DNA homology in the highly conserved genes encoding ribosomal RNA and 
ribosomal protein. 

 It showed that the phytoplasma comprise a coherent group distinct from other 
prokaryotes. Their closest relatives are in the genus Acholeplasma.  

 As they have not been cultured on artificial medium in vitro and characterized apart 
from their host, they are referred to Candidatus status.  

 They are associated with about 200 plant diseases including aster yellows, apple 
proliferation, peanut witches‘ broom, peach-x-disease, rice yellow dwarf and elm 
yellows.  

 They are phloem inhabiting organisms and are graft transmissible in nature, and can 
also be transmitted by leaf hoppers. 
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Bacteria as Plant Pathogens 

 Bacteria are known to grow in a wide range of habitat.  
 All the plant pathogenic bacteria are mesophilic (they can grow at a temperature of 

20-35ºC); and remain in the host plants as plant parasites and only partly in plant 
residues or as saprophytes in soil.  

 They enter the plants either through natural openings such as stomata, lenticels or 
hydathodes or through wounds.  

 The presence of free water is essential for bacterial infection. Once inside the plant 
tissues, they multiply only if there is water or at very high humidity.  

 They multiply in the intercellular spaces and produce pectolytic and other cell wall 
degrading enzymes, thereby creating more space to move inside the host tissue.  

 They kill the host cells by the action of extracellularly released enzymes and toxins 
and subsequently invade the dead cells. Most of the bacterial pathogens are 
necrotrophs.  

 Some are apparently biotrophs.  
 Some species colonize the xylem vessels and because of their physical presence or the 

slime ultimately cause the plugging of the water conducting tissues and cause wilt 
symptoms.  

 Plant pathogenic bacteria produce various types of symptoms in plants as are caused 
by fungal pathogens. They cause soft rot of vegetables and fruits, wilts, cankers, scabs 
and also over-growths.  
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LECTURE 10 

CLASSIFICATION OF BACTERIAL PLANT PATHOGENS 

CLASSIFICATION 

Traditionally bacteria have been included in Plantae kingdom under Thallophyta; however, 
Haeckel in 1966 proposed the kingdom Protista to include all unicellular organisms and 
placed various organisms of Thallophyta plants and Protozoa animals in Protista. Later, the 
nucleus character was given more importance. Chatton proposed the most appropriate 
conceptual basis for taxa at the highest level by recognizing two general patterns of cellular 
organelles as prokaryotes and eukaryotes in 1937. Stanier (1969) considered prokaryotes as 
lower protists including blue green algae, myxobacteria and eubacteria; and eukaryotes as 
higher protists including algae, fungi and protozoa. Prokaryotae was recognised a separate 
kingdom. However, the correct concept is that of 5 kingdoms according to Whittaker (1969) 
including Plantae, Animalia, Fungi, Protista and Monera (Prokaryotes).  

 In ‗Bergey‘s Manual of Determinative Bacteriology‘ the phytopathogenic bacteria 
have been classified into three divisions:  

Division I – Gracilicutes  
They include prokaryotes with thin cell walls consisting of outer membrane with fatty acid 
glycerol ester-type lipids and are usually gram negative. They do not form endospores.  
 
Division II – Firmicutes  
It included prokaryotes with thick (firm) cell wall consisting of peptidoglycan and unit 
membrane but without any outer membrane. Some of them produce endospore. They are 
gram positive.  
 
Division III – Tenericutes  
They lack cell wall and cells are enclosed by a unit membrane only. They include mollicutes 
or mycoplasma like organisms (now called phytoplasma).  
 
Detailed Classification of Phytopathogenic Bacteria  
Kingdom: Prokaryotae 
Division I: Gracilicutes 
Class: Proteobacteria (mostly single-celled, non-photosynthetic) 
Family 1: Enterobacteriaceae (They are peritrichous bacteria) 
Genus: Erwinia 
E. amylovora causing fire blight of apple and pear 
E. carotovora pv. carotovora causing soft rot of vegetables 
E. carotovora pv. atroseptica causing black leg of potato 
Family 2: Pseudomonadaceae 
Genus: Pseudomonas  
P. syringae pv. syringae causing stone fruit bacterial canker  
P. syringae pv. tabaci causing wild fire disease of tobacco 
Genus: Ralstonia 
R. solanacearum causing bacterial wilt of solanaceous crops  
Genus: Xanthomonas 
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X. campestris pv. campestris causing black rot of cabbage, X. campestris pv. phaseoli causing 
common bean blight  
X. campestris pv. vesicatoria causing tomato bacterial spot  
X. oryzae pv. oryzae causing bacterial leaf blight of rice 
X. axonopodis pv. citri causing citrus canker  
Family 3: Rhizobiaceae 
Genus: Agrobacterium 
A. tumefaciens causing crown gall of stone fruits  
A. rhizogenes causing hairy root of apple 
Family : Still unnamed  
Genus: Xylella  
X. fastidiosa [earlier called RLO‘s rickettssia like organisms] xylem- inhabiting causing 
Pierce‘s disease of grapevines, phony peach, almond leaf scortch 
Candidatus liberobacter asiaticus, phloem-inhabiting causing citrus greening 
Unnamed, latex-inhabiting, causing bunchy top disease of papaya  
 
Division 2: Firmicutes 
Class 1: Firmibacteria (Simple gram positive bacteria) 
Bacillus subtilis – biocontrol agent 
Class 2: Thallobacteria (Gram positive, branching bacteria) 
Streptomyces scabies causing common scab of potato  
Clavibacter michiganense pv. sepedonicum causing ring rot of potato 
Clavibacter michiganense pv. michiganense causing bacterial canker of tomato 
Curtobacterium (Corynebacterium) flaccumfaciens causing bacterial wilt of bean 
 
Division 3: Tenericutes 
Class: Mollicutes (wall less prokaryotes) 
Family: Spiroplasmataceae 
Spiroplasma citri causing citrus stubborn  
Spiroplasma kunkelii causing corn stunt  
 
Several organisms called phytoplasma have been reported to cause various yellows and 
witches‘ broom type diseases are included in this group and have been given Candidatus 
status for the time being due to the inability of their culturing. 
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LECTURE 11 

GENERAL CHARACTERISTICS AND CLASSIFICATION OF VIRAL PLANT 
PATHOGENS 

GENERAL CHARACTERISTICS AND STRUCTURE 

Characteristics of viruses which separate them from other causes of plant pathogens 
are: 

 They are acellular. 
 They are sub-microscopic and intracellular. 
 They lack lipid membrane system and energy production. 
 They use host machinery for their replication. 

Sturcture of virus 

 Virion is a technical term used for the virus particle. A virion consists of nucleic acid 
surrounded by a protein coat.  

 The nucleic acid is called ‗nucleoid‘ which may be either de-oxyribonucleic acid 
(DNA) or ribonucleic acid RNA (mostly RNA in plant viruses), but never both; and 
forms the genome.  

 The protein coat is called ‗capsid‘. It consists of many subunits which are similar and 
occasionally dissimilar, and these subunits are called capsomeres.  

 The combined genome and the capsid are called ‗nucleocapsid‘. 
 Some viruses possess an envelop around the protein coat which is made of virus 

proteins and host cell lipids. These viruses are called ‗enveloped viruses‘.  
 In many groups of viruses, there is an additional protein layer between the capsid and 

the nucleoid. This is called ‗virus core‘.  
 In addition to the typical nucleoprotein composition, some viruses have 

carbohydrates/ lipids / enzymes. 

Nucleoid 

 The nucleoid (nucleic acid component) is located internally within a protein coat.  
 Only one type of nucleic acid, i.e. either RNA or DNA is found in a virus.  
 The amount of nucleic acid in a virion varies from 1 to 50 per cent.  
 Higher percentage of nucleic acid is associated with larger DNA viruses like 

bacteriophages; while low content is found in animal viruses. 
 The nucleic acid is infectious part and contains the genetic information for the 

synthesis of proteins and its own replication; and their assembly into the virion. 
 Most of the plant viruses contain RNA, with exceptions like Cauliflower mosaic 

virus. 

Capsid 
The capsid is a protein coat surrounding the nucleoid and has the following functions: 

 It protects nucleic acid from unfavourable extracellular environment.  
 It facilitates nucleic acid entry into the host cells. 
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 It is antigenic. 
 As compared to nucleoid, the protein coat shows a complex structure and provides 

shape to the virus particles. 
 It interacts with the vector for specific transmission.  

Morphology of Viruses 
Viruses are of different shapes and sizes. They may be: 
i. Elongated (rigid rods or flexuous threads) 
ii. Spherical (isometric or polyhedral) 
iii. Cylindrical (bacillus-like rods) 
 

 

 Some elongated viruses are rigid rods about 15 x 300 nm in size, but most appear as 
long, thin, flexible threads that are usually 1-10 nm wide and 480-2000 nm in length. 

   

 Rhabdoviruses are short bacillus-like cylindrical rods approximately three to five 
times as long as they are wide ( 52-75 x 300-380 nm in size).  

   

 Most spherical viruses are actually polyhedral, ranging in diameter from about 17 nm 
(Tobacco necrosis satellite virus) to 60 nm (Wound tumor virus).  

   

 Tomato spotted wilt virus is surrounded by a membrane and has a flexible, spherical 
shape about 100 nm in diameter. 

   

 Many plant viruses have spilt genome consisting of two or more distinct nucleic acid 
strands encapsidated in different-sized particles made of the same protein subunits. 
For example: Bipartite, Tobacco rattle virus consisting of two rods, a long one (195 x 
25 nm) and a shorter one (43 x 25 nm) and Multi-partite Alfalfa mosaic virus, 
consisting of four components of different sizes. 
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Composition and structure of viral proteins 

 Viral proteins, like all proteins, consist of amino acids.  
 The sequence of amino acid within a protein, which is encoded by the sequence of 

nucleotides in the genetic material, determines the nature and properties of the 
protein.  

 For example, the protein subunit of tobacco mosaic virus consists of 158 amino acids 
in a constant sequence and has a mass of 17,600 daltons. 

Composition and structure of viral nucleic acids 

 Nucleic acid of most plant viruses consists of RNA, but now, a larger number of 
viruses have also been shown to contain DNA as its genome. 

 Both RNA and DNA are long chain-like molecules consisting of hundreds or most of 
them thousands of units called nucleotides. 

 Each nucleotide consists of a ring compound called the base attached to a five-carbon 
sugar (ribose in RNA, de-oxyribose in DNA), which in turn is attached to phosphoric 
acid.  

 The sugar of one nucleotide reacts with the phosphate of another nucleotide, which is 
repeated many times, thus forming the RNA or DNA strand.  

 In viral RNA, only one of four bases, adenine, guanine, cytosine and uracil can be 
attached to each ribose molecule. The first two, adenine and guanine, are purines and 
interact with the pyrimidines, uracil and cytosine.  
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VIRUS INFECTION AND TRANSMISSION 

Virus Infection and synthesis 

 Plant viruses enter cells only through the wounds made mechanically or made by 
vectors, or are deposited into an ovule by an infected pollen grains.  

 In a RNA replication of an RNA virus, the nucleic acid (RNA) is first freed from the 
protein coat.  

 It induces the host cell to form the viral RNA polymerase.  
 The RNA polymerase utilizes the viral RNA as a template and forms complementary 

RNA.  
 The first new RNAs produced are not the viral RNAs but are the mirror images 

(complementary copies) of that RNA.  
 As the complementary RNA is formed, it is temporarily connected to the viral strand. 

Thus, the two form a double-stranded RNA that soon separates to produce the original 
virus RNA and the mirror image (-) strand, with the latter then serving as a template 
for more virus (+) strand RNA synthesis. 

 In dsDNA viruses, the viral ds DNA enters the cell nucleus and appears to become 
twisted and supercoiled and forms a minichromosome.  

 The latter is transcribed into two single-stranded RNAs.  
 The smaller RNA is transported to the cytoplasm, where it is translated into virus-

coded proteins  
 The larger RNA is also transported to the same location in the cytoplasm, but it 

becomes encapsidated by coat protein subunits and is used as a template for the 
reverse transcription into a complete virion dsDNA.  

Spread of viruses 

 For successful infection, viruses move into the adjacent cell through plasmodesmata 
intracellularly with cytoplasmic streaming. 

 Some viruses move through host parenchyma cells, causing mostly local lesions.  
 Many viruses move over fairly long distances through phloem specifically through 

sieve tubes and spread systemically and often quite rapidly in their host plant through 
vascular streams.  

 Such movement is mostly through phloem but rarely xylem transport also occurs, e.g., 
Lettuce necrosis yellows virus and Southern bean mosaic virus. 

 Once the virus enters the phloem, it moves rapidly into the sieve tubes towards the 
growing regions and other food utilizing parts of the plant. 

 Virus movement is mostly upwards. Once the virus reaches the phloem, it spreads 
systemically throughout the plant and then moves to adjacent parenchyma cells 
through the plasmodesmata. This systemic distribution of viruses affects all parts of 
host plant except the apical meristem in some cases. 

 
Transmission of Viruses 

 Viruses must be brought in contact with the contents of living host cells. They achieve 
this quite effectively by transmission from an infected plant to a healthy plant in a 
number of ways.  
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Through vegetative propagation 

 The viruses are transmitted from the infected plant parts to the healthy ones of the same 
generation and it results in only primary infection and occurs in monocyclic diseases.  

 Examples are mosaics and leaf roll of potato, and sugarcane viruses.  

Mechanical transmission through sap 

 Some viruses can transmit from diseased to healthy plants through the mechanical 
transmission of the infected sap by touch.  

 Virus infected sap adhering to tools, implements, insect mouth parts, and body, hands, 
clothes of man etc. can transmit viruses to the wounded plant cells.  

 This type of mechanical transmission is wide spread in Tobacco mosaic virus (TMV), 
Potato virus X, etc. 

Seed transmission: Majority of seed transmitted viruses are carried internally.  

 Virus may be carried to the seed from the infected ovule or the pollen.  
 A small percentage show seed transmission. 
 Examples are muskmelon mosaic virus in watermelon, barley stripe mosaic virus, 

tobacco ring spot virus in soybean, common bean mosaic virus. 

Pollen transmission  

 Pollen transmission of virus occurs in sour cherry infected with Prunus necrotic ring 
spot virus.  

Insect transmission 

 Aphids, leaf hoppers, white flies, mealy bugs and scale insects constitute the insect 
vectors. However, aphids and leaf hoppers transmit a larger number of viral diseases 
and are most important .  

 The viruses can be classified as:  

a) Stylet borne viruses (mostly aphid transmitted), which do not go into the system of 
insects and remain near the tip of the stylet and are lost after one or two visits. They are also 
called ‗non-persistent viruses, e.g., Cucumber mosaic virus, Papaya ring spot virus, etc.  
b) Circulative viruses, mostly vectored by leaf hoppers, which take them into their system 
and after circulation, they are returned to the stylet, mixed with the saliva and are transmitted 
to healthy plants they visit, e.g., Maize streak virus 

 Some viruses of circulative nature may multiply inside the insect body and are called as 
‗propagative viruses‘. Leaf hoppers transmitted viruses are mostly circulative and 
propagative in nature, e.g., Tomato spotted wilt virus 

c) Persistent viruses, which are acquired by leaf hoppers and are incubated for 1-2 weeks 
and become viruliferous. Once they start transmitting viruses, they remain infective for long 
periods or even for rest of their life, e.g., Banana bunchy top virus. 
d) Transovarial transmission, in which the viruses once acquired are transferred to their 
following generations. 
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Examples of other Insects transmitting viruses:  

 Green peach aphid transmits potato virus Y (Potyvirus) and potato leaf roll virus 
(PLRV)  

 Leaf hoppers transmit rice stunt virus, aster yellow virus etc.  
 White flies can transmit Papaya leaf curl virus, Yellow vein mosaic virus, Tomato leaf 

curl virus  
 Mealy bug transmits Swollen shoot of cocoa  
 Thrips transmit Tomato spotted wilt virus 
 Beetles transmit Squash mosaic virus, Cowpea mosaic virus and Turnip yellow mosaic 

virus 
 Grass hopper transmits Tobacco mosaic virus (TMV), Potato virus X (PVX) and 

Tobacco ring spot virus. 

Mite transmission 
Mites transmitting viruses have piercing and sucking mouth-parts.  
1. Examples are Wheat streak mosaic virus, Peach mosaic virus and viruses of sterility 
disease of pigeon pea. 
 
Fungus transmission: Three major classes of fungi can transmit viruses.  
(a) Chytridiomycetes- Olpidium brassicae transmits Lettuce big vein virus; and Synchytrium 
endobioticum transmits Potato virus X and Potato mop top virus .  
(b) Plasmodiophoromycetes- Polymyxa graminis transmits Wheat soil borne mosaic virus, 
Spongospora subterranea transmits Potato mop top virus.  
(c) Oomycetes- Pythium ultimum transmits Pea false leaf roll virus. Nematode transmission:  
 
2. NEPO viruses- Longidorus and Xiphinema species are shown to transmit several 
polyhedral viruses, such as Grapevine fan leaf virus, Tobacco ring spot virus, Cherry leaf roll 
virus and Tomato black ring virus.  
 
3. NETU viruses- Species of Trichodorus and Paratrichodorus transmit tubular viruses, like 
Pea early browning and tobacco rattle virus.  
Dodder transmission: 
 
4. Plant viruses are also transmitted from one plant to another through the bridge formed 
between two plants by twining stems of the parasitic plant dodder (Cuscuta sp.)  
 
5. Most commonly involved species are C. campestris transmitting Cucumber mosaic 
virus,Tomato bushy stunt virus and Tobacco mosaic virus; and C. subinclusa is known to 
transmit Sugar beet curly top virus.  

Symptoms of viral diseases 

 Viruses cause a number of symptoms on plants, like mosaic, mottle, vein clearing, 
vein banding, ring spots, enations, yellow vein mosaic, etc.  
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NOMENCLATURE AND CLASSIFICATION OF PLANT VIRUSES 

Nomenclature and Classification of Plant Viruses 

 Traditionally, viruses are named after the most conspicuous symptom they produce on 
the first host. A virus causing mosaic on tobacco is called Tobacco mosaic virus, 
whereas the disease itself is called as tobacco mosaic.  

 There have been frequent changes in the nomenclature and classification of viruses 
and generic names have been adopted.  

 A genus is usually considered as a population of virus species that shares common 
characteristics and are different from other population of species.  

 Currently 70 genera of plant viruses have been recognized. 
 The genera are named either after the type species (Caulimovirus after Cauliflower 

mosaic virus) or are given a descriptive name often from a Greek or Italian word for a 
major feature of a genus, e.g., Closterovirus from the Greek word ‗kloster‘ meaning ‗a 
spindle or thread‘ – descriptive of virus particle shape; Geminivirus from the Latin 
word ‗geminous‘ meaning twins to describe the particles.  

 Secondly, genera are grouped together into family on common characteristics.  
 There are 14 families recognized for plant viruses, such as Reoviridae and 

Rhabdoviridae, which are common with animal viruses. However, 22 genera have not 
yet been assigned any family and are called ‗floating genera‘.  

 The family is either named after type member genus (e.g., Caulimoviridae named 
after Genus Caulimovirus) or given a descript to be named associated with genus for a 
major feature of family, e.g., Geminiviridae descriptive of virus particles.  

 Only three orders have been accepted so far by International Committee for 
Taxonomy of Viruses (ICTV). The mononegavirales contains, among others the 
Rhabdoviridae in which there are two plant virus-families  

Use of virus names 

 The ICTV sets rules which are regularly revised on virus nomenclature and the 
orthography of taxonomic names.  

 The last word of the species is ‗virus‘; and suffix word for a genus is ‗virus‘, for a 
subfamily is ‗virinae‘, for a family is ‗viridae‘, for an order is ‗virales‘.  

 In formal taxonomic usage, the virus order, family, genus and species names are 
printed in italics or underlined with first letter being capitalized. 

 Other words in species names are not capitalized unless they are proper nouns or parts 
of proper noun. 

 Also in formal usage, names of taxons should proceed the name being used e.g. 
Family Caulimoviridae, the Genus Closterovirus, the species Potato virus Y.  

 However, in less formal instances which are widely used, the taxonomic unit is 
omitted.  

 The plant viruses are classified on the basis of structure, physico-chemical properties, 
serological relationships, activities in the host plants and transmission. 

Latest Classification 
The plant viruses are classified in five major groups based on: 
– Nature of the genome (RNA or DNA) 
– Strandedness (single or double stranded) 
– Method of replication 



Fundamentals of Plant Pathology 

 

www.Agrimoon.com Page 54 

 Each group (not a recognized taxon) has orders, families, genera and species.  
 The five groups are:  

i) Single stranded positive sense RNA [(+) RNA] viruses  
ii) Single stranded negative sense RNA [ss (-) RNA] viruses 
iii) Double stranded RNA (ds RNA) viruses  
iv) Double stranded DNA virus [ds DNA (RT)] viruses  
v) Single stranded DNA [ss DNA] viruses  
 
I. Single stranded positive sense RNA [(+) RNA] viruses: 

 Order: Nidovirales  

i) Family: Bromoviridae, e.g., Bromovirus (Brome mosaic virus-BMV), Alfamovirus 
(Alfalfa mosaic virus-AMV), Cucumovirus (Cucumber mosaic virus-CMV) and Ilarvirus 
(Tobacco streak virus-TSV).  
ii) Family: Closteroviridae, e.g., Closterovirus (Beet yellows virus-BYV), Ampelovirus 
(Grapevine leaf roll associated virus GLRaV). 
iii) Family: Comoviridae, e.g., Comovirus (Cowpea mosaic virus), Fabavirus (Broad bean 
wilt virus), Nepovirus (Nematode transmitted polyhedral virus, like Tobacco ring spot virus). 
iv) Family: Flexiviridae, e.g., Potexvirus (Potato virus X), Carlavirus (Carnation latent 
virus). 
v) Family: Luteoviridae, e.g., Luteovirus (Barley yellow dwarf virus-BYDV) and 
Polerovirus (Potato leaf roll virus- PLRV) 
vi) Family: Potyviridae,  
This family is largest single group of plant viruses and has been studied more extensively. 
Members of genus Potyvirus are one of the most successful plant viral pathogens. e.g., 
Potyvirus (Potato virus Y-PVY), Ipomovirus (Sweet potato mild mottle virus-SPMMV) and 
Bymovirus (Barley yellow mosaic virus). 
vii) Family: Sequiviridae, e.g., Sequivirus (Parsnip yellow fleck virus-PYFV) and 
Waikavirus (Rice tungro spherical virus- RTSV).  
viii) Family: Tombusviridae, e.g., Tombusvirus (Tomato bushy stunt virus- TBSV), 
Carmovirus (Carnation mottle virus), Necrovirus (Tobacco necrosis virus-TNV)  
ix) Family: Tymoviridae, e.g., Tymovirus (Turnip yellow mosaic virus- TYMV). 

o Some of the very important viruses like Tobamovirus (Tobacco mosaic virus- 
TMV), Tobravirus (Tobacco rattle virus-TRV), Potexvirus (Potato virus X-
PVX) etc. have not been assigned any family yet.  

II. Single stranded negative sense RNA [ss (-) RNA] viruses: Members of this group are 
only enveloped plant viruses. 
Order: Mononegavirales  

 Family: Rhabdoviridae, e.g., Cytorhabdovirus (Lettuce necrotic yellows virus- 
LNYV) and Nucleorhabdovirus (Potato yellow dwarf virus- PYDV).  

 Family: Bunyaviridae, e.g., Tospovirus (Tomato spotted wilt virus-TSWV; 
Groundnut bud necrosis virus- GBNV) 

 
III. Double stranded RNA (ds RNA) viruses : There is no order assigned.  
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 Family: Rheoviridae, e.g., Fijivirus (Fiji disease virus-FDV) and Phytorheovirus 
(Wound tomur virus- WTV). 

 Family: Partiviridae, e.g., Alphacryptovirus (White clover crypto-virus 1 ) and 
Betacryptovirus (White clover crypto-virus 2 ) 

 
IV. Double stranded DNA virus [ds DNA (RT) virus]: No order has been assigned. 

 Family: Caulimoviridae, e.g., Caulimovirus (Cauliflower mosaic virus- CaMV) 

V. Single stranded DNA [ss DNA] virus: No order has been assigned.  

 Family: Geminiviridae, e.g., Mastrevirus (Maize streak virus- MSV), Curtovirus 
(Beet curly top virus-BCTV), Begomovirus (Bean golden mosaic virus- BGMV), 
Bhendi yellow vein mosaic virus- BYMV and Cassava latent virus- CLV. 

 Family: Circoviridae, e.g., Nanovirus (Subterranean clover stunt virus; Banana 
bunchy top virus-BBTV). 
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LECTURE 12 

ALGAE AND FLAGELLATE PROTOZOA CAUSING PLANT DISEASES  

INTRODUCTION 

Algae 

 Parasitic algae are green in colour.  
 Cephaleuros is the best known genus, and is a plant parasite living under leaf cuticle.  
 It was first reported from India in the 19th century, causing damage to tea and coffee 

plantations.  
 Now, over 400 hosts of Cephaleuros are recorded all over the world infecting 

hibiscus, orchids, euphorbias, citrus and forest trees, and 90 percent of its hosts are 
dicot.  

 Cephaleuros belongs to phylum Chlorophtya, class Ulvophyceae, order 
Trentepohliales, and family Trentepohliaceae.  

 There are 13 species of Cephaleuros, but 6 are more common. These are: C. expansa, 

C. .henningsii, C. karstenii, C. minimus, C. parasiticus, and C. virescens. Among 
these, C. parasiticus and C. virescens are most common and cause maximum damage.  

 C. virescens causes red rust of tea and mango. 

Red rust  

 Fluffy, bright-orange red spots occur on leaves and stems that look very much like 
rust fungi. 

 C. virescens has the misleading common name ‗red rust‘.  
 Species of Cephaleuros have fungus-like filaments, sterile hairs and produce 

sporangiophores and zoosporangia on the lower surface of leaves that look like downy 
mildew fungi. Necrosis may be limited to the epidermis or spread into the deeper 
tissues of the leaves. Severe damage usually occurs on older leaves leading to 
defoliation.  

Lichens 

 Fungi parasitize Cephaleuros to form lichens.  
 The lichenized state of C. virescens is identified as Strigula elegans.  
 Early literature suggests that the fungus portion of the lichen (mycobiont) was 

responsible for plant damage.  
 Recent findings show that the fungus parasitizes the alga, not the plant. Plant injury is 

caused by the alga much before a fungus colonizes it.  
 Management of algal infections includes: 

i) Plant spacing and pruning to increase air circulation and light 
ii) Sanitation  
iii) Appropriate use of fertilizers and irrigation to promote plant growth. 
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Protozoa 

 Certain protozoa, such as trypanosomatid flagellates belonging to class Mastigophora, 
order Kinetoplastida, family Trypanosomatidae are accepted as plant parasites even 
though Koch‘s postulates could not be established for them.  

 However, evidence supporting their pathogenicity is more evident than that available 
for the fastidious bacteria and mollicutes, and so they are accepted as plant pathogens.  

 The protozoa as such may be living freely, or living symbiotically or as parasites 
subsisting on organisms such as algae, yeasts, bacteria and other protozoa.  

 Only the flagellates among the protozoa have been found to be associated with plant 
diseases.  
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CHARACTERISTICS 

Characteristics 

 The flagellates have a long, oval or spherical body with a thin, flexible covering 
membrane or it may be armoured.  

 They have one or more slender flagella, which are used for both locomotion and food 
capture.  

 Many species of the flagellates like Phytomonas have been reported from several 
plants belonging to the family Euphorbiaceae (P. davide on Euphorbia sp.), 
Asclepiadaceae (P. almassiani on milkweed), Moraceae (P. bancrofti on Ficus sp.), 
and Rubiaceae (P. leptovasorum on coffee).  

 Some other unknown forms are parasitic on oil palm and coconut palm. 
 These parasites seem to be insect- transmitted, though an insect vector has been 

reported only for P. almassiani.  
 Since most of those associated with laticiferous plants do not produce any clear 

symptoms, there is a feeling that these are just parasites but not pathogens.  
 The non-laticiferous plants like coffee, coconut palm and oil palm develop 

characteristic external symptoms, such as leaf yellowing, wilting and malformation of 
phloem tissue often leading to considerable damage to the plant and ultimately death.  

Phloem necrosis of coffee 

 It is caused by Phytomonas leptovasorum and occurs in Suriname, British Guyana, 
and probably Brazil and Columbia.  

 It affects the tree of Coffea liberica and C. arabica. Infected trees show sparse 
yellowing and dropping of leaves, and, only the young top leaves remain on the 
otherwise bare branches, followed by death of the trees, sometimes within 3-6 weeks.  

 The flagellates can be traced from the roots upward to trunk, where they seem to 
migrate vertically in the phloem and laterally through the sieve plates into healthy 
sieve tubes.  

 This disease can be transmitted through root grafts but not through green branch or 
leaf grafts. Its insect vector is a pentatomid Lincus sp.  

Hart rot of coconut palms 

 Hart rot has been known in Suriname since 1906, sometimes under the more 
appropriate names of lethal yellowing or bronze-leaf wilt , Cedros wilt and unknown 
disease.  

 Many of the symptoms of hart rot are similar to those caused by lethal yellowing 
disease of coconut palm in the Caribbean, West Africa, Florida, the cause of the two 
diseases seem to be unrelated. 

 The hart rot symptoms include yellowing and browning of the tips of the older leaves 
which subsequently spread to the younger leaves. 

 Recently opened inflorescences are black , and unripe nuts of the symptomatic trees 
fall off.  

 Flagellates of the genus Phytomonas occur in mature sieve elements of young leaves 
and inflorescences of hart rot affected coconut palms.  

 The number and spread of the flagellates in the sieve tubes increase proportionally 
with the development of the disease.  
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 They are also transmitted by the pentatomid insects of genera Lincus and Ochlerus.  

Sudden wilt (Marchitez) of oil palm 

 The symptoms begin as browning of the tips of the lower leaflets of the oil palms.  
 The browning subsequently spreads to the upper leaves and eventually becomes ash 

grey.  
 In the mean time, root tips also begin to die and the whole root system deteriorates. 
 As a result, the plant growth slows down, fruit bunches discolour and rot or fall off; 

and within a few weeks, all leaves become ash grey and dry up and the whole tree 
dies out.  

 Phytomonas flagellates occur widely in the phloem sieve elements of the roots, leaves 
and inflorescences of the infected plants. 

 These flagellates are also transmitted by Pentatomid insects Lincus and Ochlerus. 

Empty root of Cassava 

 The empty root disease was observed affecting certain cultivars of cassava (Manihot 
esculenta) in the Espirito Santo state of Brazil.  

 Affected plants show poor root development.  
 They remain small and slender, and contain little or no starch.  
 Above ground parts of the infected plants show chlorosis and decline.  
 Diseased plants contain numerous Phytomonas like protozoa in the laticiferous ducts 

but not in phloem.  
 The empty root disease can be transmitted by grafting.  
 It also spreads rapidly in the field, probably by the above insect vectors. 
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LECTURE 13 

FLOWERING PARASITIC PLANTS 

INTRODUCTION 

Characteristics of Flowering Parasitic Plants  

 The pathogenic flowering plants, also called parasitic angiosperms can be classified as 
root parasites or stem parasites.  

 Root parasites (witchweed and broomrape) are more common and more diverse 
taxonomically.  

 Stem parasites include the dodder (Cuscuta) and mistletoes (Arceuthobium).  
 The angiospermic parasites can also be classified as holoparasites (total parasites) or 

hemiparasites (semiparasites).  
 The holoparasites lack chlorophyll and are totally dependent on the host for nutrition. 

Thus, they are obligate parasites.  
 The hemiparasites contain chlorophyll and make their own food, and absorb water 

and minerals from their host. But, in some cases, e.g., Arceuthobium, the 
photosynthesis is negligible and the parasite draws nutrition from the host. Practically, 
it is an obligate parasite.  

Important Genera 

 There are 277 genera and as many as 4100 parasitic plant species; but only 25 genera 
are recognized as plant pathogens.  

 Out of these 25 genera, four are more damaging to crops viz., Striga (witcweed), 
Orobanche (broomrape), Cuscuta (dodder) and Arceuthobium (dwarf mistletoe).  

 Striga is more prevalent in Asia and Africa, while Orobanche is worldwide, but more 
damaging in the Middle East. 

 Both Striga and Orobanche produce microscopic seeds called ―dust‖ seeds that persist 
in the soil for a long time, and are difficult to control. 

 Dwarf mistletoes (Arceuthobium spp.) are the major pathogens of coniferous trees 
(belonging to families Pinaceae and Cupressaceae).  

 Dendrophthoe (Loranthus) and Viscum species are parasitic on the forest, fruit and 
avenue trees; and are responsible for their die back and drying in Himachal Pradesh. 
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ROOT PARASITES 

Striga (whichweed) 

 Striga is an obligate root hemiparasite, although the seedlings above ground do form 
chlorophyll.  

 Striga has made greater impact than any other parasitic angiosperm.  
 It attacks important crops like maize, sorghum, pearl millet, rice, sugarcane and 

legumes (cowpea, groundnut, etc.). 
 Two species, S. asiatica and S. hermonthica cause maximum damage to crops.  
 Striga has a complex life cycle. It produces thousands of ‗dust‘ seeds that are 

disseminated by wind and rain.  
 The seeds after a dormant ‗ripening‘ period of several months, respond to chemical 

signals exuded by the host.  
 The chemical signals enable the Striga seeds to detect the type of host and its distance 

from the host.  
 Seed germination of Striga, as in all obligate root parasites, is cryptocotyler i.e. the 

cotyledons remain within the seed when the radical comes out.  
 The radical produces root hair like structures that glue it to the host.  
 If the host is suitable, a haustorium is formed that penetrates and forms a link with the 

host vascular system.  
 Once the parasite is established, the distinctive seedling of Striga is formed 

underground, which lacks chlorophyll, possesses scale-like leaves, and produces 
abundant adventitious roots that form additional haustoria, establishing more 
connections with the host.  

 The seedlings exert great influence on the growth-regulating metabolism of the host, 
stimulating root production.  

 Significant damage to the host occurs at this stage. The next stage is emergence of the 
seedlings above ground.  

 Chlorophyll develops, and in due course, flower and seeds are formed. The life cycle 
is ready for a repeat. 

 A major problem in control is persistence of the tiny seeds in the soil. Ethylene gas is 
introduced into the soil to induce seed germination, which becomes suicidal in 
absence of the host.  

 Equipments and application methodologies have been developed to introduce the gas 
into the soil.  

 Up to 90% seeds germinate by this method, and die in absence of the host. 
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Orobanche (broomrape) 

 This is an obligate root holoparasite, infecting legumes, solanaceous crops, carrot, 
cabbage, cauliflower, lettuce and sunflower.  

 Total crop failure may occur in heavily infested soils. The parasite appears as whitish, 
yellowish or brownish stems, about 30 cm high that arise from the roots of infected 
host, and bear beautiful flowers, besides bracket-like leaves lacking chlorophyll.  

 In general, Orobanche is a parasite of colder climate and need 10-20oC of temperature 
for seed germination.  

 This is the reason why it attacks tobacco during winter in India, but fails to infect 
sunflower during summer in the same field.  

 Seed germination requirements of Orobanche are different from those of Striga.  
 It needs low temperature (10-20oC); the germinated seeds are geotropically neutral 

i.e. they do not grow downward in the soil and ethylene has no stimulatory effect.  
 Its control is difficult due to the high longevity (more than 5 decades) of the seeds in 

the soil, their extremely small size (less than the thickness of human a hair), their 
production in extremely large number, and subterranean infection. 
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STEM PARASITES 

Cuscuta (dodder)  

 It is obligate stem holoparasite and is among the best known of all parasitic plants.  
 Its slender, twining, orange-yellow, leaf less stems form conspicuous tangled mass on 

the host.  
 The host range is large, though monocots are less preferred.  
 Dodders are most important parasites of legumes.  
 Cuscuta campestris is the most widely distributed among its 10 species that attack 

crops. 
 It causes considerable damage to alfalfa, flax, sugarbeet, onion and other crops 

besides fruit, fodder and forest trees and shrubs . It also transmits viruses.  
 The most effective means of control is seed sanitation. Several herbicides are 

effective on newly-germinated seeds.  

 

Mistletoes 

 Mistletoes are stem holoparasites occurring in three families of the order Santalales as 
follows:  

 Family Loranthaceae: Showy mistletoes [Loranthus (Dendrophthoe)]  
 Family Santalaceae: sandalwood (Pyrularia, Santalum) 
 Family Viscaceae: Dwarf mistletoe (Arceuthobium), leafy mistletoe (Viscum) 
 The showy ―mistletoes‖ produce large and beautiful flowers that are pollinated by 

birds.  
 The co-evolution of these parasites and the birds is also suggested by the seed 

dispersal mechanism operating in the birds.  
 Santalaceae, the sandalwood family have a few members (Pyrularia etc.) that cause 

negative impact on their hosts.  
 Family Viscaceae is called ―Christmas mistletoe family‖, because their shoots with 

the white berries are used as door festoons during Christmas in temperate countries.  
 The family has seven genera, and a large number (543) of species, most of which 

belong to three genera, Viscum, Phoradendron and Arceuthobium.  
 The seeds are covered with a sticky substance, called ‗viscin‘ that glues the seeds to 

the host surface. 
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Arceuthobium (Dwarf mistletoe) 

 Arceuthobium is the most important mistletoe in terms of economic losses, especially 
to the coniferous trees belonging to families Pinaceae and Cupressacceae.  

 11.3 million cubic meters of wood is lost annually due to the ‗dwarf mistletoe‘ 
Arceuthobium in the US.  

 It is a small (1.0-2.5 cm long) plant having green to brown aerial shoots, without 
secondary branching.  

 Leaves are small, scale- like leaves. The major function of the aerial shoot is 
reproduction.  

 The flowers are small and unisexual, present on same (monoecious) plants or on 
different (dioecious) plants.  

 Pollination is brought about by insects and wind.  
 Male aerial shoots are shed soon after pollination, but the female shoots persist until 

the seeds are formed and dispersed.  
 Remnants of the aerial shoots persist as basal cups, on the host tree, where once the 

aerial shoots were formed. 
 The seeds, which are discharged explosively from the fruit at the rate of 27 metres per 

second, reach up to 16 metres.  
 The seed sticks to the surface by the viscin coating.  
 It slides to the base of the ―needle‖ where it germinates. 
 The radicle forms a hold fast from which the haustorium emerges and penetrates the 

host tissue.  
 Thus endophyte is formed, but it takes one year to form the aerial shoots, and 3-10 

years to complete the life cycle (infection to seed dispersal). 
 This long life cycle is profitably used in disease management. 
 Selective removal of infected trees has been highly effective in controlling 

Arceuthobium infestation.  
 Chemical control has also been successful with ethephon, an environmentally safe 

chemical.  
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LECTURE 14 

NON-PARASITIC CAUSES OF PLANT DISEASES 

INTRODUCTION 

 Diseases caused by non- parasitic/ abiotic (nonliving) agents are 
not transmitted from one plant to another. Thus, they are not 
infectious, and also called non-infectious diseases or simply, 
disorders.  

 Extremes of temperature and water (flooding or drought), 
deficiency or excess of essential nutrients, presence of toxic 
chemicals in air, water and soil, transplant shock and 
mechanical injury are the important causes of abiotic diseases.  

 Surprisingly, the symptoms of non-infectious (non-parasitic) 
diseases resemble those produced by living agents viz., fungi, 
bacteria, viruses and nematodes. If no signs of these organisms 
are present, a nonliving agent may be the cause of the disease. 

 Meteorological weather reports and plant and soil analyses for 
mineral elements is the next step to confirm the disease agent.  
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TEMPERATURE EXTREMES 

Temperature Extremes  

 Sudden rise and fall in temperature causes injury to plants.  
 Harmful effects of chilling, freezing and sunburn are well known.  
 The plants may get adapted to their climate and show chill or frost resistance.  

Chilling injury: It occurs at temperature close to 0oC. Tropical plants begin to experience 
cold damage at 5-100C.  

 Symptoms include wilting of the upper portions of stems and leaves, blackening or 
softening of the plant tissue, surface pitting, necrosis or failure of ripening of fruits.  

 This injury is severe in some warm season fruits. 

Freezing or Frost injury: It occurs at temperatures below 0oC.  

 It is caused by formation of ice. Since water in the intercellular spaces is pure, ice 
crystals are first formed there, then inside the cells.  

 The crystals formed inside the cells damage the cell organelles. 

High temperature and dry winds: They cause rapid loss of water.  

 Leaf margins turn yellow or brown and leaves fall off prematurely.  
 Sun-scald injury occurs when shade loving plants are suddenly exposed to direct sun.  
 Sunken brown areas on apples, water-soaked areas on tomatoes are examples of heat 

injury. 
 High temperature also causes water core symptoms in apple. 
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SOIL MOISTURE EXTREMES 

Low soil moisture, which occurs during drought, causes accumulation of toxic ions of 
manganese and boron, which damage tissues and cause stomatal closure.  

 This adversely affects the plants. Wilting discoloured foliage, twig and branch ‗die 
back‘ in the crown, and death of fine roots are the symptoms of water deficiency. 

Excess soil moisture or flooding results in diminished oxygen supply in the soil water that 
kills the root. 

 Symptoms of oxygen deficiency, during high moisture are reduced growth, small 
leaves and thin crowns, twig and branch ‗die back‘ and plant death. 

Unfavourable light 

 Insufficient light causes etiolation, stunted growth, and reduction in flowering.  
 High light intensity leads to scorching and rolling of leaves and drying of flowers. 
 Enhanced photoperiod results in abnormal shape, erratic flowering etc.  

Lack of Oxygen 

 Apart from the asphyxiation of plant roots in waterlogged soils and its adverse effects 
on the plants as discussed above, lack of oxygen may also result from its failure to 
diffuse adequately both between and within fruits or the storage organs kept in bulky 
piles or under poor ventilation. 

 In such stress conditions, the cells die of suboxidation and results in storage diseases 
such as black heart of potatoes, in which the cortex of the affected tuber is blackened; 
and internal browning in apple. 
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MINERAL NUTRIENT IMBALANCES 

 Currently seventeen elements (nickel is the latest addition) are recognized as essential 
for plant growth. Among them, thirteen are found in soil mineral.  

 The essential elements are divided into three categories: macronutrient elements, 
micronutrient elements (or trace elements) and beneficial elements. 

 Carbon, hydrogen, oxygen, nitrogen, phosphorus, potassium, calcium, magnesium 
and sulphur are macronutrients. 

 The micronutrients (needed less than 100µg per gram in dry tissue) include iron, 
manganese, zinc, copper (these are metal micronutrients) boron, molybdenum, 
chlorine and nickel.  

 Beneficial elements, although not essential, do provide benefit to the plant.  

Mineral deficiencies 

 When the soil is deficient in any element, or the element is ‗unavailable‘ due to, for 
example unsuitable pH, it shows up as typical symptoms in the plant.  

 The common symptoms of nutrient deficiencies are: reduced growth, leaf chlorosis of 
different patterns, and necrosis.  

 Symptoms are very similar and occasionally indistinguishable for different elements.  
 Soil and plant tissue analyses are therefore, necessary for the symptoms. The 

deficiency may be acute or chronic. The former is due to sudden unavailability of the 
element, while he latter is a continuous insufficient supply.  

 Nutrient mobility plays an important role in determining the site of the deficiency 
symptoms.  

 For highly mobile elements like nitrogen and potassium, the deficiency symptoms 
appear predominantly in older and mature leaves.  

 Deficiency of poorly mobile elements, like calcium, boron and iron show up in 
younger leaves, opposite of what happens with highly mobile elements. 

 

 The symptoms of deficiency of moderately mobile elements like magnesium and 
sulphur, are uniformly spread all over the plant.  

 The symptoms of mineral deficiencies is recorded in the following table: 

 



Fundamentals of Plant Pathology 

 

www.Agrimoon.com Page 69 

Sr.No  Deficient 
element  

Symptoms  

1  Nitrogen  Poor growth, chlorosis of leaves, delayed flowering and 
fruiting  

2  Phosphorus  Poor growth, blue/green, but not yellow, colour of leaves, 
oldest leaves affected first  

3  Potassium  Brown scorching and curling of leaf tip, yellowing of leaf 
veins  

4  Calcium  Curling and tip burn of leaves, stunted growth abnormal 
development of meristmatic tissues, and eventual death of 
buds and root tips. Also causes bitter pit in apple. 

5  Magnesium  Interveinal chlorosis, giving a mottled appearance to leaves, 
similar to virus infection  

6  Sulfur  Chlorotic leaves, petioles and veins distinctly red.  

7  Iron  Chlorosis of leaves, young leaves appear bleached, symptoms 
similar to manganese deficiency  

8  Manganese  Chlorotic leaves with green veins  

9  Zinc  Younger leaves yellow, pitting on lower leaf surface, leaves 
and internodes shortened, giving a rosette-like look to plants; 
guttation increased  

10  Copper  Leaves pale and curled; petioles droop down  

11  Boron  Drying of growing tip, bushy stunted growth, and internal 
tissue breakdown.  

12  Molybdenum  Chlorosis of leaves; symptoms similar to nitrogen deficiency. 
Also causes whiptail disease in cauliflower. 

13  Chloride  Leaves of abnormal shapes, and with interveinal chlorosis.  

 
Aluminum toxicity  

 Aluminum is one of the most abundant element is the earth crust.  
 It is toxic to several plants at 2-3 ppm concentration, when the soil pH is 5.5 and 

above.  

Symptoms  

 Symptoms of aluminum toxicity are not easily identifiable. 
 The foliar symptoms resemble those of phosphorus deficiency, viz., overall stunting, 

blue/green colour of leaves. 
 In some cases, aluminum toxicity appears as an induced calcium deficiency, showing 

curling, rolling and tip burn of young leaves, and collapse of growing points or 
petioles. 
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Injury By Air Pollution (SO2, F, Cl2, O3, PAN,C2H4) 

 Injury caused by air pollution is often evident on plants before it affects human beings 
and other animals.  

 Air pollutants may be inorganic (sulphur dioxide-SO2, fluorine-F , chlorine-Cl2, and 
ozone-O3; or organic (peroxy-acetyl nitrate- PAN, and ethylene- C2H4).  

 The symptoms caused by air pollutants are very similar to those caused by biotic and 
other abiotic factors, like mineral deficiency and excesses, or the adverse effects of 
temperature, water and light.  

 In general, the visible symptoms are of three types:  

i) Collapse of leaf tissues, forming necrotic symptoms  
ii) Yellowing or other colour changes  
iii) Alterations in growth 
iv) Premature defoliation  

 Damage is severe during warm, still and humid weather, when the atmospheric 
pressure is high. 

 In this condition the pollutants accumulate near the earth‘s surface, as the warm air 
above in the atmosphere traps the cooler air near the ground. This is called air 
inversion.  

 The plants vary in their response to the pollutants, and are categorized into very 
sensitive and somewhat resistant plants for each type of pollutant. 

 For control and disease management, resistant plants should be grown in SO2 prone 
areas, and plant vigor should be maintained.  

 In good health, plants resist all types of injury better than weakened plants.  
 The damage to plants by air pollutants is given in following Table. 
 Symptoms caused by air pollutants 

Air pollutant  Symptoms  

Sulphur dioxide  Marginal and inter-veinal chlorosis, reduced growth and 
defoliation. Near brick kilns, SO2 toxicity is known to cause 

black tip or tip necrosis of mango in India.  

Fluoride  Yellowish mottle to scorching at margins and the tips of 
broad-leaf plants, tip burns in grasses and conifers  

Chloride  Marginal and inter-veinal chlorosis, similar to that caused by 
sulphur dioxide and chloride.  

Ozone  Chlorosis and necrosis, flecking, bronzing and reddening of 
leaves, stunted growth, reduction in yield more pronounced 
in dicots (soybean, cotton and peanut) than in monocots 
(sorghum, corn and wheat)  

Organic   

PAN  Collapse and death of leaf tissues, typical leaf glazing, 
browning or silvering; stunted growth, early senescence and 
defoliation  

Ethylene  Modifies activity of other hormones, affecting normal organ 
development, shoot and leaf epinasty, accompanied by 
stunted growth.  
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LECTURE 15 

INFECTION PROCESS 

INTRODUCTION 

 In every infectious disease, a series of more or less distinct events occurs in 
succession which leads to the development of the disease. This chain of events is 
called Pathogenesis or disease cycle. 

 A disease cycle sometimes corresponds fairly closely to the life cycle of the pathogen, 
and refers primarily to the appearance, development and perpetuation of the disease as 
a function of the pathogen rather than to the pathogen itself. 

 The life cycle of a pathogen refers to the stage or successive stages in the growth and 
development of the pathogen (or any organism) that occurs between the appearance 
and reappearance of the same stage (e.g. spore) of the organism. 

 Disease cycle involves changes in the plant and its symptoms as well as those in the 
pathogen; and spans periods with in a growing season and from one growing season 
to the other.  

Primary Events in the Disease Cycle 
i) Inoculation  
ii) Penetration 
iii) Establishment of the infection 
iv) Colonization (invasion) 
v) Growth and reproduction of the pathogen 
vi) Dissemination of the pathogen 
vii) Survival of the pathogen in the absence of the host i.e. overwintering and over-
summering (over-seasoning) of the pathogen 

o In some cases, there may be several infection cycles within one disease cycle.  
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INOCULUM AND INOCULATION 

Inoculum and Inoculation 

 Inoculum- The infective pathogen propagules coming in contact with the host 
constitutes the inoculum. 

 Inoculation is the initial contact of the pathogen with the site of the plant where 
infection is possible.  

 In fungi, the inoculum may include the spores, sclerotia (compact mass of mycelium) 
or fragments of the mycelium.  

 In bacteria, phytoplasmas, protozoa, viruses and viroids, the inoculum is always their 
whole individuals.  

 In nematodes, it may be adult nematodes, juveniles or eggs. In parasitic flowering 
plants, the inoculum may be plant fragments or seeds. 

 Primary inoculum -The inoculum that survives dormant in the winter or summer and 
brings about original infections in the spring and autumn is called primary inoculum, 
and the infections it causes are called primary infections.  

 Secondary inoculum- The inoculum produced from primary infections is called 
secondary inoculums, and it, in turn causes secondary infections.  

 Generally, the amount of inoculum and prevalence of favourable environmental 
conditions determine the success of infection.  

 Inoculum potential has been defined as the ‗energy of growth of parasite available for 
infection of host at the surface of the host organ to be infected‘.  

 It is the resultant of action of the environment, the vigour of the pathogen to establish 
an infection, the susceptibility of the host and amount of the inoculum present.  

 The inoculum, which survives whether on perennial plants, plant debris or soil, or on 
the propagative planting material is carried to the host plants mostly by wind, water, 
insects or man. 

 Only a tiny fraction of the potential inoculum produced actually lands on the 
susceptible host plants.  

 The bulk of the produced inoculum lands on the things that cannot become infected.  
 Some types of inoculum, in the soil, e.g., zoospores and nematodes may be attracted 

to the host plant by chemical substances like sugars and amino acids diffusing out of 
the plant roots. This process is known as chemotaxis.  

 Vector transmitted pathogens are usually carried to their host plants with an extremely 
high efficiency.  

Pre-penetration Activities of the Pathogen on the Host Surface 

 Almost all fungi, bacteria and parasitic higher plants, must be first attached to the host 
surfaces.  

 This attachment takes place through their adhesive materials which are composed of 
water insoluble polysaccharides, glycoproteins, lipids and fibrillar materials, which 
when moistened become sticky and help the pathogens to adhere to the plant. 

 Pathogens, such as phytoplasmas, fastidious bacteria, protozoa and most viruses are 
placed directly into the cells of the plants by their vectors.  

 Many fungal pathogens first grow on the surface of the host to get proper mechanical, 
morphological and chemical strength to bring out the penetration of the barriers.  

 In Rhizoctonia solani, the fungus first forms infection cushions and appressoria and 
from their multiple infections take place by means of infection pegs. 
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 In Armillariella mellea, the fungus hyphae form the rhizomorphs (aggregation of 
hyphae forming rope like/root like structures), which produce desired amount of 
enzymes required for direct penetration of the host.  

 In other fungi, the spores landed on the host surfaces germinate producing germ tubes, 
which cause penetration, directly or indirectly or they first produce appressoria from 
which infection threads develop and penetrate the host.  

 Appressoria are swollen structures formed on the tips of the germ tubes and facilitate 
in attachment and penetration of the host, which are produced by their thigmotropic 
(contact) response to the hard surfaces, and in turn produce infection hyphae or 
infection pegs and exert pressure to affect the direct penetration of the host.  

 Seeds of parasitic flowering plants germinate by producing a radical which either 
penetrate the host plant directly or first produces a small plant that subsequently 
penetrates the host plant by means of specialized feeding structures called haustoria. 

 Nematode eggs also require conditions of favourable temperature and moisture to 
become activated and hatch. 
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PENETRATION 

Plant pathogens penetrate the plant surfaces by direct penetration of the cell walls, natural 
openings or through wounds. 

 
Direct penetration 

 Direct penetration through intact plant surfaces is probably the most common type of 
penetration by fungi, oomycetes and nematodes and only type of penetration through 
parasitic flowering plants. None of the other pathogens can enter plants by direct 
penetration. 

 Hemibiotrophs or non-obligate parasitic fungi do so through a fine hyphae produced 
directly by the spore or the mycelium.  

 The obligate parasites do so through a penetration peg produced by an appressorium.  
 They are formed at the point of contact of the germ tube or mycelium with a plant 

surface.  
 The fine hyphae growing towards the plant surface pierces the cuticle and the cell 

wall through mechanical force and enzymatic softening of the cell wall substances.  
 Most fungi form an appressorium at the end of germ tube, it 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 towards the 

host and pierces the cuticle and cell wall. 
 The penetration peg grows into the small hyphae generally much smaller in diameter 

than the normal hyphae of the fungus and regains its normal diameter once inside the 
cell.  

 Parasitic higher plants also form an appressorium and penetration peg and 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 stylets. Such thrusts finally create fine opening in the cell wall. It then inserts its 
stylet into the cell so the entire nematode enters the cell. 

Indirect penetration (through wounds) 

 All bacteria, most fungi, some viruses and all viroids can enter through various kinds 
of wounds.  

 Some viruses and all mollicutes, fastidious vascular bacteria and protozoa enter plants 
through wounds made by their vectors. 

 The bacteria and fungi may grow briefly on the lacerated or dead tissues before they 
advance in to the healthy tissues. 

 The penetration of viruses, phytoplasmas, fastidious bacteria and protozoa through 
wounds depends on their deposition by the vector on fresh wounds created at time of 
inoculation.  

 Some viruses and viroids penetrate through wounds made by human hands and tools. 

Indirect penetration through natural openings 
Stomata are natural openings and are more in number on lower leaf surfaces; measuring 
about 10-20 x 5-8 µm, and are open in the day time; but are more or less closed at night. 

 Bacteria which are present in a film of water over stomatal openings, swim through it 
easily and reach the sub-stomatal cavity when they can multiply and start infection.  
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 Fungal spores generally germinate on the plant surface and germ tubes may grow 
through stomata.  

 The germ tubes form an appressorium that fits tightly over one stomata and normally 
one fine hypha grows from it into the stoma.  

 It enlarges through sub-stomatal cavity giving rise to several small hyphae that 
actually invade the cells of the host plants directly or through hasutoria.  

 Although some fungi can penetrate through closed stomata, others penetrate stomata 
only while they are open, e.g., Puccinia graminis tritici, the cause of stem rust of 
wheat.  

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

 Some bacteria, e.g., the one which causes black rot of cabbage (Xanthomonas 
campestris pv. campestris) use these pores as means of entry into the leaves. 

 Erwinia amylovora causing fire blight of apple and pear also enter blossoms through 
the nectarthodes or nectaries which are similar to hydathodes but are present on the 
receptacle or other parts of the flower. 

Lenticels are openings on the fruits, stems and tubers that are filled with loosely connected 
cells to allow passage of air and seem to offer little resistance to pathogen entry.  

 Lenticel and wound penetration are quite similar. Many lenticel invaders can also 
enter through wounds, particularly soil borne pathogens like Streptomyces scabies 
(causing potato common scab), Erwinia carotovora (soft rot of vegetables), 
Armillariella mellea (root rot), Spongospora subterranea (potato powdery scab), , 
Penicillium expansum (causing blue mould rot), Monilinia fructicola (causing brown 
rot of apple) and Nectria galligena (causing apple canker).  

 The germ tubes or hyphae of invading fungi grow between the lenticel cells and enter 
the plant tissues. 
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INFECTION AND INVASION 

Infection 
Infection is the process by which pathogens establish contact with susceptible cells or tissues 
of the host and obtain nutrients from the tissues.  

 Successful infection results in the appearance of symptoms, viz., discolouration, 
malformation or necrotization of the affected plant parts. 

 Some infections do not produce symptoms right away, and remain latent but do so at a 
later time when environmental conditions and/or stage of plant become more 
favourable.  

 The time interval between inoculation and the appearance of disease symptoms is 
called incubation period.  

 It varies from few days to years with different pathogens-host combinations, stage of 
host and prevailing environmental conditions.  

 During infection, some pathogens obtain nutrition from the living cells, often without 
killing them or at least not for a long time; others kill the cells and utilize their 
contents as they invade them; and still others kill cells and disorganize the 
surrounding tissues.  

 During infection, pathogens release a number of biologically active substances (e.g., 
enzymes, toxins and growth regulators) that may affect the structural integrity of the 
host cells or their physiological processes.  

 In response, the host reacts with a variety of defence mechanisms.  
 For a successful infection, the host must be susceptible, the pathogen must be virulent 

and the environment must be favourable.  
 When these conditions occurred at an optimum, the pathogen can further invade the 

host plant up to the maximum of its potential even in the presence of plant defenses; 
and in consequence the disease develops.  

Invasion 
Various pathogens invade hosts in different ways and to different extents.  

 Some fungi, such as those causing powdery mildews produce mycelium only on the 
surface of the plants and send haustoria into the epidermal cells.  

 Others such as those causing apple scab and black spot of rose produce mycelium that 
grows only in the area between the cuticle and epidermis showing sub-cuticular 
growth.  

 Most fungi spread into the tissue of the plant organs either by growing directly 
through the cells as intracellular mycelium or by growing between the cells as 
intercellular mycelium.  

 Fungi that cause vascular wilts invade the xylem vessels of the plants. 
 Bacteria invade tissues inter-cellularly, although when parts the cell walls dissolve, 

they also grow intra-cellularly. 
 Bacteria causing vascular wilts and fastidious bacteria (Xylella fastidiosa) invade the 

xylem vessels.  
 Viruses and viroids invade all types of living cells, phytoplasma and protozoa invade 

phloem sieve tubes and a few adjacent phloem parenchymatous cells. 
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 Local infections- Many infections caused by fungi, bacteria, nematodes, viruses and 
parasitic flowering plants are local, i.e., they involve a single cell, a few cells or a 
small area of the plant. They may remain localized throughout the growing season or 
may enlarge slightly or very slowly.  

 Systemic infections- Other infections enlarge more or less rapidly and may involve 
an entire plant organ, a large part of plant or even the entire plant.  

 Infections caused by fastidious bacteria, phytoplasma, protozoa, and natural infections 
caused by viruses and viroids are systemic, i.e., the pathogen from one initial point 
spreads and invades most or all susceptible cells and tissues throughout the plant. For 
example, vascular wilts, some downy mildews, white rust of crucifers, loose smut and 
hill bunt of wheat. 

Growth and reproduction (colonization) of the pathogen 

 After infection, pathogens grow, multiply or both within the plant tissues and invade 
and colonize the plant to a lesser or greater extent.  

 Growth and reproduction of the pathogen (also called colonization) in or on the 
infectious tissues are actually two concurrent sub-stages of disease development.  

 Most of the fungi and parasitic higher plants generally invade and infect the plant 
tissues by growing on or into them.  

 They continue to grow and branch out within the infected host and spread into more 
and more of the plant until, its spread is stopped or the plant is dead.  

 All other pathogens, namely, bacteria, phytoplasmas, viruses, viroids and protozoa do 
not increase in size much if at all, as their size and shape remains relatively 
unchanged throughout their existence. 

 They invade and infect the new tissues within the plants by reproducing at a rapid rate 
and increasing their number tremendously in the infected tissues.  

 Their progeny may then be carried passively into the new cells and tissues through 
plasmodesmata (some viruses, viroids), phloem (viruses, viroids, phytoplasmas, some 
fastidious bacteria, protozoa) or xylem (some bacteria).  

 Alternatively, as happens with bacteria they may move through cells on their own 
power. 

 Plant pathogens reproduce in a variety of ways.  

i) Fungi reproduce by means of spores, either asexually or sexually.  
ii) Parasitic higher plants produce seeds.  
iii) Bacteria and phytoplasma reproduce by fission in which one mature individual splits into 
two equal, smaller individuals.  
iv) Viruses and viroids are replicated inside the host cells. 
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LECTURE 16 

ROLE OF ENZYMES AND TOXINS IN PLANT DISEASE DEVELOPMENT 

ENZYMES 

 Enzymes are generally large protein molecules that catalyze organic reactions in 
living cells and in solutions.  

 Because most kinds of chemical reactions that occur in a cell are enzymatic, there are 
almost as many kinds of enzymes as there are chemical reactions.  

 Each enzyme, being a protein, is coded for by a specific gene.  
 Some enzymes are present in cells at all times (constitutive).  
 Many are produced only when they are needed by the cell in response to internal or 

external gene activators (induced).  
 Each type of enzyme often exists in several forms known as isozymes that carry out 

the same function but may vary from one another in several properties, requirements, 
and mechanism of action. 

Plant Substances and Their Enzymatic Degradation  

 Aerial plant part surfaces consist primarily of cuticle and/or cellulose, whereas root 
cell wall surfaces consist only of cellulose. 

 Cuticle consists of cutin, wax and covering of layer of wax 
 The lower part of cutin contains pectin, cellulose lamellae and a thin layer of pectic 

substances; below that there is a layer of cellulose. 

Cuticular wax 

 Plant waxes are found as granular, blade, or rod-like projections or as continuous 
layers outside or within the cuticle of many aerial plant parts.  

 The presence and condition of waxes at the leaf surface affect the degree of 
colonization of leaves and the effect varies with the plant species. 

 Electron microscope studies suggest that several pathogens, e.g., Puccinia hordei, 
produce enzymes that can degrade waxes. 

 
Cutin 

 Main component of the cuticle.  
 The upper part is admixed with waxes.  
 The lower part is admixed with pectin and cellulose. 
 Cutin is insoluble polyester of 16- and 18-carbon hydroxy fatty acids.  
 Many fungi and a few bacteria produce cutinases and/or nonspecific esterases, i.e., 

enzymes that can degrade cutin.  
 Cutinases break cutin molecules and release monomers (single molecules) as well as 

oligomers (small groups of molecules) of the component fatty acid derivatives from 
the insoluble cutin polymer. 
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Pectic substances 

 Main components of the middle lamella, i.e., the intercellular cement that holds in 
place the cells of plant tissues.  

 Also make up a large portion of the primary cell wall in which they form an 
amorphous gel filling the spaces between the cellulose microfibrils.  

 Are polysaccharides consisting mostly of chains of galacturonan molecules 
interspersed with a much smaller number of rhamnose molecules and small side 
chains of galacturonan, xylan and some other five carbon sugars.  

Degradation of pectic substances 

 Several enzymes degrade pectic substances and are known as pectinases or pectolytic 
enzymes.  

 The pectin methyl esterases remove small branches off the pectin chains.  
 Pectin methyl esterases have no effect on the overall chain length, but they alter the 

solubility of the pectins and affect the rate at which they can be attacked by the chain-
splitting pectinases.  

 Pectinases cleave the pectic chain and release shorter chain portions containing one or 
a few molecules of galacturonan.  

 Some chain splitting pectinases, called polygalacturonases, split the pectic chain by 
adding a molecule of water and breaking (hydrolyzing) the linkage between two 
galacturonan molecules.  

 Others, known as pectin lyases, split the chain by removing a molecule of water from 
the linkage, thereby breaking it and releasing products with an unsaturated double 
bond. 

Cellulose 

 Cellulose - a polysaccharide, but consists of chains of glucose (1–4) ß-d-glucan 
molecules.  

 The glucose is produced by a series of enzymatic reactions carried out by several 
cellulases and other enzymes.  

 One cellulase (C1) attacks native cellulose by cleaving cross-linkages between chains.  
 A second cellulase (C2) also attacks native cellulose and breaks it into shorter chains.  
 These are then attacked by a third group of cellulases (Cx), which degrade them to the 

disaccharide cellobiose.  
 Finally, cellobiose is degraded by the enzyme ß -glucosidase into glucose.  

Cross-linking glycans (hemicelluloses) 

 The enzymatic breakdown of hemicelluloses requires the activity of many enzymes.  
 Several hemicellulases seem to be produced by many plant pathogenic fungi.  
 Depending on the monomer released from the polymer on which they act, the 

particular enzymes are called xylanase, galactanase, glucanase, arabinase, mannase, 
and so on.  

 The non-enzymatic breakdown of hemicelluloses by activated oxygen, hydroxyl, and 
other radicals produced by attacking fungi also occurs.  
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Suberin 

 Suberin is found in certain tissues of various underground organs, such as roots, 
tubers, and stolons, and in periderm layers, such as cork and bark tissues.  

 Suberins are also formed in response to wounding and to pathogen-induced defenses 
of certain organs and cell types.  

 Although plants obviously produce enzymes that synthesize suberin, it is not known 
whether or how pathogens break it down during infection. 

Lignin 

 Found in the middle lamella, as well as in the secondary cell wall of xylem vessels 
and the fibres that strengthen plants.  

 Also found in epidermal and occasionally hypodermal cell walls of some plants.  
 The lignin content of mature woody plants varies from 15 to 38% and is second only 

to cellulose in abundance.  
 Lignin is an amorphous, three-dimensional polymer that is different from both 

carbohydrates and proteins in composition and properties.  
 It is obvious that enormous amounts of lignin are degraded by microorganisms in 

nature, as is evidenced by the yearly decomposition of all annual plants and a large 
portion of perennial plants. 

Cell wall flavonoids 

 Flavonoids are a large class of phenolic compounds that occur in most plant tissues 
and, especially, in the vacuoles.  

 Also occur as mixtures of single and polymeric components in various barks and 
heartwoods. 

 Among the various functions of flavonoids, some act as signaling molecules for 
certain functions in specific plant-microbe combinations. 

Cell wall structural proteins 

 Cell walls consist primarily of polysaccharides, i.e., cellulose fibres embedded in a 
matrix of hemicelluloses and pectin, but structural proteins, in the form of 
glycoproteins, may also form networks in the cell wall.  

 Four classes of structural proteins have been found in cell walls.  
 hydroxyproline-rich glycoproteins (HRGPs)  
 proline-rich proteins (PRPs)  
 glycine-rich proteins (GRPs) 
 arabino-galactan proteins (AGPs) 

Enzymatic degradation of substances contained in plant cells 

 Most kinds of pathogens spend all or part of their lives in association with or inside 
the living protoplast.  

 These pathogens obviously derive nutrients from the protoplast.  



Fundamentals of Plant Pathology 

 

www.Agrimoon.com Page 81 

 The great majority of fungi and bacteria -obtain nutrients from protoplasts after the 
latter have been killed.  

 Some of the nutrients, e.g., sugars and amino acids are sufficiently small molecules to 
be absorbed by the pathogen directly.  

 Some of the other plant cell constituents, however, such as starch, proteins and fats 
can be utilized only after degradation by enzymes secreted by the pathogens. 

Proteins 

 Plant cells contain innumerable different proteins, which play diverse roles as 
catalysts of cellular reactions (enzymes) or as structural material (in membranes and 
cell walls).  

 Proteins are formed by the joining together of numerous molecules of about 20 
different kinds of amino acids.  

 All pathogens seem to be capable of degrading many kinds of protein molecules.  
 The plant pathogenic enzymes involved in protein degradation are similar to those 

present in higher plants and animals and are called proteases or proteinases or, 
occasionally, peptidases. 

Starch 

 Starch is a glucose polymer and exists in two forms:  
 amylose, an essentially linear molecule 
 amylopectin, a highly branched molecule of various chain lengths 
 Most pathogens utilize starch and other reserve polysaccharides in their metabolic 

activities.  
 The degradation of starch is brought about by the action of enzymes called amylases.  
 The end product of starch breakdown is glucose and is used by the pathogens directly. 

Lipids 

 Various types of lipids occur in all plant cells, with the most important being 
phospholipids and glycolipids, both of which, along with proteins, are the main 
constituents of all plant cell membranes.  

 The latter form a hydrophobic barrier that is critical to life by separating cells from 
their surroundings and keeping organelles such as chloroplasts and mitochondria 
intact and separate from the cytoplasm. 

 Oils and fats are found in many cells, especially in seeds where they function as 
energy storage compound.  

 The common characteristic of all lipids is that they contain fatty acids, which may be 
saturated or unsaturated.  

 Several fungi, bacteria, and nematodes are known to be capable of degrading lipids. 
Lipolytic enzymes, called lipases, phospholipases, and so on, hydrolyze the lipid 
molecules with liberation of the fatty acids.  
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Microbial Toxins in Plant Disease 

 Toxins are extremely poisonous substances and are effective in very low 
concentrations.  

 Fungi and bacteria may produce toxins in infected plants as well as in culture 
medium.  

 Toxins injure host cells either by affecting the permeability of the cell membrane or 
by inactivating or inhibiting enzymes and subsequently interrupting the corresponding 
enzymatic reactions.  

 Certain toxins act as antimetabolites and induce a deficiency for an essential growth 
factor. 
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TOXINS 

Non-host specific or non-host selective toxins  

 Several toxic substances produced by phytopathogenic microorganisms have 
been shown to produce all or part of the disease syndrome not only on the 
host plant, but also on other species of plants that are not normally attacked 
by the pathogen in nature. Such toxins, called non-host-specific or non-host-
selective toxins.  

Tabtoxin 

 Tabtoxin is produced by the bacterium Pseudomonas syringae pv. tabaci, 
which causes the wildfire disease of tobacco. 

 Tabtoxin is a dipeptide composed of the common amino acid threonine and 
the previously unknown amino acid tabtoxinine. 

 Tabtoxin as such is not toxic, but in the cell it becomes hydrolyzed and 
releases tabtoxinine, which is the active toxin. 

 Toxin-producing strains cause necrotic spots on leaves, with each spot 
surrounded by a yellow halo.  

 Sterile culture filtrates of the organism, as well as purified toxin, produce 
symptoms identical to those characteristic of wildfire of tobacco not only on 
tobacco, but in a large number of plant species belonging to many different 
families.  

 Strains of P. syringae pv. tabaci sometimes produce mutants that have lost 
the ability to produce the toxin.  

Phaseolotoxin 

 Phaseolotoxin is produced by the bacterium Pseudomonas syringae pv. 
phaseolicola, the cause of halo blight of bean and some other legumes. 

 Phaseolotoxin is a modified ornithine–alanine–arginine tripeptide carrying a 
phosphosulfinyl group. 

 Soon after the tripeptide is secreted by the bacterium into the plant, plant 
enzymes cleave the peptide bonds and release alanine, arginine, and 
phosphosulfinylornithine, which is the biologically functional moiety of 
phaseolotoxin.  

 The localized and systemic chlorotic symptoms produced in infected plants 
are identical to those produced on plants treated with the toxin alone so they 
are apparently the results of the toxin produced by the bacteria. 

 Infected plants and plants treated with purified toxin also show reduced 
growth of newly expanding leaves, disruption of apical dominance, and 
accumulation of the amino acid ornithine. 
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 Phaseolotoxin plays a major role in the virulence of the pathogen by 
interfering with or breaking the disease resistance of the host toward not 
only the halo blight bacterium, but also several other fungal, bacterial, and 
viral pathogens. 

Tentoxin 

 Tentoxin is produced by the fungus Alternaria alternata (previously called 
A. tenuis), which causes spots and chlorosis in plants of many species.  

 Tentoxin is a cyclic tetrapeptide that binds to and inactivates a protein 
(chloroplast-coupling factor) involved in energy transfer into chloroplasts.  

 The toxin also inhibits the light-dependent phosphorylation of ADP to ATP. 
In sensitive species, tentoxin interferes with normal chloroplast development 
and results in chlorosis by disrupting chlorophyll synthesis.  

 An additional but apparently unrelated effect of tentoxin on sensitive plants 
is that it inhibits the activity of polyphenol oxidases, enzymes involved in 
several resistance mechanisms of plants.  

 Both effects of the toxin, namely stressing the host plant with events that 
lead to chlorosis and suppressing host resistance mechanisms, tend to 
enhance the virulence of the pathogen. 

Cercosporin 

 Cercosporin is produced by the fungus Cercospora and by several other 
fungi.  

 It causes damaging leaf spot and blight diseases of many crop plants, such 
as Cercospora leaf spot of zinnia and grey leaf spot of corn.  

 Cercosporin is unique among fungal toxins in that it is activated by light and 
becomes toxic to plants by generating activated species of oxygen, 
particularly single oxygen.  

Other non-host-specific toxins 

 Fumaric acid- produced by Rhizopus spp. in almond hull rot disease 

 Oxalic acid -Sclerotium and Sclerotinia spp. in various plants they infect 
and by Cryphonectria parasitica, the cause of chestnut blight 

 Alternaric acid, alternariol, and zinniol -Alternaria spp. in leaf spot 
diseases of various plants 

 Ceratoulmin- Ophiostoma ulmi in Dutch elm disease 

 Fusicoccin- Fusicoccum amygdali in the twig blight disease of almond and 
peach trees 

 Ophiobolin -several Cochliobolus spp. In diseases of grain crops 

 Pyricularin- Pyricularia grisea in rice blast disease 

 Fusaric acid and lycomarasmin -Fusarium oxysporum in tomato wilt 
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Host-specific or host-selective toxins 

 A host-specific or host-selective toxin is a substance produced by a 
pathogenic microorganism that, at physiological concentrations, is toxic 
only to the hosts of that pathogen and shows little or no toxicity against non-
susceptible plants.  

 Most host-specific toxins must be present for the producing microorganism 
to be able to cause disease. 

 Host-specific toxins have been shown to be produced only by certain fungi 
(Cochliobolus, Alternaria, Periconia, Phyllosticta, Corynespora, and 
Hypoxylon), although certain bacterial polysaccharides from Pseudomonas 
and Xanthomonas have been reported to be host specific.  

Victorin, or HV Toxin 

 Victorin, or HV-toxin is produced by the fungus Cochliobolus 
(Helminthosporium) victoriae, which causes Victoria blight of oats. 

 This fungus appeared in 1945 after the introduction and widespread use of 
the oat variety Victoria and its derivatives, all of which contained the Vb 
gene for resistance to crown rust disease. 

 C. victoriae infects the basal portions of susceptible oat plants and produces 
a toxin that is carried to the leaves, causes a leaf blight, and destroys the 
entire plant.  

 Victorin is a complex chlorinated, partially cyclic pentapeptide.  
 The primary target of the toxin seems to be the cell plasma membrane, 

where victorin seems to bind to several proteins.  
 Victorin also functions as an elicitor that induces components of a resistance 

response that include many of the features of hypersensitive response and 
lead to programmed cell death. 

T Toxin [HMT Toxin] 

 T toxin is produced by race T of Cochliobolus heterostrophus (anamorph: 
Bipolaris maydis, earlier called Helminthosporium maydis), the cause of 
southern corn leaf blight.  

 First appeared in the United States in 1968, it spread throughout the corn 
belt by 1970, attacking only corn that had the Texas male-sterile (Tms) 
cytoplasm.  

 The ability of C. heterostrophus race T to produce T toxin and its virulence 
to corn with Tms cytoplasm are controlled by one and the same gene.  

 T toxin does not seem to be necessary for the pathogenicity of C. 
heterostrophus race T, but it increases the virulence of the pathogen.  

 The T toxin apparently acts specifically on mitochondria of susceptible 
cells, which are rendered nonfunctional, and inhibits ATP synthesis.  
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HC Toxin 

 Race 1 of Cochliobolus carbonum (anamorph:Bipolaris(Helminthosporium) 
zeicola) causes northern leaf spot and ear rot disease in maize.  

 It also produces the host-specific HC toxin, which is toxic only on specific 
maize lines. 

 The mechanism of action of HC toxin is not known, but this is the only 
toxin, so far, for which the biochemical and molecular genetic basis of 
resistance against the toxin is understood.  

 Resistant corn lines have a gene (Hm1) coding for an enzyme called HC 
toxin reductase that reduces and thereby detoxifies the toxin.  

 Susceptible corn lines lack this gene and, therefore, cannot defend 
themselves against the toxin.  

Alternaria alternata Toxins 

 Several pathotypes of Alternaria alternata attack different host plants and on 
each they produce one of several multiple forms of related compounds that 
are toxic only on the particular host plant of each pathotype.  

 Some of the toxins and the hosts on which they are produced and affect  
 AK toxin causing black spot on Japanese peat fruit,  
 AAL toxin causing stem canker on tomato,  
 AF toxin on strawberry,  
 AM toxin on apple,  
 ACT toxin on tangerine,  
 ACL toxin on rough lemon, the HS toxin on sugar cane.  
 As an example of A. alternata toxins, the AM toxin is produced by the apple 

pathotype of A. alternata, known previously as A. mali, the cause of 
Alternaria leaf blotch of apple. 
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LECTURE 17 

HOST PARASITE INTERACTION 

HOST PLANT INTERACTIONS 

 After the pathogen enters the host until the disease symptoms appear, a series of 
interactions between host and pathogen take place.  

 The disease symptoms may be considered as the signs of reaction of the host to 
infection by the pathogen.  

 The severity of the symptoms varies depending upon the capacities of each of them to 
supersede the other.  

 In that process, which may last for a few hours to many days, different biochemical 
reactions become involved. 

 The establishment of the pathogen or colonization of the host by the pathogen after its 
entry initiates the symptoms.  

 The hypersensitive reaction of the host is a mechanism to prevent such colonization 
by the pathogen.  

 Many pathogens which cause disease in plants are highly specific in their nutritional 
requirements. 

 They must reach the proper site inside the host tissue to obtain the required nutrients.  
 The chances of a pathogen establishing itself in a host depend on:  
 its entering the suitable host  
 its reaching the proper location within the host tissue so that the required nutrients are 

obtainable  
 A vascular pathogen may not establish itself inside a host if it is confined to sub-

stomatal region.  
 Similarly, wood rotting basidiomycetous fungus may not find food for its growth if it 

enters the leaf tissues.  
 Tissue preference of parasites has been, for a long time, attributed to specific nutrients 

present in that particular tissue.  
 Recent evidence indicates that tissue preference is solely influenced by inhibitory 

substances (prohibitins) present in the tissue. 

Post Entry Stages 

 The subsequent stages, after the pathogen has entered a susceptible host which is pre-
disposed to the disease, are of two kinds:  

 The pathogen may kill the host tissue in advance, drawing nutrients from the dead 
cells. 

 The pathogen and host may develop an harmonious relationship or association in 
which neither is killed. The pathogen absorbs nutrients from the living host cells.  

 Another biological relationship which exists is nature in the case of root nodule 
bacteria and legume plants is symbiosis, whereby two biological systems derive 
benefit from each other.  

Effects of pathogens on photosynthesis  

 The pathogen directly affects the photosynthetic capacity of the host.  
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 In many cases the pathogen causes chlorosis of the tissues, indicating through 
inhibition of certain enzyme activities.  

 The Hill reaction, in which water is split into oxygen and hydrogen atoms, which in 
turn, is coupled with the production of adenosine triphosphate (ATP) through 
photosynthetic phosphorylation is adversely affected.  

 Apparently the enzymes of CO2 fixation in photosynthesis are not affected, but the 
glycolic acid oxidases are affected, resulting in a reduction in protein synthesis.  

 Because of the reduction in photosynthetic activity, other chain reactions in the plant 
result, causing increased water loss, wilting and reduction of plant vigour.  

Effects of pathogens on respiration 

 In general, plants infected by most pathogens react with an immediate increase in the 
respiratory rate.  

 This increase is mostly non-specific, as even mechanical injuries to certain tissues 
also cause it.  

 In incompatible and destructive host-pathogen relationships, the respiratory rate is 
high in the early stages of infection, whereas in compatible host-pathogen 
relationship, as in obligate parasitism, there is little change in the respiratory rate.  

 In the destructive host-pathogen relationship, the pathogen destroys the normal 
physiological balance, the Pasteur effect, (which implies that in the presence of 
oxygen the fermentative degradation of carbohydrates is reduced and the energy 
release is more) is abolished, and hence, the respiratory efficiency is also reduced.  

Effect of pathogens on Embden-Meyerhof-Parnas pathway  

 There is an accumulation of carbohydrates, mostly starch, in the infected tissues, 
coupled with a shift from the Embden-Meyerhof-Parnas pathway to the pentose-
phosphate cycle which causes the accumulation of reduced nicotinamide adenine 
dinucleotide phosphate (NADPH2).  

 The pathogen causes tissue disintegration of the host, which is accomplished by the 
activity of several oxidative enzymes such as peroxidase, phenol oxidase and ascorbic 
acid oxidase, linked up with the oxidation of NADPH2 to NADP.  

 The hypersensitive reaction in a plant that results in necrosis also causes a shift in the 
respiratory pathway from the Embden- Meyerhof-Parnas to the pentose phosphate 
system.  

 There is also an increase in the oxidative enzyme activity to cause an enhancement of 
oxygen uptake. If certain oxidative enzyme inhibitors are produced in the host-
pathogen system, the resistance of the host plant is reduced, and in the absence of 
oxidative enzyme inhibitors, the resistance of the host is increased.  

Pathogenesis related proteins 

 Infection by pathogens also interferes with the host nucleic acid and protein 
metabolism, especially enzymes.  

 Most conspicuous changes are in peroxidase, ascorbic acid oxidase, cytochrome 
oxidase, phenol oxidase, etc.  

 In addition, several proteins accumulate which were first called pathogenesis related 
proteins and are now referred to as stress proteins as they accumulate in response to 
physical and biological stresses.  
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 Both in virus infected tissues and galls, nucleic acids especially RNA accumulate.  
 Hypertrophy of host cells, accompanied by increases in the size of nuclei has been 

demonstrated.  
 There is redirection of protein synthesis towards accumulation of proteins of the 

pathogen, or a reduction in the protein and nitrogen level of the host, especially 
towards the degenerative stages of disease.  

 The synthesis of virus protein markedly affects the host protein metabolism. In 
hypersensitive reaction, however there is no great change in the total protein content 
or nitrogen level in the affected tissues. 

Phytoalexins 

 The phenol metabolism of infected plants is profoundly altered.  
 In incompatible host-pathogen combinations, there is more rapid accumulation of 

phenolic substances than in compatible combination.  
 Certain phenolics and other aromatic substances with antimicrobial properties, named 

phytoalexins, are produced post-infectionally in host tissues, and this is believed to be 
a response to infection directed towards imparting resistance in the host.  

 This response is greater in incompatible host-pathogen combination than in the 
compatible one.  

 Production of phytoalexins may also be induced in the host in non-pathological 
conditions, such as physical stress and chemical stimuli.  

 The production of leaf spots, necrosis and other types of lesions on the host are 
correlated with enhanced phenol oxidase activity. Oxidation of phenolic substances 
causes the accumulation of melanin pigments in the infection site, resulting in 
discoloration.  

Growth regulators 

 Due to pathological condition of the plant, the growth regulatory mechanism is upset 
and depends largely on the nature of host –plant relationship.  

 Auxin level often increases in the host tissue as a result of infection by fungi and 
bacteria.  

 This may be due to increased auxin synthesis by the host and /or pathogen, or the 
suppression of activity of enzymes indole acetic acid oxidase which degrades the 
auxins under normal conditions.  

 Gibberellins or gibberellin-like substances have been found in many plants and are 
also produced by a few fungi.  

 The auxin activity in meristematic tissues of plants is believed to be controlled by 
gibberellins.  

 Infection of plants with some pathogens alters the level of gibberellin-like substances 
which result in the hyper-elongation of the plant.  

 One such typical example is the Bakane disease of rice plants caused by Fusarium 
moniliforme (teleomorph: Gibberella fujikuroi).  

 Dwarfism or stunting in some host-pathogen interactions is caused by a reduction in 
the gibberellins.  

 Kinetin (cytokinin), 6-furfuryl aminopurine, an essential hormone, is involved in cell 
division in plant tissues.  

 IAA and cytokinin act in a linked manner, the former responsible for cell expansion 
and the latter for cell division.  
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 In the absence of IAA, however, kinetin seems to be functionless. 
 From plants and microorganisms, cytokinin has been isolated and characterized.  
 It is a precursor of tRNA. Certain plant pathogens interfere with normal cytokinin 

metabolism in plants causing gall formation, senescence, fasciations, yellowing of 
leaves, green island formation, etc. which could be reversed by the exogenous 
application of kinetin.  

 Ethylene, another well known growth regulator in plants plays a prominent role in 
causing epinasty, leaf yellowing and senescence in diseased plants. 

 Many plant pathogens favour accumulation of high levels of ethylene in host tissues 
which contribute to symptom development like leaf drop, e.g., due to Diplocarpon 
rosae, the black spot of rose pathogen.  
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LECTURE 18 

VARIABILITY IN PLANT PATHOGENS 

INTRODUCTION 

Variability means the quality of being subject to variation or quality of being uneven or 
lacking uniformity. In plant pathogens, the variation takes place due to genetic variability. 
Genetic variability is the measure of the tendency of individual genotype in a population to 
vary from other or having more than one genetic state or allele at each locus.  

 Variation is usually associated with sexual reproduction by fungal oospores, 
zygospores,  

 a variant can be defined as an individual among a certain population that have 
deviated from the normal individuals genetically and possesses certain different 
characters which are not generally associated with that particular population 
previously. 

Mechanisms of variability in plant pathogens 

 General mechanisms of variability are: 

- mutation, recombination, gene and genotype flow, genetic drift and selection, out-crossing 
etc. 

 Specialized mechanisms of variabilityare: 

- heterokaryosis, parasexuality, saltation etc. in fungi 

- conjugation, transformation and transduction in bacteria  

- recombination in viruses 
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GENERAL AND SPECIALIZED MECHANISMS OF VARIABILITY IN 
FUNGI 

1. General mechanisms of variability in fungi 
Mutation is more or less an abrupt change in genetic material of an organism or a virus, 
which is then transmitted in a hereditary fashion to the progeny.  

 Mutations in nature are less frequent and are result of infrequent changes that take 
place during cell division and result in irregularities in replication or rearrangement of 
minute parts of genetic material of the cells.  

 Mutation can be induced artificially with increased frequency by physical agents like 
ultra violet rays, X-rays, gamma-rays or by chemicals like alkaloids, phenols etc.  

 Most mutations are recessive; therefore in diploid organisms mutation remains 
unexpressed until they are brought together in a homozygous condition.  

 Although frequency of mutation is low, but given the great number of progeny 
produced by pathogen, it is possible that large number of mutants differ in virulence 
from their parents.  

 Mutation has been reported in Cladosporium fulvum causing tomato leaf mould, 
Phytophthora infestans, Puccinia graminis and Melampsora lini, apart from the 
appearance of highly destructive race T of Heliminthosporium maydis. 

Recombination occurs primarily during the sexual reproduction of plants, fungi, and 
nematodes whenever two haploid nuclei containing genetic material that may differ in many 
loci unite to form a diploid nucleus called a zygote.  

 Recombination can be intraspecific, interspecific or even intergeneric; and the resulting 
hybrids may have different pathogenic abilities from the parental races.  

 Often the hybrids are intermediate in pathogenicity between the two parental races, but 
some may be more pathogenic than others; and similar considerations apply to other 
inherited characteristics.  

 Recombination of genes occurs in autoecious rusts, such as Melampsora lini. Similarly, 
evolution of new physiological races through meiotic recombination is common in 
many pathogenic fungi, rusts, smuts, powdery mildews apart from potato blight fungus. 

Gene flow is a process by which certain alleles move from one population to another 
geographically separate population.  

 Population genetics, genetic drift and selection also bring about variability in the plant 
pathogens.  

 Mating system is considered in terms of the amount of inbreeding that occurs in a 
population of sexual organism. Many smut fungi are forced to inbreed because a 
dikaryon must form for a successful infection and likely encounters are between the 
basidiospores arising from same psuedobasidia of the strains in the soil. 

 Outcrossing of individuals put together new combination of genes rapidly leading to 
many different genotype within population. 

2. Specialized mechanism of variability in fungal pathogens 
Heterokaryosis is occurrence of dissimilar or genetically different nuclei in a vegetative cell 
or spore or hypha as in basidiomycetes.  
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 It provides haploid organisms the ability or somatic flexibility with changing 
environment. 

 It increases diversity as genetic recombination is brought about by interchanges 
of whole chromosome or through mitotic crossing-over.  

 It plays an important role in homothallic and imperfect fungi.  
 Heterokaryosis can arise by 

a) gene mutation 
b) fusion of vegetative mycelium 
c) at the time of spore formation in many fungi such as Neurospora tetrasperma, Podospora 
sp. 

 Heterokaryosis is certainly a way in which avirulent strains may acquire 
virulence, for example in Thanatephorus cucumeris. 

 Parasexuality is a process in which genetic recombination occurs in the 
vegetative thallus in absence of sexual stage.  

 Sequence of events in parasexuality is as follows: 

i) formation of dikaryotic mycelium 
ii) fusion between two nuclei 
iii) multiplication of diploid nuclei side by side the haploid nuclei 
iv) occasional mitotic crossing over during the multiplication of diploid nuclei 
v) sorting out of diploid nuclei 
vi) occasional haploidization of the diploid nuclei 
vii) sorting out of the new haploid strain.  

 Parasexuality has produced new races of Fusarium oxysporum f. sp. pisi, 
Ascochyta, Verticillium albo-atrum etc.  

 Saltation is appearance of morphologically different sectors in fungal colonies.  
 It occurs frequently in fungal colonies of some isolates of Fusarium and 

Helminthosporium.  
 Saltation may be influenced by compaction and thickness of culture media. 
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OTHER MECHANISMS 

3. Sexual-like processes in bacteria 
New biotypes of bacteria seem to arise with varying frequency by means of at least three 
sexual-like processes.  
i) In conjugation, two compatible bacteria come in contact with each another and a small 
portion of the chromosome or plasmid from one bacterium is transferred to the other through 
a conjugation bridge or pilus.  
ii) In transformation, bacterial cells are transformed genetically by absorbing and 
incorporating in their own cells genetic material secreted by or released during rupture of 
other bacteria.  
iii) In transduction, a bacterial virus (phage) transfers genetic material from the bacterium in 
which the phage was produced to the bacterium it infects next.  

 When the gene transfer is limited to members of the same species or even 
genus, it is called vertical gene transfer. Sometimes, gram-negative bacteria can 
transmit genetic material readily across species; as Agrobacterium transmits 
genes across kingdom barriers to plants, such events are called horizontal gene 
transfer. 

4. Genetic recombination in viruses 

 When two strains of the same virus are inoculated into the same host plant, one or 
more new virus strains are recovered with properties (virulence, symptomatology, and 
so on) different from those of either of the original strains introduced into the host. 

 The new strains probably are recombinants, although their appearance through 
mutation, not hybridization, can not always be ruled out.  

 In multipartite viruses consisting of two, three, or more nucleic acid components, new 
virus strains may also arise in host plants or vectors from recombination of the 
appropriate components of two or more strains of such viruses. 

5. Loss of pathogen virulence in culture 

 The virulence of pathogenic microorganisms toward one or all of their hosts often 
decreases when the pathogens are kept in culture for relatively long periods of time or 
when they are passed one or more times through different hosts.  

 If the culturing of the pathogen is prolonged sufficiently, the pathogen may lose 
virulence completely. Such partial or complete loss of virulence in pathogens is 
sometimes called attenuation, and it has been shown to occur in bacteria, fungi and 
viruses.  

 Loss of virulence in culture, or in other hosts, seems to be the result of selection of 
individuals of less virulent or avirulent pathogen strains that happen to be capable of 
growing and multiplying in culture, or in the other host, much more rapidly than 
virulent ones.  

 After several transfers in culture or the other hosts, such attenuated individuals 
largely, or totally, overtake and replace the virulent ones in the total population so that 
the pathogen is less virulent or totally avirulent.  

 On reinoculation of the proper host, isolates in which the virulent individuals have 
been totally replaced by avirulent ones continue to be avirulent, and therefore loss of 
pathogenicity is irreversible.  
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 However, on reinoculation of the proper host with isolates in which at least some 
virulent individuals survived through the transfers in culture or the other host, the few 
surviving virulent individuals infect the host and multiply, often in proportion to their 
virulence.  

 The virulent individuals increase in number with each subsequent inoculation; while 
at the same time, non-virulent individuals are reduced or eliminated with each 
reinoculation. 

Stages of variation in pathogens  

 Species: The entire population of a particular organism on the earth, e.g. a fungal 
pathogen, has certain morphological and other phenotypic characteristics in common 
and makes up the species of pathogen, such as Puccinia graminis, the cause of stem 
rust of cereals.  

 Varieties or special forms: Some individuals of this species, however, attack only 
wheat, barley, or oats, and these individuals make up groups that are called varieties 
or special forms (forma specialis) such as P. graminis f. sp. tritici or P. graminis tritici, 
P. graminis hordei, and P. graminis avenae.  

 Race: Even within each variety or special form, some individuals attack some of the 
varieties of the host plant but not the others, some attack another set of host plant 
varieties, and so on with each group of such individuals making up a race. Thus, there 
are more than 200 races of P. graminis tritici (race 1, race 15, race 59 and so on).  

 Variant: Occasionally, one of the off-spring of a race can suddenly attack a new 
variety or can cause severe symptoms on a variety that it could barely infect before. 
This individual is called a variant.  

 Biotype: The identical individuals produced asexually by the variant make up a 
biotype. Each race consists of one or several biotypes (race 15A, 15B and so on). 

 
Appearance of new pathogen biotypes 

 The appearance of new pathogen biotypes may be very dramatic when the change 
involves the host range of the pathogen.  

 If the variant has lost the ability to infect a plant variety that is widely cultivated, this 
pathogen simply loses its ability to procure a livelihood for itself and will die without 
even making its existence known to us.  

 If, however, the change in the variant pathogen enables it to infect a plant variety 
cultivated because of its resistance to the parental race or strain, the variant individual, 
being the only one that can survive on this plant variety, grows and multiplies on the 
new variety without any competition and soon produces large populations that spread 
and destroy the resistance variety. 

 This is the way the resistance of plant variety is said to be broken down although it 
was the change in the pathogen, not the host plant that brought it about. 
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LECTURE 19 

DISEASE RESISTANCE AND DEFENSE MECHANISMS IN PLANTS 

DISEASE RESISTANCE 

Disease resistance 

 Resistance is the ability of a host plant to resist the growth or establishment of a 
pathogen. 

 Many plant pathogenic microorganisms are specific to certain host plants.  
 The plant species and cultivars vary widely in their capacity to resist the 

establishment of a pathogen.  
 When a pathogen enters the host, it must overcome several barriers before 

establishing itself. 
 Sometimes the host reacts to the entrance of the pathogen or alters growth of the 

pathogen and thus effectively checks the establishment of the disease.  
 There is great variation in the degree of resistance of a plant to a given parasite.  
 This is influenced by various factors, involving the host, parasite and environment.  

Disease escape: When the plant, though genetically susceptible to the pathogen, may show 
resistance in the field; such a condition is termed as disease escape.  

 It happens when the optimum conditions are not present for the disease development 
on the crop variety, or the crop may not be in the proper stage of growth when the 
pathogen is most active. 

 The host plant may be susceptible to the pathogen when it is young and develop 
resistance at maturity or vice-versa.  

Disease endurance: In some cases, the plant is capable of carrying on most of the normal 
metabolic processes in spite of the diseased condition without reducing the yield to a 
considerable extent. It is known as disease endurance or disease tolerance.  
 
Hypersensitive reaction or hypersensitivity: In hypersensitivity, when the pathogen enters 
the host, the cells in the immediate vicinity react in such a manner as to delimit the spread of 
the pathogen through death reaction of the cell, or by forming other barriers.  

 The symptoms of such reactions in the host appear as minute specks, which the 
indicative of high resistance in the plant.  

 The plant may be called resistant to the disease, if it shows hypersensitive reaction to 
infection by the pathogen. 

Types of resistance 
Resistance to diseases is also a genetically controlled character. Plants possess two 
different types of resistance: 

 Monogenic- It is controlled by specific single gene. This type possesses high resistance 
to a given strain or race of the pathogen but it susceptible to other races. 
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 Polygenic- It is controlled by many genes and is not so high but at the same time does 
not easily breakdown due to the evolution of new races. This is also referred to as 
durable resistance.  

Vertical vs. horizontal resistance 

 The concept of vertical and horizontal resistance was suggested by Vander Plank in 
1968. 

 Resistance is vertical (differential) when it is completely effective against some races 
of a pathogen but not against the others.  

 Vertical resistance is complete but is not permanent.  
 Horizontal resistance is effective against all races of a pathogen.  
 Horizontal resistance, though incomplete, is of permanent nature. 

Conceptual explanation of different terminologies used to explain vertical and 
horizontal resistance by research workers are illustrated hereunder: 
Gene for gene hypothesis 

 It was first proposed by Flor (1942, 1945) as the simplest explanation of the result of 
studies of the inheritance of resistance and pathogenicity flax-rust host-pathogen 
system, and now applies to most of the combinations. 

 According to this hypothesis, ―for a resistance gene in the host there is a 
complementary avirulence gene in the pathogen.‖ 

 The coexistence of host plant and pathogen side by side in nature indicate that they 
have co-evolved; and changes in virulence of pathogen have been continuously 
governed by the changes in host or vice versa.  

 This concept has been shown to operate in many other diseases like rusts, smuts, apple 
scab, late blight of potato and many other fungal , bacterial , virus and higher parasitic 
plant diseases.  

 Generally, but not always in the host, gene for resistance is dominant (R) and gene for 
susceptibility is recessive (r).  

 In pathogen, however, gene for avirulence that have inability to infect is dominant (A) 
and for virulence it is recessive (a).  

 Thus plant variety when carrying gene for resistance (R) for certain pathogen and other 
lacking gene (R) i.e. carrying gene for susceptibility (r) are inoculated with two races 
of pathogen, one of which carries a gene for avirulence (A) and other carrying the gene 
for virulence (a) against (R); it gives a 4 gene combinations as below:  

(-) denotes incompatible (resistant reaction); (+) denotes (compatible) susceptible reaction  

 Out of the four combinations as above; only AR interaction is resistant or incompatible 
i.e. host has certain gene for resistance(R) that recognizes the corresponding genes for 
avirulence (A), so there is incompatibility. 

 In Ar combination, infection results because host lacks the gene for resistance so 
pathogen can attack with other gene for virulence. 

 In aR combination, infection occurs, although the host has gene for resistance but the 
pathogen lacks the gene for avirulence (A) which is recognized by specific gene for 
resistance; hence no defence mechanism is activated. 

 Finally in ar gene combination, as plant lacks the gene for resistance and have gene for 
susceptibility (r) and pathogen have the gene for virulence (a), it results in infection. 
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Genetics of resistance 

 Gene for resistance appear and accumulate first in host through evolution and they 
coexist with non-specific genes for pathogenicity that exist in pathogen.  

 Genes for pathogenicity exist in pathogen against all host plants that lack specific 
resistance.  

 When a specific gene for resistance appears in the host or bred into the host, the gene 
enables the host to recognize the product of the particular gene for virulence in 
pathogens, the pathogen gene is then thought of as the virulence gene (avrA) of 
pathogen that correspond to plant resistance gene (R).  

 The change in the function of the pathogenic gene is because of subsequent recognition 
of avrA product i.e. elicitor molecule by the receptor coded by R gene which triggers 
the hypersensitive response reaction in the plant that keeps the plant resistant. 

Breakdown of resistance 

 A new gene for virulence that attacks existing gene for resistance appears by mutation 
of an existing avr gene which then avoids gene for gene recognition and the resistance 
breaks down.  

 Plant breeders introduce another gene for resistance (R) in plant which recognizes the 
protein of new gene for virulence of pathogen and extend the resistance of host beyond 
the range of new gene for virulence in pathogen.  

 This produces a variety that is resistant to all races that have an avirulence gene 
corresponding to specific gene for resistance until another gene for virulence appears in 
pathogen.  
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DEFENCE MECHANISMS IN PLANTS 

Defence mechanisms in plants 

 Resistance to infection has been attributed to morphological and structural feature of 
plants. 

 Evidences, however, are very much against their participation in resistance. 
 The essential character of resistance is a result of physiological activity of plants and 

the resistance is displayed through substance called prohibitins. 
 Prohibitins - inhibit and also inactivate extra-cellular enzymes and toxin of parasites, 

and prevent their spread.  
 Most of the prohibitins are phenolic in nature; they react with enzymes and inactivate 

toxins by forming complexes. 
 Examples are: allicin produced in garlic, catechol and protocatechuic acid in onions, 

chlorogenic acid and caffeic acid in coffee, mangiferin in mango, and phloretin in 
apple.  

 Phytoalexins 
 During infection, most plants synthesize toxic substances which form the basis of 

phytoalexin theory.  
 Phytoalexins are ―low molecular weight substances produced by plants relatively 

rapidly and in high concentration in response to infection by pathogens, and physico-
chemical stress which are active in a wide range of pH, temperature and nutrient 
conditions; and confer protection against the infecting parasites.  

 Ipomeamarone produced in sweet potato, rishitin in tomato, phaseollin in beans and 
pisatin in peas are some examples of such compounds.  

 They are confined to the tissue colonized by the pathogen.  
 The speed with which phytoalexins are produced depends upon the degree of 

resistance in the host.  
 The sensitivity or capacity of the host to produce phytoalexins is governed by genetic 

factors; and a gene-for gene relationship in host parasite reactions appears to be 
present.  

Structural defence 

 A few host plants produce structures in response to infection which prevent the spread 
of the pathogen. 

 These structures are cork layers, tyloses and abscission layers.  
 Deposition of gums, resins, polymers of tannins and melanin, swelling of cell walls 

and their sheathing in columns are other defense reactions.  
 Cork layers are produced by potato tubers infected by Rhizoctonia solani, which 

prevent the spread of toxic substances, produced by the pathogen and effectively 
check the flow of nutrients and water from the healthy to the infected area.  

 Tyloses formation has been noted in tomato and sweet potato plants against wilt 
pathogens.  

 Formation of abscission layer is a wide spread response of plants infected by fungi, 
bacteria or viruses.  

 Gum deposits impregnated with toxic substances along the borders of lesions 
frequently check the advance of parasites; a typical example being the resistance of 
rice to blast pathogen Pyricularia oryzae.  
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 Sheathing of infecting hyphae by extension of the cell walls has been observed in a 
few instances. The sheath consists of cellulose, callose substances and lignin. 
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LECTURE 20 

DISSEMINATION OF PLANT PATHOGENS 

METHODS OF DISSEMINATION 

Dissemination is the spread of plant pathogens within the general area in which it is 
established is termed as their dissemination or dispersal or transmission.  
 
Methods of dissemination 

 Different methods of dissemination of the plant pathogens with in a crop season as 
well as to the next season after its survival are: 

i) Direct methods  

ii) Indirect methods.  

 In direct transmission, the dispersal takes place along with the seeds and vegetative 
plant parts used for propagation.  

 Indirect transmission may be active/autonomous or brought about passively by 
different agencies like wind, water, animals or human beings. 

Direct transmission 
It is further divided into:  

 Adherent transmission  
 Germinative transmission 
 Vegetative transmission 

 In adherent type, the pathogen propagules are carried over the surfaces of seed or other 
propagative materials. Bunt of wheat caused by Tilletia foetida and T. caries is carried 
through the seed externally. Similarly, spores of Synchytrium endobioticum which 
causes potato wart and Rhizoctonia solani (the black scurf pathogen) sclerotia are 
adherent to potato tubers used as seeds. 

 In germinative type, the plant pathogens are carried through the seed or other 
propagules internally as in case of loose smut of wheat and barley. Similarly, bean 
mosaic is transmitted through pollen grains and is carried in the seeds.  

 In vegetative transmission, a large number of fungal, bacterial, viral and phytoplasmal 
plant pathogens are carried in the vegetative plant parts used as seeds such as tubers, 
cuttings, runners, grafts etc.  

 For example, ring rot of potato caused by Clavibacter sepidonicum and Ralstonia 
solanacearum causing brown rot is carried through infected potato tubers to new ones.  

 Similarly, dormant mycelium of Phytophthora infestans is carried through potato 
tubers. A large number of viruses, e.g., potato virus X, potato virus Y, citrus tristeza 
and apple mosaic virus, etc. are transmitted through their propagative parts apart from 
red rot and whip tail of sugarcane. 

 



Fundamentals of Plant Pathology 

 

www.Agrimoon.com Page 102 

INDIRECT TRANSMISSION 

Indirect transmission 
It can be:  
a. Autonomous/Active transmission  
b. Wind dispersal of pathogens (Anemochory) 
c. Water dispersal of pathogens (Hydrochory) 
d. Animal dispersal (Zoochory) 
e. Insect dispersal (Entomochory) 
f. Human dispersal (Anthropochory) 
 
Autonomous transmission 

 By this method, the plant pathogens are spread to short distances.  
 It takes place by active growth of the hyphae or hyphal strands.  
 It is characteristic of wood rotting fungi like Arnillariella, Fomes, Ganoderma, etc. 

which migrate independently through the soil from plant to plant or even from field to 
field by active growth of their strands.  

 Zoospores of Phytophthora and Pythium can swim through the water film in soil 
although to limited distances, likewise nematodes. 

 Spores of some fungi are expelled forcibly from the sporophores or sporocarps by 
puffing action.  

 The seeds of some parasitic plants are also expelled forcibly and may reach over 
distances of several meters. 

Dissemination by wind/air 

 Many fungal spores and seeds of most parasitic plants are disseminated by wind or air 
currents that carry them as particles to various distances.  

 Air current pickup spores and seeds of sporophores and carry them upward or 
horizontally.  

 While air borne some of the spores may reach the wet surfaces and get trapped; and 
when air movement stops or it rains the rest of the spores land or may be brought 
down by rain drops on to the susceptible host surfaces.  

 The spores of many fungi are too delicate to survive a long trip through air and are, 
therefore, successfully disseminated to a few hundred to a few thousand meters only.  

 The spores of other fungi, particularly those of cereal rusts are very hardy and can be 
successfully transported over distances of several kilometers for causing widespread 
epidemics.  

 Bacteria and nematodes present in the soil may be blown away along with soil 
particles on the dust storm.  

 Wind also helps in the dissemination of bacteria, fungal spores and nematodes by 
blowing away rain splash droplets carrying them and wind also carries away insects 
that may contain or smeared with viruses, bacteria or fungal spores. 

 
Disseminations by water 

 Water is an important agency for disseminating pathogens in three ways:  
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 Bacteria, nematodes and spores, sclerotia and mycelial fragments of fungi present in 
soil are disseminated by rain or irrigation water that moves on the surface or through 
the soil. 

 All bacteria and spores of many fungi are exuded in a sticky liquid and depend for the 
dissemination on rain or over-head irrigation water which either washes them 
downward or splashes them in all directions. 

 Rain drops or drops from over-head irrigation pickup the fungal spores and any 
bacterial propagules from the air and wash them downward where some of them may 
land on susceptible plants. 

Dissemination by insects 

 Insects, particularly aphids and leaf hoppers are by far the most important vectors of 
viruses, phytoplasmas and fastidious bacteria.  

 Each one of these pathogens is transmitted internally by only one or a few species by 
insects during feeding and movements of insect vectors from plant to plant.  

 More than 50 species of aphids are known to transmit the viruses of plants. Some can 
transmit only a few kinds or other transmits many.  

 Myzus persicae, the green peach aphid alone is the vector of fifty different viruses. 
Some of the diseases transmitted by aphids are Katte or Marble disease of cardamom, 
bunchy top of banana, cowpea mosaic, papaya mosaic, potato leaf roll.  

 Most of the yellows and witches‘ broom type of diseases are transmitted by leaf 
hoppers including rice tungro. 

 Other insects like white flies transmit some important diseases like leaf curl of cotton, 
tobacco etc. Bottle gourd mosaic is transmitted by red pumpkin beetle.  

 Thrips transmit the spotted wilt virus; whereas squash mosaic, cowpea mosaic and 
turnip yellow mosaic viruses are transmitted by beetles while the turnip yellow 
mosaic virus (TYMV) is also transmitted by grass hoppers and ear wigs.  

 In general, the viruses that require no incubation period in the insect vectors are called 
non persistent or stylet borne viruses; and those which enter into the system of the 
insects and require incubation period are called persistent or circulative viruses. 

 Insects are also important in the dissemination of certain bacterial and fungal plant 
pathogens. Erwinia tracheiphila, the cucurbit wilt organism in completely dependent 
on cucumber beetle for its spread. Xanthomonas stewartii, the corn wilt pathogen 
overwinters inside the corn flea beetle. Insects are also important agent of 
dissemination and inoculation of Erwinia carotovora causing black leg of potato. 
Erwinia amylovora causing fire blight of pear and apple is known to be transmitted by 
ants, whereas Xanthomonas citri causing citrus canker is carried by leaf mite from 
diseased to healthy plants. The conidia of Claviceps are spread from malformed to 
healthy flowers by insects feeding on honey dew. The spores of Ceratocystis 
fagacearum (oak wilt) and Ceratocystis ulmi (Dutch elm disease) are carried by 
beetles. 

Dissemination by Nematodes 

 About 20 viruses are known to be transmitted by the members of 4 genera of soil 
borne ectoparasitic nematodes, viz., Longidorus, Xiphinema, Trichodorus and 
Paratrichodorus. Longidorus and Xiphinema spp. transmit polyhedral-shaped viruses 
(NEPO) such as tobacco and tomato ring spots, cherry roll, grape vine fan leaf and 
others. Xiphinema index transmits fan leaf disease of grapevine. Whereas, 
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Trichodorus and Paratrichodorus spp. transmit tubular (NETU) viruses like and 
tobacco rattle and pea early browning. 

 Some fungal and bacterial plant pathogens are also transmitted by nematodes, e.g., 
Corynebacterium fasciens causing leaf gall disease is transmitted by ectoparasitic 
nematodes Aphelenchoides. Anguinia tritici is believed to transmit fungal pathogen 
Dilophospora alopecuri causing leaf spotting and twist of grains and cereals.  

Dissemination by mites  

 Mites transmit both stylet-borne and circulative viruses, e.g., wheat streak mosaic 
virus, peach mosaic virus, sterility disease of pigeon pea.  

Dissemination by animals 

 Almost all animals small and large that move among plants and touch them along the 
way can disseminate pathogens such as fungal spores, bacteria, seeds of parasitic 
plants, nematodes and some viruses and viroids. 

 Most of these pathogens adhere to the feet or the body of the animals, but some may 
be carried in contaminated mouth parts.  

Dissemination by fungi and dodder 

 Some plant pathogens, like the zoospores of some fungi (e.g. Olpidium brassicae) and 
certain parasitic plants (e.g. dodder) can transmit viruses as they move from one plant 
to the others (zoospores) or they grow and form a bridge between two plants.  

 Olpidium brassicae can transmit lettuce big vein virus, tobacco necrosis and tobacco 
stunt viruses. 

 Synchytrium endobioticum can transmit PVX and potato mottle virus whereas dodder 
can transmit many viruses including aster yellows. 

Dissemination by human beings 

 Humans are known to disseminate all kinds of pathogens over short and long 
distances in a variety of ways.  

 Humans disseminate some pathogens such as tobacco mosaic virus by successively 
handling of diseased and healthy plants.  

 Other pathogens are disseminated through farm tools such as pruning shears (pear fire 
blight), ploughs etc. by contaminating the healthy plants or plant parts after their 
contamination with spores and other pathogen structures.  

 Humans also transport pathogens by contaminated soil on their feet or equipment and 
by using infected transplants, seed, nursery stock and bud wood. 

 Humans disseminate plant pathogens by importing new varieties in to an area that 
may carry pathogens that have gone undetected by travelling throughout the world 
and by importing food or other items which may carry harmful plant pathogens.  

 For examples, introduction of Dutch elm disease (caused by Ophiostoma ulmi) or 
citrus canker in USA or powdery mildew of grapes in Europe; and more recently 
rapid spread of ergot of sorghum through out the world.  

                 ******<. .>****** 
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LECTURE 21 

SURVIVAL OF PLANT PATHOGENS 

SURVIVAL 

To continue the infection chain, most of the plant pathogens have developed some efficient 
means of survival through the unfavourable part of the year. So that with the onset of the 
favourable season its infection may be renewed. Chief sources of survival of plant pathogens 
are: 

 Infected living hosts 
 Infected or contaminated planting organs 
 Infected crop residues 
 Resting structures 
 Soil  

Infected living hosts 

 Infected plants are the most important sources/reservoir of inoculum for plant 
diseases.  

 Bacteria, fungal spores and spore producing structures such as pycnidia, acervuli etc. 
may survive the unfavorable season in the infected twigs and branches of perennial 
plants, e.g., Erwinia amylovora in apple, Xanthomonas campestris pv. citri in citrus 
causing canker.  

 When the favourable season returns, the resting bodies come out of their dormant 
state, become active and produce primary inoculum.  

 Some crops like rice, chillies, brinjal or brassicas are grown throughout the year and 
provide continuity to the pathogens infecting them year after year. 

 Also, the volunteer or self sown plants growing outside the fields get infected during 
the off-season and may act as a good source of inoculum to the new crop, e.g., 
Puccinia graminis on wheat, Helminthosporium oryzae and Pyricularia oryzae on rice 
or Alternaria solani on chillies. 

Subsidiary hosts 

 Many plant pathogens have a wide host range and attack different related or unrelated 
plant species grown in different situations and different season. These are called 
subsidiary hosts. These include:  

a) Collateral hosts  
b) Alternate hosts  
c) Wild hosts of the same family  
d) Weed hosts.  
 
Collateral hosts 

 Fungal pathogens like Alternaria solani and A. brassicicola mostly attack members of 
Solanaceae and Brassicae family, respectively, which are their collateral hosts.  
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Alternate hosts 

 Puccinia graminis tritici which causes stem rust of wheat attacks and survives on 
barberry (Barberis vulgaris), the only other species it affects other than wheat.  

 Such transfer of inoculum is obligatory and essential for completing the life cycle. So 
barberry called the alternate host.  

 Similarly, Cronartium ribicola which causes blister rust of the white pine also attacks 
wild or cultivated currant or gooseberry plants as its alternate host,  

 Cedar is an alternate host of Gymnosporangium juniperi-virginianae causing cedar- 
apple rust.  

 Both Rhizoctonia solani and Sclerotium roilfsii have very wide host range spread over 
many families. As a result the inoculum of these pathogens is available almost 
throughout the year for infecting the same or different host species.  

Alternative hosts 
Such transfer of inoculum from one host species to another is not compulsory. There are 
called alternative hosts.  

 Cereal rusts can infect their wild hosts and survive the winter crop periods in such 
hosts and also some self sown wheat plants at higher altitudes.  

 Powdery mildew fungus Erysiphe cichoracearum and viral pathogens of cucurbits 
also survive the inter-crop period in wild cucurbits when their normal crop host is 
absent.  

 Important rice pathogens, Helminthosporium oryzae and Pyricularia oryzae can 
survive through their weed hosts like Leersia heaxandra, Echinochloa colonum, and 
Setaria intermediata and Digitaria marginata y or some others.  

Vectors as hosts 

 Among fungi and bacteria, which are transmitted by insects, some over winter within 
the body of their vectors, e.g., Ceratocystis fagacearum (oak wilt) survives in nitidulid 
beetles, Xanthomonas campestris pv. stewartii (maize wilt) in flea beetles and rice 
stunt virus in leaf hoppers. 

Infected seed or planting material 

 Infected or contaminated seeds and other planting material may carry the inoculum of 
fungal, bacterial, viral or nematode pathogens through the inter-crop period or the 
unfavourable season.  

 Some attack the floral organs and enter in to the ovary and others infect the seed 
through the seed coat.  

 Some infect the embryo and others the tissue beneath the seed coat and remain there 
in a dormant state without causing any damage to the seed and affecting their 
germinability. 

 Ustilago tritici and Alternaria triticina (in wheat), Alternaria brasscicola (in brassicas) 
survive in/on the seed.  

 Phytophthroa infestans (causing late blight of potato), Peronospora destructor (downy 
mildew of onion), Pythium aphanidermatum (rhizome rot of ginger), red rot of 
sugarcane, leaf roll and mild mosaic viruses of potatoes survive in the planting 
material like tubers, bulbs, rhizomes etc of the respective crops.  
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 Pathogens surviving in or on the seed or vegetative planting material are already in 
contact with the potential host plants and are not exposed to the vagaries of the 
environment.  

 When the seeds germinate, the pathogens also become active, resume their growth or 
infect the seedlings at the earliest opportunity. 

 Some other pathogens which enter through the seed coat and do not affect the embryo 
are Septoria apicola in celery, Colletotrichum in chillies, Pseudomonas phaseolicola 
in bean and Clavibacter michiganese in tomato.  

 Seeds may also get contaminated with the pathogen during threshing and storage. For 
example, covered smut of barely (Ustilago hordei), grain smut of jowar (S. sorghi), 
bunt of wheat (Tilletia caries and T. foetida) or fruit rot of chillies (Colletotrichum 
capsici).  

 Longevity of fungal spores carried externally on seed varies considerably for different 
pathogens depending upon storage conditions.  

 While thin walled spores perish early, those with thick walls survive longer. 

Crop Residue 

 Crop residue consisting of infected plant parts (leaves, stems, fruits etc.), roots and 
stubbles help in the survival of plant pathogens are a major source of primary 
inoculum for the next crop to be grown there.  

 Examples are Colletotrichum falcatum in sugarcane, Cercosporidium personatum in 
groundnut, Alternaria brassicae in crucifers, Ascochyta pisi in pea, Xanthomonas 
campestris pv. campestris in cabbage, Xanthomonas campestris pv. oryzae in rice, 
bean mosaic virus in bean and barley mosaic virus in barely.  

Soil 

 Soil is the ultimate resting place for most of the plant pathogens and one of the major 
source of primary inoculum for fungal, bacterial or nematode pathogens.  

 Most pathogens come back to soil after completing parasitic existence on the host 
plants. Some of them survive in soil as free living saprophytes and also reproduce and 
complete their life cycles.  

 Others just survive there showing only limited growth and no reproduction. Those 
that attack aerial organs of the hosts mostly survive the inter crop period or adverse 
climates through resistant propagules.  

 Garrett (1950) distinguished behavior of soil borne fungal pathogens and grouped 
them as soil inhabiting and soil invading fungi.  

 Soil inhabiting fungi were characterized by their ability to survive indefinitely in soil 
as saprophytes and to complete their life cycles there, e.g., Pythium, Phytophthora, 
Rhizoctonia sp., Sclerotium rolfsii and Fusarium solani. They are mostly primitive, 
less specialized parasites.  

 Soil invading fungi also known as root inhabiting fungi were characterized by an 
extended parasitic phase on living host plants, mostly restricted to host roots and a 
declining saprophytic phase in soil after death of the host plant.  

 The root inhabiting fungi with characteristic local distribution in soil are: 
Gaeumannomyces graminis, Fomes annosus, Phymatotrichum omnivorum and 
Armillariella mellea.  

 Vascular pathogens including Verticillium albo-atrum represent the intermediate 
group. They are no doubt somewhat specialized in their parasitic habits but can 
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survive also in soil saprophytically for a few years. Their ability to form perennating 
structures like chlamydospores (in Fusarium oxysporum) or micro sclerotia 
(Verticillium albo-atrum) may have a contributory role in this respect. 

Resting structures  

 Many soil borne fungal pathogens survive effectively in soil through adverse 
circumstances by forming resting structures.  

 Basically, the resting structures are of two types: 

i) resting spores of sexual or asexual origin 
ii) resting organs made of vegetative hyphae.  

 Thick-walled chlamydospores help in the survival of many fungi as Pythium spp., 
Fusarium solani and F. oxysporum.  

 Resting spores of Plasmodiophora brassicae also act in perennation. The conidia of 
Diplocarpon rosae also participate in the act of survival.  

 Smut spores some times also called as chlamydospores also function in survival of 
some rust, and smut and bunt fungi, termed respectively as teleutospores, smut spores 
and bunt spores.  

 Some fungi form sclerotia which are black hardened structures made up of 
aggregations of vegetative hyphae and are able to survive through extremely 
unfavourable conditions.  

 Sclerotium rolfsii, Rhizoctonia spp. and Phymatotrichum omnivorum are some of the 
common fungal pathogens with an important role for sclerotia in their survival.  
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LECTURE 22 

EFFECT OF ENVIRONMENTAL FACTORS ON DISEASE DEVELOPMENT 

EFFECT OF ENVIRONMENTAL FACTORS ON DISEASE DEVELOPMENT 

 Plant diseases are ubiquitous throughout the world wherever plants grow, but of more 
common occurrence in humid to wet area with cool, warm or tropical temperatures.  

 Diseases most commonly occur during wet, warm days and night and on plants 
heavily fertilized with nitrogenous fertilizers.  

 So, environmental conditions frequently determine whether a particular disease will 
occur or not.  

 Most common environmental factors that have considerable influence on 
development of plant disease are temperature and moisture.  

 Other factors include wind, light, soil pH, soil structure etc.  

Effect of temperature 

 Each pathogen has an optimum temperature for its growth. 
 Different growth stages of fungus, such as the production of spores, their germination 

and the growth of the mycelium may have slightly different optimum temperature.  
 Storage temperatures for certain fruits, vegetables and nursery stock are manipulated to 

control fungi and bacteria that causes storage decay, provided the temperature does not 
change quality of products.  

 In temperate regions, low temperature during late fall, winter or early spring are not 
congenial for the development of pathogen, but as the temperature rises, these 
pathogens become active and when other conditions are favourable they can cause 
infection and thus disease. 

 Pathogen differs in their preference for higher or lower temperature. For example, the 
fungi namely Typhula and Fusarium causing snow mould of cereals and turf grasses, 
late blight pathogen Phytophthora infestans are more serious in cold regions whereas 
fungus like Colletotrichum, Ralstonia are favoured by higher temperature. 

 Rapid disease development occurs when temperature is optimum for pathogen 
development and is below or above the optimum for host development.  

 For stem rust of wheat (Puccinia graminis tritici) completion of infection cycle is 22 
days at 5°C, 15 days at 10°C and 5-6 days at 23°C.  

 The minimum, optimum and maximum temperature for the pathogen, host and disease 
are same, the effect of temperatures in disease development is apparently through its 
influence on pathogen.  

 Effects of temperature may mask symptoms of certain viral and mycoplasmal diseases 
and making them more difficult to detect. 

Effect of moisture 

 Moisture influences the initiation and development of infectious plant diseases in many 
interrelated ways.  

 It may exist as rain or irrigation water on plant surface or around the roots, as relative 
humidity in the air and as dew.  

 Moisture is indispensable for the germination of fungal spores and penetration of the 
host by germ tube.  
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 It is also indispensable for the activation of bacterial, fungal and nematode pathogens 
before they can infect the plant. 

 Moisture in the form of splashing rain and running water also plats an important role in 
the distribution and spread of many of the pathogens on the same plant and on other 
plants.  

 Moisture also increases the succulence of host plants and thus their susceptibility to 
certain pathogens, which affects the extent and severity of disease. 

Effect of rainfall 

 The occurrence of many diseases in a particular region is closely correlated with the 
amount and distribution of rainfall within year.  

 Late blight of potato, apple scab, downy mildew of grapes and fire blight are found or 
are severe only in areas with high rainfall or high relative humidity during the growing 
season.  

 In apple scab, continuous wetting of the leaves, fruits etc. for at least 9 hours is 
required for primary infection to take place even at optimum range (18 to 23°C) of 
temperature.  

 At lower temperature the minimum wetting period required is higher.  
 In powdery mildews, spore germination and infection are actually lower in the 

presence of free moisture on the plant surface than they are in its absence.  

Effect of Relative humidity 

 Relative humidity is very critical in fungal spore germination and the development of 
storage rots. 

 Rhizopus soft rot of sweet potato (Rhizopus stolonifer) is an example of storage 
disease that does not develop if relative humidity is maintained at 85-90 %, even if the 
storage temperature is optimum for the growth of the pathogen. Under these conditions, 
the sweet potato root produces corky tissues that wall off the Rhizopus fungus.  

 Moisture is generally needed for fungal spore germination, the multiplication and 
penetration of bacteria and the initiation of infection e.g., germination of powdery 
mildew spores occurs at 90-95 % relative humidity. 

Effect of soil moisture 

 Soil moisture influences the initiation and development of infectious plant diseases.  
 High or low soil moisture may be a limiting factor in the development of certain root 

rot diseases.  
 High soil moisture levels favours development of destructive water mould fungi, such 

as species of Aphanomyces, Pythium and Phytophthora.  
 Overwintering by decreasing oxygen and raising carbon-dioxide levels in the soil 

makes roots more susceptible to root rotting organisms.  
 Diseases such as take all of cereals (Gaeumannomyces graminis), charcoal rot of corn, 

sorghum and soyabean (Macrophomina phaseolina), common scab of potato 
(Streptomyces scabies) and onion white rot (Sclerotium cepivorum) are most severe 
under low moisture levels. 
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Effect of wind 

 Most plant diseases that occurs in epidemic portions and spread in large areas are 
caused by fungi, bacteria and viruses that are spread either directly by wind or 
indirectly by insects which can travel long distances with the wind. 

 Uredospores and many conidia are transported to many kilometers by wind.  
 Wind becomes more important when it is accompanied by rain.  
 Wind blown rain splashes can help in spread of bacteria from the infected tissues. 

Effect of light 

 Light intensity and duration may either increase or decrease the susceptibility of plants 
to infection and also the severity of disease.  

 Light mainly cause production of etiolated plants due to reduced light intensity which 
in turn increases the susceptibility of plants to non-obligate parasites but decreases the 
susceptibility of plants to obligate parasites.  

 It also enhances the plants‘ susceptibility to viral infections. 

Effect of soil pH 

 Soil pH is a measure of acidity or alkalinity and it markedly influences occurrence of 
soil borne pathogens. 

 Growth of potato scab (Streptomyces scabies) pathogen is suppressed at a pH of 5.2 or 
slightly below but is more severe at a pH 5.2 to 8.0 or above.  

 Club root of crucifers caused by Plasmodiophora brassicae is most severe at a pH of 
5.7, whereas its development drops sharply between 5.7 and 6.2 and is completely 
checked at pH 7.8. 

Effect of soil type 

 Certain pathogens are favored by loam soils and others by clay soils. 
 Fusarium wilt disease which attacks a wide range of cultivated plants causes more 

damage in lighter and higher soils.  
 Nematodes are also most damaging in lighter soils that warm up quickly. 

Effect of host-plant nutrition 

 Nutrition affects the rate of growth and the state of readiness of plants to defend them 
against pathogenic attack. 

 Nitrogen abundance results in the production of young, succulent growth, a prolonged 
vegetative period and delayed maturity of the plants.  

 These effects make the plant more susceptible to pathogens that normally attack such 
tissues and for longer periods.  

 In contrast, plants suffering from a lack of nitrogen are weaker, slow growing and 
faster aging.  

 Such plants are susceptible to pathogens that are best able to attack weak, slow-
growing plants. 

 Large amounts of nitrogen increases the susceptibility of pear to fire blight (Erwinia 
amylovora), wheat rust (Puccinia) and powdery mildew (Erysiphe).  
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 Reduced availability of nitrogen may increase the susceptibility of tomato to Fusarium 
wilt and Alternaria solani, of sugar-beets to Sclerotium rolfsii and of most seedlings to 
Pythium damping-off.  

 Severity of the disease caused by Fusarium spp., Plasmodiophora brassicae and 
Sclerotium rolfsii increases when an ammonium fertilizer is applied whereas the 
severity of diseases caused by Streptomyces scabies and Gaeumannomyces graminis 
increase when nitrate form of fertilizers are applied. 

 Phosphorus has been shown to reduce the severity of potato scab but to increase the 
severity of cucumber mosaic virus on spinach and Septoria infection of wheat leaves 
and glumes.  

 Phosphorus seems to increase resistance either by improving the balance of nutrients in 
the plant or by accelerating the maturity of the crop and allowing it to escape infection 
by pathogens that prefer younger tissues. 

 Potassium has also been shown to reduce the severity of numerous diseases including 
stem rust of wheat and early blight of tomato, whereas high amounts of potassium 
increase the severity of rice blast and root knot.  

 Potassium seems to have a direct effect on the various stages of pathogen establishment 
and development in the host and an indirect effect on infection by promoting wound 
healing. 

 Calcium reduces the severity of several diseases caused by root and stem pathogens 
such as Rhizoctonia, Sclerotium, Botrytis and Fusarium oxysporum, but it increases the 
severity of common scab of potato (Streptomyces scabies). 

 The effect of calcium on disease resistance seems to result from its effect on the 
composition of cell walls and their resistance to penetration by pathogens.  

 In general, plants receiving a balanced nutrition, in which all required elements are 
supplied in appropriate amounts, are more capable of protecting them from new 
infections and of limiting existing infections than plants to which one or more nutrients 
are supplied in excessive or deficient amounts. 

Effect of pollutants 

 Air pollutants cause various types of direct symptoms on plants exposed to their high 
levels.  

 Ozone may affect a pathogen and sometimes the disease it causes. For example in 
wheat rust fungus, ozone reduces the growth of uredia and of hyphal growth and also 
the number of uredospores produced on ozone injured leaves.  

 Ozone increases the infection of potato leaves by Botrytis. 
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LECTURE 23 

PLANT DISEASE EPIDEMIOLOGY 

PLANT DISEASE EPIDEMIOLOGY 

 Epidemiology deals with the outbreaks and spread of diseases in a population.  
 It is the study of rate of multiplication of a pathogen which determines its capacity to 

spread a disease in a plant population.  
 It is the most important part of the study of plant diseases from practical point of 

view. 
 Epidemiologically, the diseases have been described as  

i) Simple interest diseases  
ii) Compound interest diseases. 
Simple interest diseases 

 In these diseases, the rate of increase is mathematically analogous to the 
simple interest in money.  

 There is only one generation of the pathogen in the life of the infected 
crop.  

 The primary inoculum is seed or soil borne and secondary infection is 
rare.  

 All the infections noticed in the field are from the pre-existing inoculum 
in the soil.  

 Most important example is loose smut of wheat (U. tritici), where the 
inoculum is internally seed borne or is carried in the seed resulting in the 
infected ears in the season showing black powdery loose mass in place of 
grains.  

 In wilt and root rot diseases, the primary inoculum is important and there 
are very remote chances of secondary spread, even if the pathogen 
sporulates, due to the soil barriers and other factors.  

Compound interest diseases 

 In these diseases, the rate of increase is mathematically analogous to 
compound interest in money.  

 The pathogen produces spores at a very rapid rate which are disseminated 
by external agencies like air, thereby infecting other plants.  

 The incubation and sporulation period is also very short.  
 The infection cycle is repeated many times during the cropping season.  
 Secondary inoculum plays a vital role in the development of epidemics in 

such diseases.  
 The prevailing environmental conditions play an important role in such 

diseases.  
 Wheat rust, late blight of potato and apple scab are some diseases of this 

type. 
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Mathematical model of disease spread 

 Vander Plank in 1963 in his historical book "Plant Diseases- Epidemics 
and Control‖ suggested a model based on the infection rate 'r'.  

 It is the rate at which the population of the pathogen increases. The 'r' is 
on average estimated from successive estimates of population of 
pathogen as proportion 'X' of the infected plants (in case of systemic 
diseases) or of infected susceptible tissues in case of local lesion diseases.  

 The equation for describing the epidemic is: 
 X= X 0ert  

Where X = proportion of disease at any time 
X0 = the amount of critical inoculum 
r = average infection rate 
t = time during which infection occurred 
 

 The value of e in the equation is the base of natural logarithm = 1+ 1 n/n  
 We are dealing here with an exponential function and the basic 

assumption here is that at a given time the rate of disease increase is 
proportional to the amount of disease at that moment. This assumption is 
true at the beginning where plenty of tissue is there to be infected. As the 
disease progresses, the amount of susceptible tissue left for infection 
declines and the rate of increase is determined by the amount of 
susceptible tissue left i.e. 1-x, but not the one which is present (x). The 
infection rate ‗r‘ is very important and used to compare epidemics of 
diseases at different localities/cultivars /fungicide treatments. The 
comparative ‗r‘ is derived by taking log and transposing: 

 Log ex = log ex0 + rt  
 rt = log ex – log ex0  
 r = 1 log ex/x0 
 t  
 This ‗r‘ can be assumed at any time during the epidemic but its use is 

simpler in early stages of development of the epidemics which is an 
important stage. For comparing two epidemics in cultivars or otherwise, 2 
readings at the starting point i.e. t1 (x1) and the other time i.e. t2 (x2) are 
must.  

 Average infection rate in them calculated as: 
 r = 1 log e x2  
 t2-t1 x1  
 When the disease has reached very high intensity, the formula for 

calculating ‗r‘ is more complicated because the factor (1-x) is introduced. 
In that case: 

 R= 1 log e x2 (1-x) 
 T2-t1 x1 (1-x)  

Slow and rapid epiphytotics 

 The form an epidemic can take is governed by 
 the nature of pathogen  
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 its host  
 the weather which works as a reference in the battle between the two.  
 At one extreme are the epidemics which develop slowly (tardive) and at 

the other end are those which develop rapidly (explosive).  
 Many intermediate types may also occur.  
 Slow epiphytotics occur among populations of perennial, long lived 

plants such as fruit trees.  
 The causal organisms are mostly systemic to varying extents e.g. Dutch 

elm disease or chestnut blight. 
 Rapid epidemics are chiefly caused by non-systemic pathogens with high 

multiplication/ reproduction rate which have several generations within a 
short time.  

 Mostly annual crops are affected by such epiphytotics.  
 They are more affected by environments than the slow epiphytotics.  
 The increase of disease is rapid rising to distinct peak in short time, then 

showing sharp decline as the weather turns unfavorable, host become 
resistant due to maturity etc.  

Analysis of epidemics 

 Epidemic is a system i.e. an inter-locking complex of processes 
characterized by many reciprocal cause- effect pathways.  

 It is a structural and functional phenomenon having two or more 
separable components and some interaction between these components.  

 However, each component of the system can be studied separately. 
 Analysis of a system with 2 or a few components is easy but that with too 

many variable and non variable components with their own components 
and all interacting with each other is a tedious and time consuming job.  

 Epidemics interact with other sub eco-systems of agro-ecosystem making 
it more complex.  

 In such a complex scenario, it is rather difficult to pin point the individual 
effect of any of the parameters say temperature or rainfall or any cultural 
practice on development of epidemics and its overall contribution.  

 However, there are some diseases in which the role of some critical 
parameters like temperature, leaf wetness and rainfall or RH has been 
studied.  

Elements of epidemics 

 The disease epidemics develop as a result of the timely combination of 
the same elements that result in plant disease:  

 susceptible host plants,  
 a virulent pathogen,  
 favourable environmental conditions over a relatively long period of 

time. 
 Humans may unwittingly help initiate and develop epidemics through 

some of their activities, e.g., by tipping or pruning plants in wet weather. 
 Humans may also stop the initiation and development of epidemics by 

using appropriate control measures under situations favourable for 
epidemics. 
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 The chance of an epidemic increases when the susceptibility of the host 
and virulence of the pathogen are greater, as the environmental 
conditions approach the optimum level for pathogen growth, 
reproduction, and spread, and as the duration of all favourable 
combinations is prolonged or repeated. 

The Disease Pyramid 

 To describe the interaction of the components of plant disease epidemics, 
the disease triangle can be expanded to include time and humans factors.  

 The specific point in time at which a particular event in disease 
development occurs and the length of time during which the event takes 
place affect the amount of disease.  

 The interaction of four components can be visualized as a tetrahedron, or 
pyramid, in which each plane represents one of the components. This 
figure is referred to as the disease tetrahedron or disease pyramid. 

 The effect of time on disease development becomes apparent when one 
considers the importance of the time of year, the duration and frequency 
of favourable temperature and rains, the time of appearance of the vector, 
the duration of the infection cycle of a particular disease, and so on.  

 If the four components of the disease tetrahedron could be quantified, the 
volume of the tetrahedron would be proportional to the amount of disease 
on a plant or in a plant population.  

 

Effect of Humans 

 Disease development in cultivated plants is also influenced greatly by a fifth 
component: humans.  

 Humans affect the kind of plants grown in a given area, the degree of plant resistance, 
the numbers planted, time of planting and density of the plants. 
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 By the resistance of the particular plants they cultivate, humans also determine which 
pathogens and pathogen races will predominate.  

 By their cultural practices, and by the chemical and biological controls they may use, 
humans affect the amount of primary and secondary inoculum available to attack 
plants.  

 Humans also modify the effect of environment on disease development by delaying or 
speeding up planting or harvesting, by planting in raised beds by protecting plant 
surfaces with chemicals before rains, by regulating the humidity in produce storage 
areas, and so on.  

 The timing of human activities in growing and protecting plants may affect various 
combinations of these components to a considerable degree, thereby affecting the 
amount of disease in individual plants and in plant populations greatly.  

 The human component has sometimes been used in place of the component ―time‖ in 
the disease tetrahedron, but it should be considered a distinct fifth component that 
influences the development of plant disease directly and indirectly.  
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LECTURE 24 

PLANT DISEASE FORECASTING 

PLANT DISEASE FORECASTING 

Plant disease forecasting involves all the activities in ascertaining and notifying the farmer in 
an area/community that the conditions are sufficiently favourable for certain diseases, that 
application of control measures will result in economic gain or that the amount of disease 
expected is unlikely to be enough to justify the expenditure of time, money and energy for its 
control.  

 Plant disease forecasting requires complete knowledge of epidemiology i.e. the 
development of disease in plant population under the influence of the factors 
associated with the host, the pathogen and the environment.  

 Forecasting is actually, the applied epidemiology.  
 Plant disease forecasting is made more reliable if the reasons for a particular disease 

developing under certain conditions and not others are known.  
 Experimental investigation is necessary to show that exactly what stage during the 

disease development is critical for variable incidence or intensity of disease.  
 A timely and reliable forecast gives the farmer many options to choose from that he 

can weigh the risks, costs and benefits of his possible decisions.  

Requirements or conditions of plant disease forecasting 

 The disease must be causing economically significant damage in terms of loss of 
quantity and quality of the produce in the area concerned. 

 The onset, speed of spread and destructiveness of the disease is variable mostly due to 
dependence on the weather which is variable. 

 Control measures are known and can be economically applied by the farmer when 
told to so. 

 Information on weather- disease relationship is fully known. 
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METHODS OF FORECASTING PLANT DISEASES 

Plant disease forecasting has been applied in many diseases on the basis of:  

 Weather conditions during the inter-crop period 
 Weather during crop season 
 Amount of disease in the young crop 
 Amount of inoculum in the air, soil or planting material 

Forecasts based on weather conditions during inter-crop period and amount of primary 
inoculum 

 Weather during inter-crop period is closely related to the survival of many plant 
pathogens, mostly through the severe cold of winter months and in some cases to that 
of pathogen vectors also. 

 Erwinia stewartii (causing Stewart wilt of corn) survives the winter in the bodies of 
flea beetles- its vectors.  

 An assessment of vector population at the onset of spring gives an indication of the 
extent of survival of the vector through the cold months.  

 Where the sum of mean temperatures for 3 winter months of December, January and 
February at a given location is less than -1oC, the most of vectors die and therefore no 
serious disease is expected.  

 In contrast, mild winter permits good survival of vectors leading to severe disease 
outbreak. For curly top disease of sugar beet, severity of disease outbreak is correlated 
with the number of vectors that successfully overwinter.  

 In California, USA, fire blight of apple and pear incited by Erwinia amylovora, 
became severe if the daily average temperature exceeded a ‗disease prediction line‘ 
obtained by drawing a line from 16.7oC on March, 1 to 14.4oC on May, 1. This 
pathogen multiplies very slowly at temperatures below 15oC, and this makes the 
initial inoculum inadequate for any strong attack.  

 Some fungal pathogens affecting temperate region crops like those causing apple 
scab, brown rot, ergot of rye, etc. survive winter by developing resistant structures. 
The forecasters look for them to get hints about their prospects in the coming season.  

 For some soil borne fungal pathogens like Verticillium and Sclerotium spp. and cyst 
nematodes Heterodera and Globodera spp., greater the amount of propagules 
(sclerotia and cysts, respectively) more severe is the disease. 

Weather conditions during the crop season and the production of secondary incoculum 

 The temperature and moisture levels are very critical during the crop season for the 
development and spread of some air borne diseases.  

 Severe outbreaks are likely to occur if certain combinations of temperature and 
moisture levels are available for a certain period of time.  

 This requirement is different for different diseases. 
 Several leaf spot diseases of fungal origin for example tikka disease of groundnut, 

turcicum blight of corn, apple scab and paddy blast can be predicated by taking into 
account the number of spores trapped daily over the cultivated field, the temperature 
and relative humidity over a certain period of time. 
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Amount of disease in the young crop 

 Extent of disease developed in the young crop may occasionally provide a reliable 
indication of the likely severe development of the disease in the mature crop, e.g., leaf 
rust of wheat.  

 The young crop mostly gets infected from overwintering local infections.  
 The amount of infection at onset of spring often determines the subsequent 

development of this disease as the weather following is generally favourable.  
 The crop is, therefore, periodically assessed to keep track of the infection and control 

measures are recommended accordingly.  

Amount of inoculum in soil, planting material and air 

 In many diseases, the primary inoculum comes from last years infected crop residues 
lying in the field.  

 Overwintering fungal pathogens produce spores at the onset of the growing season 
which function as primary inoculum and initiate initial infections in some plants of 
the new crop.  

 Examples are apple scab, brown rot of stone fruits or ergot of rye.  
 The amount of such residues lying in the field or the plantation floor gives an 

indication of the availability of inoculum at the start of the season and if the level is 
high a forecast can be made.  

Amount of inoculum in soil, planting material and air 

 In the seed-borne plant diseases, the extent of infection and contamination in the seeds 
or planting material can be easily estimated in the laboratory.  

 This can be useful for predicting seed-borne smut, bacterial and viral diseases.  
 Depending on the level of infection or contamination, the seed or planting material 

can be rejected out rightly or made free from the pathogens by chemical or thermal 
treatments.  

 Some soil borne fungal pathogens may survive in soil as hyphae; but most of them 
survive in soil as resting structures like sclerotia, chlamydospores and stromata.  

 The soil borne inoculum can be approximately determined and if exceeds certain 
limits, a susceptible variety may not be grown in such fields.  

 Blight and root rots caused by Sclerotium rolfsii are good examples. 
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SOME SUCCESSFUL EXAMPLES OF PLANT DISEASE FORECASTING 

Late blight of potato 

 Holland pioneered the development of forecasting and spray warning services for the 
control of late blight of potato.  

 Van Everdingen (1926) analyzed the combined effect of several weather conditions 
on the development of Phytophthora infestans and evolved four rules, popularly 
known as Dutch rules, on which the appearance of blight was observed to depend.  

i) Night temperature below dew point at least for 4 hours  

ii) A minimum temperature of 10oC or above  

iii) A mean cloudiness on the next day of 0.8 or more, and  

iv) At least 0.1mm rainfall during the next 24 hours.  

 When all these four conditions were obtained in Holland, potato blight was expected 
after the next 7 days and therefore the control measures were immediately 
recommended to the farmers.  

 Beaumont and Hodson (1930) added the fifth rule to above four rules to apply them in 
England. The additional rule called for periods of not less than 2 days in which the 
relative humidity (at 3 PM) was higher than 75 percent.  

 Staniland (1937) devised a system known as Beaumont period and reduced these five 
rules to two, according to which when a minimum temperature of 10oC or over and a 
relative humidity 75 per cent were available, the situation was right for forecast.  

 The Beaumont period was later replaced by Smith period (Smith, 1961) which 
comprised the minimum temperature of 10oC for two consecutive ‗24 hour periods‘ 
in each of which there was at least 11 hours with more than 89 per cent relative 
humidity; and its fulfillment prompted forecast. 

 Krause et al. (1975) devised for USA a complete forecasting system known as 
BLITECAST.  

 It is a computer programme written in Fortran IV. In this system, local temperature, 
relative humidity and rainfall data is fed in to the centrally based computer system, 
which then provides the forecast.  

 Later, addition of data on cultivar resistance or fungicide to be used corrected the 
forecast and made it more appropriate.  

 In India, fungicide application is recommended when temperature is lower than 
normal and relative humidity is close to saturation point.  

Apple scab forecasting 

 In case of apple scab caused by an ascomycete Venturia inaequalis, the peudothecia 
present in the stromata embedded in the over-wintered infected leaf litter on the 
orchard floor start maturing in the spring.  

 Ascospores are discharged from them continuously for 3-5 weeks and function as 
primary inoculum.  

 Being air borne, ascospores land on young expanding apple leaves and start primary 
infections.  
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 Mills and La Plante (1954) developed a Mills‘ Chart according to which the primary 
infection could occur within a temperature range of 0 to 28oC and leaf wetness for 9 
to 48 hours.  

 A Mills‘ period was defined as a period of leaf wetness required at a particular 
temperature for causing light, medium or heavy scab infection on the leaves.  

 By combining the temperature and duration of leaf wetness for varying periods, they 
suggested that combination of 30, 20, 14 and 10 hours of leaf wetness, respectively 
with a mean temperature of that period of 5.6, 7.2, 10 and 150C satisfied the 
requirements for successful infection among others.  

 It also indicated the expected severity of disease along with incubation period. Later, 
Smith (1961) utilized a threshold level of 90% relative humidity following rain in 
place of leaf wetness record.  

 Jones et al. (1981) and Ellis et al. (1984) devised computer based apple scab 
predictor, which utilized special purpose micro-processor for analyzing detailed 
information on various relevant components.  

 Recommendations were made for need based timely fungicide application and even 
the type of fungicides to be used.  

Apple scab forecasting in Himachal Pradesh 

 In Himachal Pradesh, when the apple scab appeared in epidemic form in late 1970‘s 
onward, 5 Apple Scab Monitoring and Research Laboratories were established at 
Mashobra, Kotkhai, Thanedhar and Sarahan in Shimla, and Bajaura in Kullu district.  

 Apple scab infection periods were predicted by using equipments, like de Wit 7 day 
leaf wetness recorder, Reuter Stokes apple scab predictor and SWG Biomat at 
different locations.  

 When the conditions congenial for the development of apple scab were recorded, this 
information was given to the farmers by blowing sirens, radio broadcasts and personal 
contacts.  

 Of all the systems, Reuter Stokes predictor was found to be the most efficient in 
predicting the infection periods at Kotkhai (Sharma and Gupta, 1995).  

 Different fungicides could be effectively used depending on their after-infection 
(curative), pre-symptom or post-symptom (eradicative) activities. This is regarded as 
the best example of plant disease forecasting in India till date.  
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LECTURE 25 

MEASUREMENT OF PLANT DISEASES AND YIELD LOSS 

MEASUREMENT OF PLANT DISEASES 

Plant diseases are measured in terms of incidence and severity.  

 Disease incidence is the number or proportions of plant units that are diseased (i.e. 
plants, leaves, flowers, fruits etc.) in relation to the total number of the units 
examined.  

It is expressed in terms of percentage as follows:  
The measurement of disease incidence is relatively quick and easy and is used to 
measure/assess a disease through a field, region or country.  

 Disease severity 
 In a few cases such as cereal smuts, neck blast, brown rot of stone fruits and vascular 

wilts of annuals where they cause total loss, disease incidence has a distinct 
relationship with the severity of the disease and yield loss.  

 Disease severity is usually expressed as the proportion of plant area or fruit volume 
destroyed by the pathogen. It is expressed in the percentage as follows: 

 In many diseases such as most leaf spots, root lesions and rusts in which plants are 
counted as diseased whether they are exhibiting a single lesion or hundred lesions, 
disease severity is of greater importance to the growers than the disease incidence.  

 Disease severity is also referred to as disease intensity.  
 For diseases, where the amount of disease varies greatly on different plants in the 

population, many arbitrary indices and ratings have been in practice.  
 They are usually discouraged and are replaced by percentage scales and standard area 

diagrams of disease intensity. 

Percentage Scales 

 In this, usually the number of plants or organs falling into known percentage disease 
groups are recorded.  

 The disease groups are the categories distinguished on the basis of per cent damage 
seen by human eye.  

 A 12 grade scale was suggested by Horsfall and Baratt (1945) who took into the fact 
that the grades detected by the human eye are approximately equal divisions on a 
logarithmic scale and generally follow the Weber-Fechner law which states that visual 
activity depends on the logarithm of the intensity of the stimulus.  

 In percentage disease assessment, the eye actually assesses the diseased area upto 50 
per cent and the healthy area above 50 per cent. 

In Horsfall and Baratt grading system, the categories were as follows: 
1= 0%, 2= 0-3%, 3= 3-6%, 4= 6-12%, 5= 12-25%, 6= 25-50%, 7= 50-75%, 8 = 75-87%,  
9 = 87-94 %, 10= 94-97%, 11= 97-100 %, 12 =100% disease.  



Fundamentals of Plant Pathology 

 

www.Agrimoon.com Page 124 

 This is a logarithmic scale and is satisfactory not only for disease measurement, but 
also for epidemiological studies, because pathogens multiply at logarithmic rate and 
also for loss appraisal.  

 A system using percentage scale was developed by British mycological Society 
(Anon, 1947) for measuring late blight of potato. 

The percentage scales have many advantages such as: 
i) The upper and lower limits of the scale are always well defined.  
ii) The scale is flexible in that it can be divided and subdivided conveniently.  
iii) It is universally known and can be used to record both the number of plants infected 
(incidence) and area damaged (severity) by a foliage or root pathogen.  
 
Standard area Diagrams 

 Nathan Cobb developed the first standard area diagram for leaf rust of wheat.  
 It divided rust intensity into five grades representing 0, 5, 10, 20 and 50 per cent of 

leaf area occupied by the visible or sporulating rust pustules.  
 The highest grade (50%) represented the maximum possible cover.  
 A modified Cobb‘s scale was proposed by Melchers and Parleu (1922) for the 

estimation of stem rust of wheat.  
 One of the most practical set of the area diagrams was prepared by James (1971). 

These diagrams represent the actual area of the leaves, stems, pods and tubers 
occupied by lesions in terms of per cent area covered.  

 A common formula as follows is generally used to calculate the average infection or 
Infection Index, sometimes also known as Disease Index or Per cent Disease Index, 
which is calculated as follows: 

Per cent Disease Index (PDI)   =  Sum of all disease ratings  X  100  

Total number of ratings  X  Maximum disease grade  

 Severity estimates from fairly small areas can be combined to cover large areas,viz., 
village, district or state. This overall index can be obtained by using the formula: 

Percent Disease Index  

(PDI) 

 =  Field rating class  X  Number of hectares in the class  

Total number of hectares  

 
Remote sensing 

 Remote sensing provides a powerful tool for detection and measurement of diseases. 
 It is used for survey of large crop areas by means of aerial photography.  
 Diseased plants can be identified as distinct patches in an otherwise uniform picture.  
 It is useful for measuring diseases such as late blight of potato where early disease 

foci can be located and their subsequent spread is followed.  
 Remote sensing is also useful when sudden disaster strikes and a rapid appraisal of the 

situation is required.  
 In wheat crop, aerial photography can be used to determine the extent of damage by 

take-all or eye spot disease. Similarly, the incidence of Heterobasidion can be 
monitored in pine plantation covering undulating, boggy or rocky land. 
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CROP LOSS ASSESSMENT 

Crop loss can be summarized as the difference between the attainable yield from the healthy 
crop and that obtained from the diseased crop and is expressed as percentage mostly in terms 
of money.  

 The most important purpose of disease appraisal is the assessment of crop loss.  
 Various attempts have been made to utilize disease assessment data for estimation of 

loss.  
 However, such conversion is not easy.  
 There is no straight forward way to determine the amount of yield loss. 
 While calculating the yield loss from a disease, its nature, extent of damage in terms 

of yield, quality and loss of market value are to be considered.  
 Diseases like smuts, root rots, ergot etc. cause almost 100 per cent damage to the crop 

and the loss estimates are rather easy to make.  
 However, those causing damage to the foliage and other debilitating diseases, thereby 

affecting the yield partially to different extents pose a great difficulty in assessing 
losses.  

 Sometimes, the crop stage, when the crop is attacked becomes critical in this respect. 

Estimation of yield loss 

 For estimating yield loss due to diseases, comparisons between crops grown in 
different years or localities are not reliable as other factors are not the same.  

 For valid comparisons, disease free plots are to be compared with those nearby with 
varying amount of disease.  

 Disease free plots are mostly obtained by use of fungicides with little or no 
phytotoxicity.  

 If the yield loss is to be estimated on a regional basis, data on disease incidence 
obtained from the disease surveys would be utilized using formulae based on 
fungicide trials.  

 These data are usually employed in the ‗critical point‘ models which are actually the 
regression equations. 

 ‗Multiple point‘ models in which the loss estimation is based on many diseases appear 
to be more reliable.  

 These data are used to produce a multi-dimensional model whose dimensions include 
the date of disease onset, shape of the disease progress curve, the host cultivar and the 
yield loss as the dependent variables.  
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LECTURE 26 

PRINCIPLES OF PLANT DISEASE MANAGEMENT 

PRINCIPLES OF PLANT DISEASE MANAGEMENT 

Fundamental principles of disease management 
i) Avoidance: Geographical area, selection of a proper field, planting time and disease 

escaping varieties, avoidance of insect vectors and wed hosts 

ii) Exclusion: Quarantine, inspection & certification, seed treatment 

iii) Eradication: Crop rotation, sanitation, rogouing, soil treatment, heat and chemical 

treatment to diseased plant material, use of antagonists 

iv) Protection: Chemical treatment 

v) Immunization: Resistant varieties, induced systemic resistance 

vi) Therapy: Chemotherapy, thermotherapy 

 
Avoidance 

 It involves tactics that prevent contact between the host and the pathogen.  
 The selection of geographic area, selection of a proper field, planting time and 

disease escaping varieties play an important role in avoiding the disease.  
 For example bean anthracnose is common in wet areas. Similarly smut and ergot 

of pearl-millet are serious in areas where rainfall occurs for long durations during 
flowering of the crop. 

 Successful cultivation of a crop depends to a great extent on the selection of a 
proper field especially in soil borne diseases, e.g., root knot nematode disease, 
wilt of pigeon-pea etc.  

 In many diseases the incidence or disease severity depends upon the coincidence 
of susceptible stage of the host and favourable conditions for the pathogen.  

 This can be achieved by alteration in the date of planting/sowing. 
 Certain insects especially aphids, beetles and leafhoppers are known to transmit 

viruses and mollicutes from infected plants to healthy plants.  
 Perennial weeds including pokeweed, milkweed, Johnson grass and horse nettle 

serve as over-wintering reservoirs of some viruses.  
 Curly top in sugar-beet is a leaf hopper-transmissible viral disease and weeds 

play a significant role in its spread.  
 Some of the important weeds involved in the spread of curly top disease are 

certain species of Chenopodium, Russian thistle, Amaranthus, deadly nigh shade, 
shepherd‘s purse and knotweed. 

 In some cases, aphids feed on some of the early-appearing weeds and then move 
to new crop plantings, thus introducing viruses which are then spread in 
secondary cycles within the planting.  

 Bean yellow mosaic virus (BYMV) is a common problem in bean growing areas.  
 Forage legumes (red clovers) are found to be the source of primary inoculum for 

aphids to carry BYMV into bean fields.  
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 For lettuce mosaic virus, only 10 to 15 seconds of feeding is needed by an aphid 
to acquire the virus and another 10 to 20 seconds on another plant suffices for the 
aphid to transmit the virus. 

Exclusion 

 It means preventing the entrance and establishment of pathogens in uninfected 
crops in a particular area. 

 It can be achieved using certified seed or plants, sorting bulbs before planting, 
discarding any that are doubtful, possibly treating seeds, tubers or corms before 
they are planted and most importantly refusing obviously diseased specimens 
from dealers.  

 In order to prevent the import and spread of plant pathogens into the country or 
individual states, certain federal and state laws regulate the conditions under 
which certain crops may be grown and distributed between states and countries.  

 Such regulatory control is applied by means of quarantine, inspection of plants in 
the field or warehouse and occasionally by voluntary or compulsory eradication 
of certain host plants.  

 Plant quarantines are carried out by experienced inspectors, stationed in all 
points of entry into the country, to stop persons or produce likely to introduce 
new pathogens.  

 Similar quarantine regulations govern the interstate and even intrastate sale of 
nursery stock, tubers, bulbs, seeds and other propagative organs, especially of 
certain crops such as potatoes and fruit trees.  

 For example, the outbreak of citrus canker in USA in 1910 through planting 
material imported from Southeast Asian countries.  

 Due to heavy destruction, strict quarantine was imposed against entry of citrus 
planting material. 

 However in 1981, 1984 and 1991, fresh outbreaks were reported due to illegal 
importation of citrus planting material. In India, interstate quarantine is in place 
for the movement of potato from Darjeeling area of West Bengal to prevent the 
spread of potato wart which is restricted to that area only. 

Eradication 
It involves elimination of a pathogen once it has become established on a plant or in a field. It 
can be accomplished by: 

 Removal of diseased plants or parts as in roguing to control virus diseases or 
cutting off a cankered tree limb. 

 Cultivating to keep down weed hosts and deep ploughing or spading to bury 
diseased plant debris.  

 Rotation of susceptible with non-susceptible crops to starve out the pathogen.  
 Disinfection usually by chemicals, sometimes by heat treatment. 
 Spraying or dusting with sulphur to kill the mildew mycelium.  
 Treating the soil with chloropicrin to kill nematodes and fungi.  
 Soil treatment with various nematicides (Telone II, Temik 15G, Counter 15 and 

20G) is useful to control sugar-beet nematodes.  

Protection 
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 It is the use of some protective barrier between the susceptible part of the suscept 
or host and the pathogen. 

 In most cases, a protective spray or dust applied to the plant in advance of the 
arrival of the fungus spores. 

 Sometimes, it is achieved by killing insects or other inoculating agents. 
 Sometimes it is achieved by erection of a wind-break or other mechanical 

barrier.  
 Fungicidal sprays that act as protectants are used to control Cercospora leaf spot 

of sugar-beet, especially in those fields where inoculum has carried over from 
the previous year.  

 The principle of protective fungicides is to disrupt the natural sequence of 
infection.  

 These fungicides act on the leaf surface to kill the newly germinated spores.  
 Sulphur is used as a protectant fungicide to control powdery mildew of sugar-

beet.  
 There is a long list of chemicals available in the literature that can be used in 

protective spraying and dusting, along with eradicant chemicals.  
 The commercially sold chemicals are provided with instructions or notes on 

compatibility and possibilities of injury.  
 Improvement of aeration under crop canopy reduces the humidity on aerial parts 

of the plant and thus checks the growth of fungi which flourish in humid 
atmosphere. 

Immunization/Disease resistance 

 Disease resistant and tolerant varieties are the cheapest, easiest and most efficient 
way to reduce disease losses. 

 Varieties should be selected that possess resistance or tolerance to one or more 
disease organisms.  

 For some diseases, such as the soil-borne vascular wilts and the viruses, the use 
of resistant varieties is the only means of ensuring control.  

 Certified seed of resistant varieties is available and sold commercially.  
 The use of varieties of plants resistant to particular diseases has proved to be 

very effective against stem rust of wheat, rust of dry bean and Rhizoctonia root 
rot of sugar beet.  

 Most plant breeding is done for the development of varieties that produce greater 
yields of better quality.  

 When such varieties become available, they are then tested for resistance against 
some of the most important pathogens present in the area where the variety is 
developed and where it is expected to be cultivated.  

 If the variety is resistant to these pathogens for that area, it may be released to 
the growers for immediate production.  

 There are degrees of resistance to certain diseases, some varieties being 
completely immune, others partially susceptible.  

 Resistant varieties may become susceptible to new races of a pathogen, as 
happens with cereal rusts, powdery mildews, downy mildews and P. infestans.  

 Modern DNA technology has made it possible to engineer transgenic plants that 
are transformed with genes for resistance against specific disease, for tolerance 
of adverse environmental factors or with nucleic acid sequence that lead to gene 
silencing of the pathogen.  
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 Use of microorganisms and chemicals to induce systemic acquired resistance and 
activations of plants‘ defense system could also be used for the management of 
plant diseases.  

Therapy 

 It is used on individual plants and can not be used on a large scale. 
 It is achieved by inoculating or treating the plant with something that will 

inactivate the pathogen.  
 Chemotherapy is the use of chemicals to inactivate the pathogen, whereas heat is 

sometimes used to inactivate or inhibit virus development in infected plant 
tissues so that newly developing tissue may be obtained which is free of 
pathogen.  

 Thermotherapy involves the exposure of diseased plants or parts of them to hot 
water or high air temperature for different periods of time. 

 Loose smut of wheat is controlled by treating the seeds with hot water, but 
growing resistant varieties iss a simpler method of control.  

 Hot water treatment has been used to kill nematodes in bulbs, corms, tubers and 
fleshy roots while they are in a dormant condition.  

 Dormant chrysanthemum stools can get rid of foliar nematodes by submerging in 
water at 112°F (44°C) for 30 minutes. 
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LECTURE 27 

PHYSICAL AND LEGISLATIVE METHODS OF PLANT DISEASE MANAGEMENT 

PHYSICAL AGENTS USED FOR DISEASE CONTROL 

The physical agents used most commonly in controlling plant diseases are:  
i) Temperature (high or low) 

ii) Dry air 

iii) Unfavourable light wavelengths 

iv) Various types of radiations 

v) Cultivation in glass or plastic green houses 

vi) Plastic or net covering 

Soil sterilization by heat  

 Soil sterilization is completed when the temperature in the coldest part of the soil has 
remained for at least 30 minutes at 82oC or above, at which temperature almost all 
plant pathogens in the soil are killed.  

 Soil can be sterilized in greenhouses, and sometimes in seed beds and cold frames, by 
the heat carried in live or aerated steam or hot water.  

 The soil is steam sterilized either in special containers (soil sterilizers), into which 
steam is supplied under pressure, or on the greenhouse benches, in which case steam 
is piped into and is allowed to diffuse through the soil. 

 At about 50oC, nematodes, some oomycetes, and other water moulds are killed, 
whereas most plant pathogenic fungi and bacteria along with some worms, slugs, 
centipedes, are usually killed at temperatures between 60 and 72oC.  

 Most weeds, rest of plant pathogenic bacteria, most plant viruses in plant debris, and 
most insects are killed at about 82oC.  

 Heat tolerant weed seeds and some plant viruses, such as Tobacco mosaic virus 
(TMV) are killed at or near the boiling point that is between 95 and 100oC. 

 Excessively high or prolonged high temperatures should be avoided during soil 
sterilization.  

 High temperatures destroy all normal saprophytic microflora in the soil and result in 
release of toxic levels of some (e.g., Manganese) salts.  

 High temperatures also result in the accumulation of toxic levels of ammonia (by 
killing the nitrifying bacteria before they kill the more heat resistant ammonifying 
bacteria), which may damage or kill plants planted afterward. 

Soil solarization 

 When clear polythene film is placed over moist soil during sunny summer days, the 
temperature at the top 5 cm of soil may reach as high as 52oC compared to a 
maximum of 37oC in unmulched soil.  

 If sunny weather continues for several days or weeks, the increased soil temperature 
from solar heat, known as solarization inactivates (or kills) many soil borne 
pathogens, viz., fungi, nematodes, and bacteria near soil surface, thereby reducing the 
inoculum and its potential for causing disease.  
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Hot water treatment of propagating organs  

 Hot water treatment of certain seeds, bulbs, and nursery stock is used to kill pathogens 
with which they are infected or which may be present in seed coats, bulbs, scales, and 
so on, or which may be present in external surfaces or wounds.  

 Seed treatment with hot water was the only means of control in some diseases for 
many years, as in the loose smut of cereals, in which the fungus overwinters as 
mycelium inside the seed where it could not be reached by chemicals.  

 Treatment of bulbs and nursery stock with hot water frees them from nematodes that 
may be present within them, such as Ditylenchus dipsaci in the bulbs of various 
ornamentals and Radopholus similis in citrus rootstocks. 

 The effectiveness of this method is based on the fact that the dormant plant organs can 
withstand higher temperatures than those of their respective pathogens can do for a 
given time.  

 The temperature of the hot water used and the duration of the treatment vary with the 
different host pathogen combinations.  

 In case of loose smut of wheat, seed is kept in hot water at 50oC for 11 minutes, 
whereas bulbs treated for the control of Ditylenchus dipsaci are kept at 43oC for 3 
hours.  

 A short (15 seconds) treatment of melon fruit with hot (59 + 1oC) water rinse and 
brushes result in a significant reduction of fruit decay while maintaining fruit quality 
after prolonged storage.  

 Treated fruit had less soil, dust, and fungal spores at its surface while many of its 
natural openings in the epidermis were partially or entirely sealed. 

Hot air treatment of storage organs 

 Treatment of certain storage organs with warm air (curing) removes excess moisture 
from their surfaces and hasten the healing of wounds, thus preventing their infection 
by certain weak pathogens.  

 Keeping sweet potato at 28 to 320C for 2 weeks helps the wounds to heal and 
prevents the infection of Rhizopus and by soft rotting bacteria.  

 Hot air curing of harvested ears of corn, tobacco leaves, and so on removes most 
moisture from them and protects them from attack by fungal and bacterial 
saprophytes. 

 Dry heat treatment of barley seed at 72oC for 7 to 10 days eliminates the leaf streak 
and black chaff- causing bacterium Xanthomonas campestris pv. transluscens from 
the seed with negligible reduction of seed germination.  

Control by eliminating certain light wavelengths 

 Alternaria, Botrytis and Stemphylium are examples of plant pathogenic fungi that 
sporulate only when they receive light in the ultraviolet range (below 360 nm).  

 Diseases can be controlled on greenhouse vegetables caused by several species of 
these fungi by covering or constructing the greenhouse with a special ultraviolet 
absorbing vinyl film that blocks the transmission of light wave lengths below 390 nm. 
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Drying stored grains and fruits 

 All grains, legumes, and nuts carry with them a variety and number of fungi and 
bacteria that can cause decay of these organs in the presence of sufficient moisture.  

 Such decay, however, can be avoided if seeds and nuts are harvested when properly 
mature and then are allowed to dry in the air or treated with heated air until the 
moisture content is reduced sufficiently (to about 12% moisture) before storage.  

 Subsequently, they are stored under conditions of ventillation that do not allow build 
up of moisture to levels (about 12%) that would allow storage fungi to become 
activated.  

 Fleshy fruits, such as peaches and strawberries, should be harvested later in the day, 
after dew is gone, to ensure that the fruit does not carry surface moisture with it 
during transit, which could result in decay of the fruit by fungi and bacteria. 

 Many fruits can also be stored dry for a long time and can be kept free of disease if 
they are dried sufficiently before storage and if moisture is kept below a certain level 
during storage.  

 Grapes, plums, dates and figs can be dried in the sun or through warm air treatment to 
produce raisins, prunes, and dried dates and figs, respectively, that are generally 
unaffected by bacteria and fungi as long as they are kept dry.  

 Even slices of fleshy fruit such as apple, peaches, apricots can be protected from 
infection and decay by fungi and bacteria if they are dried sufficiently by exposure to 
the sun or to warm air currents. 

Disease control by refrigeration 

 Refrigeration is the most widely used and the most effective method of controlling 
post harvest diseases of fleshy plant products.  

 Although low temperature at or slightly above the freezing point does not kill any of 
the pathogen that may be on or in the plant tissues, they do inhibit or greatly retard the 
growth and activities of all such pathogens, thereby reducing the spread of existing 
infection and the initiation of new ones.  

 Most perishable fruits and vegetables should be refrigerated as soon as possible after 
harvest, transported in refrigerated vehicles, and kept refrigerated until used by the 
consumer.  

 Regular refrigeration of especially succulent fruits and vegetables is sometimes 
preceded by quick hydrocooling or air cooling of these products, aimed at removing 
the excess heat carried in them from the field as quickly as possible to prevent the 
development of any new and latent infections.  

 The magnitude of disease control through refrigeration and its value to growers and 
consumers is immense. 

Disease control by irradiation 

In this method, various electromagnetic radiations are used for controlling postharvest 

diseases of fruits and vegetables by killing the pathogens present on them, such as:  

 UV light 
 X-rays  
 Gamma rays  
 Particulate radiations, such as a-particles and ß-particles  
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LEGISLATIVE METHODS 

Quarantine regulation 
Quarantine can be defined as a legal restriction on the movement of agricultural commodities 
for the purpose of exclusion, prevention or delay in the spread of plant pests and diseases in 
uninfected areas.  

 Plant quarantine legislation has been placed on the statute book in most agriculturally 
advanced countries to restrict the movement of diseased plant material or of fungi, 
bacteria or viruses that can cause diseases in plants. 

 
Quarantine measures are of three types:  
i) domestic  
ii) internal 
iii) total embargoes 

 The quarantine law was first enacted in USA in 1912, and was known as 
Federal Quarantine Act.  

 In India, the Destructive Insect and Pest Act (DIPA) was passed in 1914 and 
subsequently supplemented by other provisions.  

 Such quarantine laws were first enacted in France in 1660, and in Denmark in 
1903.  

 They aimed at the rapid destruction or eradication of barberry which has been 
known since early times to harbour black rust pathogen. 

Some of the examples of disease which have been introduced into other countries are given 
below: 
Examples of plant diseases introduced in India before and after the enforcement of quarantine 
are also below:Quarantine in India 

 In India, there are 16 quarantine stations operating under the Directorate of Plant 
Protection, Quarantine and storage (DPPRS). 

 Eight at sea ports, six at airports and two on land frontiers (Hussainiwala in Ferozepur 
in Punjab , and Sukhiapokri in Darjeeling district of West Bengal) 

Destructive Insect and Pest Act 

 The DIP Act in India was passed in 1914 and has been revised many times.  
 A number of lacunae exit in the DIP Act; as a result, many serious plant pathogens 

have already been introduced in the country.  
 Golden nematode (Heterodera rostochiensis) and wart (Synchytrium endobioticum) 

diseases of potato have been introduced in India from the European countries and are 
now well established in the Nilgiri Hills and Darjeeling, respectively. 

 Timely action has prevented the spread of wart disease to other parts of India.  
 Synthytrium endobioticum was first described by Ganguly and Paul in 1953 and 

golden nematode of potato (Heterodera rostochiensis) was reported by Jones for the 
first time in India in 1961. 
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 Bunchy top disease of banana was introduced into India in 1940. By 1943, it had 
spread to a few areas in Kottayyam and has now affected an area of about 3000 square 
miles in Kerala. The disease has also spread to Tamil Nadu, Orissa, West Bengal and 
Assam. 

 In India, quarantine measures exist for two insect pests and three diseases so far.  

i) Fluted scale (Icerva purcheri)  

ii) San Jose scale (Quadraspiditus perniciosus) 

iii) Potato wart (Synchytrium endobioticum)  

iv) Bunchy top (virus)  

v) Mosaic (virus) of banana 

 
International Plant Protection Convention 
The problem of plant diseases is global. Hence, European Plant Protection Organization 
(EPPO) was formed prior to the treaty in Rome. In 1951 in Rome, an International Plant 
Protection Convention was drawn up which at present has about 50 signatory nations. 
Briefly, each contracting government agrees to make provisions for: 

i) An official protection organization with the specific basis of inspecting, rowing 
crops and the produced derived from them and issuing phytosanitary certificates. 
 

ii)  The distribution of information regarding pests and diseases both within the 
country and to other countries through FAO, so that a world reporting service is 
established. 
 

iii)  Research and investigation in the field of plant protection on a cooperative basis 
for diseases which have international effects. Within the framework of the 
international cooperation, there are six regional groups. 
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LECTURE 28 

CULTURAL METHODS OF PLANT DISEASE MANAGEMENT 

HOST ERADICATION 

Host Eradication 

When a plant pathogen enters into new area despite quarantine, a plant disease epidemic may 

occur. All the host plants infected by pathogen may have to be removed and burnt to prevent 

such epidemics. This eliminates the pathogen and prevents greater losses from the spread of 

pathogen to additional plants.  

Eradication of the crop/main host 

 This type of eradication of pathogen was done in Florida and other southern states for 
control of bacterial canker of citrus in 1915, where more than three million trees had 
to be destroyed.  

 Another outbreak of citrus canker occurred in Florida in 1984, and by 1992; and the 
disease was apparently brought under control through painful destruction of nursery 
and orchard trees in the United States.  

 Host eradication is also carried out routinely in many nurseries, greenhouses, and 
fields to prevent spread of numerous diseases by eliminating infected plants that 
provide a ready source of inoculum within this crop.  

 However, attempts to eradicate certain diseases like fire blight of apple and pear 
caused by the bacterium Erwinia amylovora and plum pox virus of stone fruits in the 
United States, and coffee rust in several South American countries to eradicate them 
have not been successful. 

Eradication of the wild/volunteer host plants 

 Certain pathogens of annual crops, e.g., Cucumber mosaic virus overwinters only or 
mainly in perennial wild plants.  

 Eradication of host in which the pathogen overwinters is sometimes enough to 
eliminate completely or to reduce drastically the amount of inoculum that can cause 
infection in the following season. 

 In some crops like potatoes, the pathogens overwinter in the infected tubers. 
 These tubers produce infected plants in the spring that allow pathogen to come on 

aboveground parts from where it can spread further by insects, rain and wind. 
 Eradication of such volunteer plants of a crop helps greatly to reduce the inoculum of 

these pathogens. 
 Eradication of alternate hosts 
 Some pathogens require alternate hosts to complete their life cycle, e.g., Puccinia 

graminis tritici requires wheat and barberry, and Cronartium ribicola requires pine and 
currants.  

 Eradication of wild or economically less important alternate host interrupts the life 
cycle of pathogen and leads to the control of the disease. 
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Crop Rotation 

 Soil borne pathogens that infect plants of one or a few species or even families of 
plants can sometimes be reduced in the soil by planting non-host crops for 3 or 4 
years.  

 Crop rotation can reduce population of pathogens (e.g., Verticillium). 

Fallowing 
The field is tilled and left fallow for a year or part of year in some cases.  

 During fallowing, pathogen debris and inoculum are destroyed by microorganism 
with little or no replacement.  

 In areas with hot summer, fallowing allows greater heating and drying of the soil, 
which leads to a marked reduction of nematodes and some other pathogens.  

 Other cropping systems utilize herbicides, reduced tillage and fallowing.  
 In such systems, certain diseases, e.g. stalk rot of grain sorghum and corn, caused by 

Fusarium moniliforme have been reduced dramatically.  
 In other diseases, such as Septoria leaf blotch of wheat and barley scab were 

increased. 

Sanitation 
Sanitation consists of all activities aimed at eliminating or reducing the amount of inoculum 
present in a plant, field or a warehouse and at preventing the spread of the pathogen to other 
healthy plants and plant products.  

 Ploughing under infected plants after harvest, such as leftover infected fruit, tubers or 
leaves, helps cover the inoculum with soil and speed up its disintegration and 
concurrent destruction of most pathogens carried in or on them. 

 Removing the infected leaves of house or garden plants helps remove or reduce the 
inoculum. 

 Infected crop debris of grasses and rice crops is destroyed by burning in some parts of 
world, which reduces or eliminates the surface inoculum of several pathogens. 

 By washing their hands before handling certain kinds of plants, such as tomatoes, 
workers who smoke may reduce the spread of Tobacco mosaic virus.  

 Disinfecting the knives used to cut propagative stock, such as potato tuber and 
disinfecting pruning shears between trees reduce the spread of pathogen through such 
tools.  

 Washing the soil of farm equipment before moving it from one field to another may 
also help in preventing the spread of pathogens present in the soil. 

Practices for Creating Conditions Unfavourable to the Pathogen 

 Stored product should be aerated properly to hasten the drying of their surface and 
inhibit germination and infection by any fungal or bacterial pathogens present on 
them.  

 The appropriate choice of fertilizers or soil amendments may also lead to change in 
the soil pH, which may unfavourably influence the development of pathogen.  
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 In the production of many crops, particularly containerized stock, using decomposed 
tree bark in the planting medium has resulted in the successful control of diseases 
caused by several soil borne pathogens, e.g. Phytophthora, Pythium and Thielaviopsis 
causing root rots , Rhizoctonia causing damping off and crown rot, Fusarium causing 
wilt, and nematode diseases of several crops. 

Polyethylene Traps and Mulches 

 Many plant viruses, such as cucumber mosaic virus are brought into crops such as 
peppers, by airborne aphid vectors.  

 When vertical, sticky, yellow polyethylene sheets are erected along edges of 
susceptible crop fields, a considerable number of aphids are attracted to and stick to 
them.  

 If reflectant aluminum or black, whitish-grey or coloured polyethylene sheets are used 
as mulches between the plants or rows in the field, incoming aphids, thrips and 
possibly other insect vectors are repelled and misled away from the field.  

 Reflectant mulches, however, cease to function as soon as the crop canopy covers 
them. 
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PRACTICES FOR EVADING OR AVOIDANCE OF THE PATHOGEN 

For several plant diseases, control depends on attempts to evade pathogens.  

 Bean anthracnose, caused by the fungus Colletotrichum lindemuthianum, and the 
bacterial blight of bean caused by bacteria Xanthomonas phaseoli and Pseudomonas 
phaseolicola are transmitted through the seed. Therefore, they can be successfully 
controlled by using disease free seed and seed treatments.  

 In many cases, the susceptible crop is planted at a great enough distance from field 
containing infected plants so that the pathogen would not infect the crop.  

 Crop isolation is practiced mostly with perennial plants, such as peach orchards 
isolated from choke cherry shrubs or trees infected with X disease phytoplasma. 

 Various activities which evade the pathogens include:  

i) Using vigorous seed  

ii) Selecting proper dates and proper sites 

iii) Maintaining proper distances between fields and between rows and plants  

iv) Planting windbreaks or trap crops  

v) Planting in well drained soil  

vi) Using proper insect and weed control  

Such practices increase the chances that the host will remain free of pathogen or at least that 
it will go through its most susceptible stage before the pathogen reaches the host. 
 
Use of Pathogen Free Seed and Propagative Material 

 Seed may carry internally one or a few fungi such as those causing anthracnose and 
smuts, certain bacteria causing bacterial wilts, spots and blights and certain viruses 
(Tobacco ring spot virus in soybean, Bean common mosaic virus, Lettuce mosaic 
virus, Barley stripe mosaic virus, Squash mosaic virus and Prunus nectroic ring virus). 
Such diseases cn be controlled effectively by producing and using disease free seed.  

 True seed, however, is invaded by relatively few pathogens, although several may 
contaminate its surface.  

 All types of pathogen can be carried in or on propagating material.  
 When a pathogen is excluded from the propagating material of the host, it is often 

possible to grow the host free of that pathogen for the rest of its life, e.g., woody 
plants, generally affected by non-vectored viruses.  

Production of pathogen free vegetative propagating material 

 Vegetative propagating material free of pathogens that are distributed systemically 
throughout the plant is obtained from mother plant that had been tested and shown to 
be free of particular pathogen or pathogens.  

 To ensure continuous production of pathogen free buds, grafts, cuttings, rootstocks 
and runners of trees, vines, and other perennials; the mother plant is indexed for the 
particular pathogen at regular intervals. 
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 For certain crops, such as potato, complex certification programmmes have been 
evolved to produce pathogen free seed potatoes.  

 For the seed to be certified the plants must show disease level no higher than those 
allowed by particular state.  

 Sometimes it is impossible to find even a single plant of variety that is free of 
particular pathogen, especially of viruses. In that case, one or few healthy plants are 
initially obtained by meristematic tissue culture which most viruses do not invade. 

Practices for the Exclusion of Pathogens from Plant Surfaces by Epidermal Coatings  

 The plants are sprayed with compounds that form a continuous film or membrane on 
the plant surface for controlling diseases of aboveground parts of plant and inhibit 
contact of pathogen with the host and penetration of host.  

 Water emulsion of dodecyl alcohol forms a high quality of lipid membrane. The 
membrane allows diffusion of oxygen and carbon dioxide but not of water. The 
membrane is not easily washed by rain and remains intact for about 15 days.  

 Kaolin based films have also proved effective in protecting apple shoot from 
becoming infected by the bacterial disease fire blight, and apple fruit from powdery 
mildew. It also protects grapevine from Pierce disease caused by Xylella fastidiosa by 
interfering with its transmission by the vector. 
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LECTURE 29 

BIOLOGICAL METHODS OF PLANT DISEASE MANAGEMENT 

BIOLOGICAL CONTROL 

Biological Control- Concept 

 Biological control of plant pathogens refers to the total or partial destruction of 
pathogen population by other organisms.  

 It occurs routinely in nature. For example, several diseases in which the pathogen can 
not develop in certain areas either because the soil, called suppressive soil, contains 
microorganisms antagonistic to the pathogen or because the plant that is attacked by a 
pathogen has also been inoculated naturally with antagonistic microorganisms before 
or after the pathogen attack.  

 Sometimes, the antagonistic microorganisms may consist of avirulent strains of the 
same pathogen that destroy or inhibit the development of the pathogen, as happens in 
hypovirulence and cross protection. 

 Agriculturalists have increased their efforts to take advantage of such biological 
antagonisms and to develop strategies by which biological control can be used 
effectively against several plant diseases.  

Suppressive Soils 

 Many soil borne pathogens, such as Fusarium oxysporum (causing vascular wilts), 
Gaeumannomyces graminis (causing take-all of wheat), Pythium spp. (causing 
damping-off) and Heterodera avenae (oat cyst nematode) develop well and cause 
severe diseases in some soils, known as conducive soils, whereas they develop much 
less and cause much milder diseases in other soils, known as suppressive soils.  

 The mechanisms by which soils are suppressive to different pathogens may involve 
biotic and/or abiotic factors and may vary with the pathogen. 

 They operate primarily by the presence in such soils of one or several microorganisms 
antagonistic to the pathogen. 

 Many kinds of antagonistic microorganisms have been found to increase in 
suppressive soils; such as Trichoderma, Penicillium, and Sporidesmium, or bacteria 
Pseudomonas, Bacillus and Streptomyces. 

Reducing Amount of Inoculum through Antagonistic Microorganisms 
a) Control of soil borne pathogens  

 Several non-plant pathogenic oomycetes and fungi including some chytridiomycetes 
and hyphomycetes, and some pseudomonad and actinomycetous bacteria infect the 
resting spores of several plant pathogenic fungi.  

 Among the most common mycoparasitic fungi are Trichoderma sp., mainly T. viride 
and T. harzianum.  

 It parasitizes mycelia of Rhizoctonia and Sclerotium and inhibits the growth of many 
oomycetes such as Pythium, Phythophthora, and other fungi, e.g., Fusarium and 
Heterobasidion (Fomes). 



Fundamentals of Plant Pathology 

 

www.Agrimoon.com Page 141 

 Other common mycoparasitic fungi are Laetisaria arvalis (Corticium sp.), a 
mycoparasite and antagonist of Rhizoctonia and Pythium; Sporidesmium 
sclerotivorum, Gliocladium virens and Coniothyrium minitans. 

b) Control of aerial pathogens 

 Many fungi have been shown to antagonize and inhibit numerous fungal pathogens of 
aerial plant parts.  

 Chaetomium globosum and Athelia bombacina suppress Venturia inaequalis ascospore 

and conidia production in the fallen and growing leaves, respectively.  
 Tuberculina maxima parasitizes the white pine blister rust fungus Cronartium ribicola.  
 Darluca filum and Verticillium lecanii parasitize several rusts. 

Control through Trap Plants 

 If a few rows of rye, corn, or other tall plants are planted around a field of beans, 
peppers, or squash, many of the incoming aphids carrying viruses that attack the 
beans, peppers, and squash will stop and feed on the peripheral taller rows of rye or 
corn. 

 Trap plants are also used against nematodes which are sedentary endo- or ecto-
parasites. 

 Crotolaria plants trap the juveniles of root- knot nematodes. 

Control through Antagonistic Plants 

 Plants such as asparagus and marigold are antagonistic to nematodes 
 They release substances in the soil that are toxic to several plant parasitic nematodes. 

Use of Resistant Varieties 

 Grow varieties that have both vertical (initial inoculum- limiting) and horizontal (rate 
limiting) resistance and most resistant varieties have both type of resistance.  

 Many of them carry only one or a few genes of vertical resistance and an unspecified 
number of genes of horizontal resistance.  

 Such varieties are resistant only to some of the races of pathogen and if the pathogen 
is air borne, a new race can be brought in easily as happens with cereal rusts, powdery 
mildews and Phytophthora infestans.  

 The new race virulent to the resistant variety may appear and become wide spread in 
this way.  

Use of transgenic biocontrol microorganisms 

 Genetic engineering techniques have been used to add new genes or to enhance the 
genetic make up of the biocontrol organisms so that it may attack the pathogen better.  

 Such genes may be of plant or microbe origin that code for toxins, enzymes, and other 
compounds affecting the pathogen adversely, or regulatory genes that over-express 
appropriate biocontrol genes already present in that organism. 

 



Fundamentals of Plant Pathology 

 

www.Agrimoon.com Page 142 

Direct protection by biological control agents 

The most commonly used microorganisms include:  

 Gliocladium virens, for the control of seedling diseases of ornamental and bedding 
plants  

 Trichoderma harzianum, for the control of several plant pathogenic fungi 
 Trichoderma polysporum, for the control of wood decays  
 Agrobacterium radiobacter K-84, for the control of crown gall 
 Pseudomonas fluorescens, against Rhizoctonia and Pythium causing damping off and 

other diseases 
 Bacillus subtilis, used as a seed treatment 

Biological Control of Postharvest Diseases through Fungal and Bacterial Antagonists 

 Post harvest rots of several fruits could be reduced by spraying the fruits with spores 
of antagonistic fungi and saprophytic yeasts at different stages of fruit development, 
or by dipping the harvested fruit in their inoculum.  

 Yeast treatments reduced post harvest rotting of peach and apple.  
 Botrytis rot of strawberries was reduced by several sprays of Trichoderma spores on 

strawberry blossoms and young fruits.  
 Several antagonistic yeasts protected grapes and tomatoes from Botrytis, Penicillium, 

and Rhizoctonia rots.  

Biological Control of Postharvest Diseases through Fungal and Bacterial Antagonists 

 In bacterial antagonists, Pseudomonas protected lemons from Penicillium (green 
mould) and pear from various storage rots.  

 Two Pseudomonas syringae strains control the post harvest decay in citrus, apple and 
pear under the trade name Bio-Save.  

 Stone fruits such as peaches, nectarines, apricot and plums when treated with 
suspensions of the antagonistic bacterium Bacillus subtilis, they remain free from 
brown rot, caused by the fungus Monilinia fructicola for nine days.  

 Bacillis subtilis also protected avocado from storage rots. 
 Pseudomonas protected lemons from Penicillium (green mould) and pear from 

various storage rots.  
 Two Pseudomonas syringae strains control the post harvest decay in citrus, apple and 

pear under the trade name Bio-Save.  
 Stone fruits such as peaches, nectarines, apricot and plums when treated with 

suspensions of the antagonistic bacterium Bacillus subtilis remain free from brown 
rot, caused by the fungus Monilinia fructicola up to nine days.  

 Bacillus subtilis also protects avocado from storage rots. 
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LECTURE 30 

CHEMICAL CONTROL OF PLANT DISEASES 

PESTICIDES AND METHODS OF APPLICATION 

Chemicals used for controlling insect pests, diseases and weeds are known as pesticides; and 
those used for controlling fungal diseases are called fungicides, those used against viruses are 
called viricides. Antibiotics are generally used for controlling bacterial diseases.  

 One of the important or common mean of controlling the plant diseases is through 
chemical compounds which are toxic to the pathogens.  

 These chemicals inhibit the germination, growth and multiplication of the pathogen or 
are lethal to the pathogen.  

Classification of Chemical Pesticides 

 Depending upon the pathogens they affect, they may be classified as fungicides, 
bactericides, nematicides, viricides etc.  

 Out of these, some chemicals are broad-spectrum and they are toxic to all pathogens.  
 Most of the chemicals used in plant protection are foliar and are used as aboveground 

parts of the plants.  
 Some of them are soil disinfectants, and some are used as protectants for seed, tubers 

and culms etc. There are some of the chemicals which have been used prior to disease 
spread.  

 A few chemicals are aimed to eradicate the general inoculum before it comes in 
contact with the plant hosts. They are called eradicants or chemotherapeutants. 

Methods of Applications of Fungicides 
Spraying and dusting 

 Most important method of applying chemicals on the aerial plant parts which are 
exposed to different pathogens.  

 Different chemicals particularly fungicides are sprayed either as protective, curative or 
post-symptom treatments. 

 These chemicals provide a continuous covering on the vulnerable plant surfaces and do 
not allow the plant pathogens particularly fungi to invade them.  

 They also eradicate the already established infections and reduce the secondary 
inoculum.  

 Different equipments are available for high, low and ultra-low volume sprays in the 
field.  

 Fungicides generally used as sprays are mancozeb, carbendazim, dodine, etc. 
 Sulphur and copper fungicides can also be dusted on the crops for controlling some 

diseases under high humidity conditions. 

Soil treatment 

 Vegetables, ornamentals and trees are attacked by many pathogens which are present in 
the soil, like Fusarium and Verticillium and some bacteria. 
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 Different chemicals are used as soil drench, dust or granules inside the soil at the time 
of planting of the nursery or seedlings to control damping off, seedling blight, crown 
and root rot and many other soil borne diseases.  

 These chemicals can also be applied with the irrigation water, wherever the irrigation is 
possible, especially with the drip irrigation system. 

 Fungicides such as captan, metalaxyl, PCNB and chloroneb, etc. can be used as soil 
treatment to overcome above diseases.  

Fumigation 

 Most important method for controlling the nematodes and other soil borne diseases, 
and chemicals thus used are known as fumigants. 

 Fumigants like formalin, chloropicrin, methyl-bromide, dazomet and metham sodium 
are now being used as fumigants in plant protection programmes.  

 These chemicals are used as volatile or in gaseous form in the soil and are useful 
against various groups of organisms like nematodes, insects, fungi certain bacteria and 
weeds.  

Disinfection of warehouses 

 Stored products are the carrier of inoculum of many pathogens for the next season.  
 These materials should be first treated with such chemicals before they are used for 

next planting season.  
 The storage areas like rooms and the walls should also be bleached or treated with 

copper sulphate solution or some other sanitizing agents. 

Seed treatment 

 Seeds, tubers, bulbs and roots are usually treated with chemicals to prevent the pre- and 
post-emergence damping off of the young seedlings.  

 These chemicals prevent the disease inoculum carried on the planting material.  
 Since 1970‘s seed material is treated with the systemic fungicides to control and 

inactivate the pathogen in infected seed, e.g., carboxin for the control of loose smut of 
wheat, metalaxyl for the downy mildew of oats, etc.  

 The fungicides used for seed treatment are chloroneb, captan, maneb, mancozeb, 
PCNB carboxin, benomyl, thiabendazole and triadimenol.  

 Some are used for specific diseases and a few of them are used for controlling various 
type of diseases caused by fungi. 

 They are applied directly on seed as dust or as thick water suspension mixed with the 
seed or tossed soaking with the chemical solution which is allowed to dry thereafter.  

Tree wound treatment 

 Fruit plants are often prone to cuts and wounds during the dormant period when they 
are pruned.  

 The exposed portion of the plant is first sterilized by swabbing it with antiseptic 
solution of either sodium hypochlorite or ethyl alcohol.  

 Finally, the entire wounded portion is painted with permanent tree wound dressing 
such as lanolin paste, Chaubattia paste or Bordeaux paste/ paint.  
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Post harvest treatment 

 There are number of fungicides evolved for the control of post harvest diseases.  
 Most of them are used as dilute solutions into which the fruits or vegetables are dipped 

before storage or as solution used for the washing of fruits and vegetables immediately 
after harvesting.  

 Among the compounds used for commercial control of post harvest diseases of fruits 
are borax, biphenyl, sodium o-phenylphanate and widely used fungicides benomyl, 
thiabendazole and imazalil. 
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TYPES OF CHEMICAL COMPOUNDS USED FOR PLANT DISEASE 
CONTROL 

A. Inorganic chemicals 
i) Copper compounds 

ii) Inorganic sulphur  

iii) Carbonate compounds  

iv) Phosphate and phosphonate compounds  

 

Copper compounds 

 The Bordeaux mixture (copper sulphate + calcium hydroxide), named after the 
region of Bordeaux of France, where it was developed against the downy 
mildew of grapes.  

 It is still a widely used fungicide to control many diseases like bacterial leaf 
spot, blights, anthracnose, downy mildews and cankers throughout the world.  

 Phytotoxicity of Bordeaux mixture can be reduced by increasing the ratio of 
hydrated lime to the copper sulphate. 

 Copper oxychloride (Brand names: Blitox 50, Blue copper, Fytolan, etc.) is 
used to control diseases caused by oomycetes and cankers of fruit trees.  

Inorganic sulphur 

 Elemental sulphur is known as the oldest fungicide. 
 It is used as a dust, wettable powder, paste or liquid formulation. 
 It primarily controls powdery mildews, certain rusts, leaf blights and fruit rots.  
 These are available in different trade names like Sulfex, Wettasul, Cosavet etc. 

Carbonate compounds 

 Sodium bicarbonate, as well as bicarbonate salts of ammonium, potassium and 
lithium are used as fungicides. 

 These compounds plus 1 per cent superfine oil are inhibitory and fungicidal to 
the powdery mildew fungi on roses, grey mould and southern blight fungus. 

Phosphate and phosphonate compounds 

 Spraying cucurbits or grapevines with either of monopotassium or dipotassium 
phosphate gives satisfactory control of powdery mildew diseases of these two 
hosts. 

 
B. Organic Chemicals 
i) Organic sulphur compounds or dithiocarbamates  

ii) Quinones  

iii) Aromatic compounds 

iv) Heterocyclic nitrogenous compounds 
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Organic sulphur compounds or dithiocarbamates 

 Organic sulphur compounds form the most versatile and widely used group of 
modern fungicides.  

 This group includes thiram, ziram, ferbam, nabam, maneb, mancozeb and 
zineb.  

 They are the derivatives of dithiocarbamic acid which are toxic to fungi due to 
isothiocynate radicals and inactivate the sulphydral (SH) group in amino acids 
and enzymes within the fungus cells. 

Quinones 

 Quinones occur naturally in many plants and are used as fungicides.  
 Only two quinone compounds chloranil and dichlone are used. 

Aromatic compounds 

 Many unrelated compounds that have benzene ring in centre are toxic to 
microorganisms, and several of them have been used as fungicide.  

 Penta-chloro-nitro benzene (PCNB) sold as Brassicol is a long lasting soil 
fungicide which controls various soil borne diseases of vegetables and 
ornamentals and is applied as dip or furrow treatment.  

 Another fungicide dichloran (DCNA) sold as Botran is widely used against 
diseases caused by Botrytis, Sclerotinia and Rhizopus.  

 Chlorothalonil available as Bravo, Daconil and many other brand names is 
excellent broad-spectrum fungicide and is used against many leaf spots, blights, 
downy mildews, rusts, anthracnose, scab and fruit rots of fruits and vegetables.  

 Biphenyl is used against various diseases caused by Penicillium, Diplodia, 
Botrytis and Phomopsis in case of citrus. 

Heterocyclic nitrogenous compounds 

 This group includes important fungicides, like captan, captafol and folpet.  
 Captan is excellent fungicide for control of leaf spots, blights and rots of many 

fruits and vegetables and is used as seed treatment and foliar spray. 

 
Systemic Fungicides 
Acylalanines 

 Most important fungicide in this group is metalaxyl which is effective against 
oomycetes, like Pythium, Phytophthora and downy mildews. 

Benzimidazoles 

 They include some of the systemic fungicides like benomyl, carbendazim, 
thiabandazole and thiophanate methyl.  

 Benomyl (which is sold as Benlate) and carbendazim (sold as brand names, like 
Bavistin, etc.) control various types of diseases like leaf spots, blights, rots, 
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scab and seed borne diseases; but are not effective against oomycetes and dark 
colour spore forming fungi including Alternaria spp.  

 They are effective against powdery mildews on many crops, apple scab and 
brown rot of stone fruits.  

 Thiophanate methyl sold as Topsin M, is a broad-spectrum fungicide is also 
used against powdery mildew of various crops. 

Oxanthiins 

 They were the first to be discovered as having systemic fungicide activity.  
 Carboxin is sold as Vitavax used against damping-off disease caused by 

Rhizoctonia and various smuts of grain crops. 
 Oxycarboxin- marketed as Plantvax is effective against wheat rusts. 

Organophosphates 

 They include primarily fosetyl-Al, sold as Aliette which is very effective 
against many foliar, root and stem diseases caused by oomycetes such as 
Pythium, Phytophthora, and downy mildews in a variety of crops. 

 Fosetyl-Al has been reported to stimulate defence reactions and the synthesis of 
phytoalexins against oomycetes. 

Pyrimidines 

 They include dimethirimol (Milcurb), ethirimol (Milstem) and bupirimate 
(Nimrod), all of which are effective against powdery mildew of various crops.  

 Fenarimol (Rubigan) and Nuarimol (Trimidal) are effective against powdery 
mildew and also other scab, leaf spot, rust and smut diseases. 

Triazoles 

 Triazoles (-conazoles or imidazoles) include several excellent systemic 
fungicides such as triadimefon, bitertanol, difenoconazole, propiconazole, 
myclobutanil, cyprconazole and tebuconazole, etc.  

 They show long protective and curative activity against broad-spectrum of 
foliar, root and seedling diseases like leaf spot, blights, powdery mildew and 
rusts causing fungi.  

 They can be applied as foliar as well as seed and soil treatments. 

Strobilurins  

 These are the latest fungicides, also known as QoI fungicides.  
 The most important strobilurin fungicides are azoxystrobin, trifloxystrobin and 

kresoxim methyl.  
 These strobilurins can be used for controlling the diseases of grapevines, pome 

and stone fruits, cucurbits, sugar beet and rice. 

 

******<. .>****** 
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LECTURE 31 

USE OF RESISTANT VARIETIES IN PLANT DISEASE MANAGEMENT  

RESISTANCE 

Introduction 

 Use of resistant varieties for crop cultivation provides the most cost-effective, the 
easiest, and the safest of all the methods used for disease control.  

 Both from economic point of view, and the possible health hazards involved in some 
of other methods of disease control, this can probably be termed as the ―painless 
method‖. This approach costs little to the farmer and is, therefore, suitable for the 
developing countries like India.  

 Cultivation of resistant varieties provides probably the only means of producing 
acceptable yields without using toxic compounds for many diseases like the vascular 
wilts, viral diseases, cereal rusts, powdery mildews, and root rots, etc. 

 Several other kinds of fungal diseases and also many others caused by bacteria, 
nematodes, and viruses are best controlled by this approach.  

 However, resistant varieties could be effectively used only in limited number of cases 
against the diseases of forest and fruit trees, e.g., blister rust of white pine 
(Cronartium ribicola), fusiform rust of pine (C. quercuum f. sp. fusiforme), and apple 
scab (Venturia inaequalis).  

 It is always preferable to use resistant host varieties that have both vertical and 
horizontal resistance.  

 Most resistant varieties have only one or few (2 - 3) genes for vertical resistance 
(mono- or oligogenic resistance, respectively) and an unspecified number of genes for 
horizontal resistance (polygenic resistance).  

 Where inoculum production is rapid and its buildup high, and it is air borne, new 
races of the pathogen may appear quite often and soon become widespread. Such 
examples are cereal rusts, powdery and downy mildews and late blight of potato.  

Resistance break down 

 As the new race takes over, resistance of the old variety is no longer effective. 
 Depending on the genetic plasticity of the pathogen and the particular gene or 

combination of genes involved in host resistance, resistant varieties with only vertical 
resistance, need to be replaced periodically.  

 This means that breeding programmes for new resistant varieties has to continue so 
that some new varieties can be kept in readiness for the replacement of the old ones in 
case of any eventuality.  

 It is hoped that genetic engineering techniques would come to the aid of such 
breeding programmes and make it possible for a quick transfer of individual genes or 
a combination of such genes to preferred susceptible host varieties in a much shorter 
time. 
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Maintenance of resistance 

 Disease management strategies, such as sanitation, seed treatment or use of fungicide 
reduce the exposure of resistant variety to large pathogen population. 

 For pathogens with low inoculum production and slow dispersal rate, resistance of the 
host variety usually lasts longer.  

 The use of varietal mixtures has been widely used in a variety of crops as a possible 
measure in disease control in cereals, legumes and potatoes.  

 A cultivar mixture is simply compounded by mixing seeds of cultivars on the basis of 
their predicted performance.  

 Diversification of resistance naturally presents the pathogen with a difficult target 
than in the traditional monoculture. 

Multiline varieties 

 Jenson (1952) first proposed the idea of multiline varieties that is a composite of 
various isogenic lines sharing most agronomic characters, but carrying different genes 
for vertical resistance in one or a few of its constituents of the multiline variety.  

 Use of multiline variety results in overall reduction of pathogen for a disease, which 
consequently reduces the rate of disease and also the inoculum presence on each of 
the component varieties.  

 The most fully developed multiline programme involved wheat rusts and crown rust 
of oats.  

 Multilines can delay the onset of disease and also reduce the rate of an epidemic.  
 If a constituent variety loses its resistance to a new race of the pathogen, it can be 

replaced by a suitable alternative line. 
 There are, however, certain limitations on the use of multiline varieties.  
 The components must be distinct from each other, have different race-specific genes, 

and also ripen simultaneously.  

Reliable resistance 

 It is now accepted that crop resistance based on single or few vertical resistant genes 
is liable to become nonfunctional soon, mostly within 4 years.  

 In the long run, the production of varieties with many additional genes for horizontal 
resistance may perhaps provide the only answer.  

Breeding of resistant varieties 

 Quite early in the twentieth century it became evident that breeding of resistant plant 
varieties was possible, and this provided the most desirable approach to plant disease 
control.  

 The environment pollution in chemical control further highlighted the importance of 
such breeding.  

 Plant breeding represents the most significant form of biological control of plant 
diseases.  

 Genetic diversity can be regularly introduced into the plant genome through such 
breeding programme.  
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 Cultivated crop plants that we see today represent the results of natural selection or 
selection and breeding of different lines that evolved naturally in different regions 
over many thousands of years.  

 It has been a very slow process.  
 Many of them still exist as wild types at the place of their origin and have survived 

over such long periods in attack of various pathogens, because of many resistance 
genes they carried and also gradually acquired through natural crossing within the 
plant population.  

 Weak and susceptible ones were eliminated in course of time.  
 The survivors had sets of major and minor genes for resistance and much genetic 

diversity, adapted to the local health environment and suited to the needs of local 
population.  

 Numerous varieties of each crop plant are cultivated throughout the world and they 
represent a non-uniform population.  

 Widespread systematic efforts of plant breeders all over the world have further 
increased this diversity.  

 Now, biotechnology has come in a big way with techniques aimed at further 
increasing this.  

 The first step in breeding for disease resistance is mostly to decide on type and level 
of resistance required and whether the pathogen is seed-, soil- or air-borne.  

 The decision will depend on the availability of a suitable source of resistance and 
whether or not it can be manipulated in a breeding programme.  

 Many plant diseases cannot yet be properly controlled by host resistance, for example, 
powdery mildews of cereals, as this is complicated by pathogenic specialization and a 
complex resistance pattern. 

Source of resistance 

 Search for resistance is initially restricted to crop cultivars currently in use locally.  
 Search has to be widened to include varieties grown in the adjacent regions, wild 

plant relatives, and species growing in the area where the disease is severe, or where 
the disease is originated.  

 Plant breeders often take recourse to creation of new resistant genotypes for this 
purpose by inducing mutation or approach gene banks maintained in different 
countries.  

 Larger public collections are maintained in different countries. 
o United States Department of Agriculture (USDA) for many crop species at 

Beltsville, Maryland, USA 
o CIMMYT at Londres, Mexico, for maize and wheat 
o International Rice Research Institute (IRRI) at Los Bagos, Phillippines, for 

rice 
o International Crop Research Institute for Semi Arid Tropics (ICRISAT) at 

Hyderabad, India, for legumes and small grain cereals.  
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METHODS OF DEVELOPING RESISTANCE 

There are three common methods of developing resistance in the host. 
i) Selection  

ii) Hybridization  

iii) Mutation 

 Selection is an old practice of developing resistant varieties. When a large number of 
individuals grow under disease favourable environment, some individuals show some 
resistance to the disease which might be selected and tested again before 
recommendation as a resistant variety.  

 Hybridization involves the crossing of two individuals (parents) with good 
commercial qualities lacking resistance to specific pathogens and another, a source of 
resistance lacking desired commercial traits.  

 The source of resistance can be obtained by selection from variety or species much 
prevalent in the area.  

 If such variety is not available in the area under cultivation in cultivated varieties or 
species, the desired individual can be obtained from some other species or related 
wild plants. 

 Successful crossing of wild Lycopersicon pimpinellifolium with cultivated tomato 
Lycoperiscon esculentum has produced material for the development of varieties 
resistance to Fusarium wilt. 

 The varieties developed by hybridization and selection for disease resistance in 
different vegetables are: Tomato (Hisar Anmol, Hisar Gaurav, H-86 and H-88 against 
Tomato leaf curl virus), brinjal (Pant Rituraj against bacterial wilt), pea (Palam Priya, 
JP 83 against powdery mildew), cowpea (Pusa Komal against bacterial blight), 
cauliflower (Pusa Shubhra against black rot and curd and inflorescence blight), 
cabbage (Pusa Mukta against black rot, Pusa Drumhead against black leg), 
watermelon (Arka Manik against anthracnose, powdery mildew and downy mildew), 
etc. 

 Mutation is a sudden heritable change in the genetic makeup of the individual plant. 
In nature, chance mutations are possible, however, little success has been found for 
developing resistant varieties by this method in the field. The variety Pusa Parvati of 
French bean resistant to mosaic and powdery mildew diseases; and variety Punjab 8 
(EMS 8) carrying field resistance to yellow vein mosaic have been developed by this 
method. 

 Newly developed resistant plants have to be tested for resistance after artificial 
inoculation with the pathogen or natural infection under field conditions.  

 Recently, molecular markers have been used in place of such inoculation for the 
selection of resistance, at least in the early stage of breeding.  

 Resistance is not always stable and may also fail to function under certain conditions.  
 To minimize such possibilities, precise standards have been set in respect of 

conditions for inoculation, environmental conditions in which inoculated plants are to 
be kept, and assessment of disease symptoms and incidence.  
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While searching for resistant genotypes, selection is done from existing crops in the 
following way: 
i) Mass selection 

ii) Pure line selection 

iii) Pedigree selection 

iv) Bulk hybrid method 

v) Recurrent selection 

vi) Other techniques 

 
Mass selection 

 Seeds are collected in mass from some selected, highly resistant plants surviving in a 
cropped field where natural infection occurs regularly, and seeds are composited after 
harvest for use in the next season.  

 This method is no doubt simple, but plant improvement is slow. Further, in cross-
pollinated plants there is no control over the source of pollen. 

 In onion, the variety Arka Kalyan is resistant to purple blotch and is developed by 
mass selection only. 

Pure line selection 

 In pure line selection, seeds are collected only from individual highly resistant plants, 
and the progenies are grown separately. 

 They are repeatedly inoculated with the target pathogen for disease resistance.  
 This method is very effective for self-pollinated crops but not so with cross-pollinated 

ones.  
 No new genotype is created by this method, which simply isolates the best genotype 

present in a mixed population.  
 This, however, represents a more rapid method than allowing natural selection to take 

place and eliminates the more susceptible genotypes.  
 Traditionally, mass or pure line selection methods are adopted for heterogenous plant 

populations. In chilli, the varieties G 4 is fairly tolerant to diseases, NP 46A is tolerant 
to virus, Arka Lohit is tolerant to powdery mildew and Musalwadi Selection is 
tolerant to powdery mildew and dieback diseases. These varieties were developed by 
pure line selection method. 

Two more procedures of selection are commonly followed after hybridization to sort out 

desirable genotypes from the segregating progeny. These are pedigree selection and bulk 

hybrid methods. 

 

Pedigree selection 

 In this method of selection, plants with desired combination of characters are selected 
in the F2 generation after hybridization between two homozygous lines carrying 
different genes for resistance.  

 Their progenies are propagated separately and inoculated, and the progenies of each 
selected plants are maintained in succeeding generations for resistance.  
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 These steps are continued up to F7 or F8 generation, when a high degree of 
homozygosity is achieved. This method takes advantage of the phenomenon of 
heterosis (hybrid vigour).  

 The disease resistant varieties developed by pedigree selection in different vegetables 
are: Chilli (Pant C1 tolerant to chilli viruses; Punjab Lal resistant to TMV, CMV and 
leaf curl viruses; Jawahar 218 tolerant to leaf curl and fruit rot; Pusa Sadabahar, 
Jwalamukhi and Jwala Sakshi resistant to viruses), Okra (Parbhani Kranti, Arka 
Abhay, Arka Anamika and Punjab Padmini highly tolerant to YVMV), etc. 

Bulk hybrid method 

 This method is practiced following hybridization between two selected parents. 
 Their seeds are bulked, grown out again, and the process is repeated.  
 At each generation, plants are exposed to natural infection or artificial inoculation 

with the pathogen and reselected for resistance. 

Recurrent selection 
When it is desired to quickly introduce a single simply inherited, dominant, resistant 
character into an existing susceptible plant with desirable agronomic qualities, a back-cross 
or recurrent selection is adopted. This involves a succession of crossing of the ‗donor‘ plants 
with the dominant resistant progeny with the existing cultivar, i.e. the recurrent parent, 
ultimately consolidates the resistant gene in the genetic background of the desirable 
susceptible variety. However, this method is time-consuming, and not equally effective in all 
cases, particularly for the self-pollinated plants. 
 
Other techniques 
Some other techniques are also occasionally used for introducing disease resistance in plants.  

 Both natural and artificially induced mutants that exhibit improved resistance and a 
change in the chromosome number in plants or production of euploids (4N, 6N) or 
aneuploids (2N + 1 or 2 chromosomes) by the use of mutagenic chemicals like 
colchicine have also shown good effect in some cases. 
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LECTURE 32 

INTEGRATED PLANT DISEASE MANAGEMENT 

INTRODUCTION 

Integrated Disease Management 
Integrated disease management (IDM) came under focus in 1960‘s when chemicals 
especially, fungicides and insecticides came under the attack from environmentalists due to 
the overuse of chemicals that created the problems of environmental pollution, chemical 
residues in food stuff, land, water and air, and the associated health hazards.  

 It focused on the other methods of disease control.  
 It involved cultural, biological, epidemiological and alternative means to achieve the 

disease control.  
 Nowadays, there is an emphasis on disease ―management‖ rather than on ―Control‖. 

Definition of IDM 
―Disease management system that in the context of associated environment and population 
dynamics of microorganisms, utilizes all suitable techniques and methods in a manner as 
compatible as possible and maintains the disease below economic level‖.  

 In general, it is the integration of all possible and suitable management techniques for 
the control of diseases.  

 The practices which need to be avoided in IDM are indiscriminate use of fungicides, 
monoculture and growing of susceptible cultivars.  

 Integrated disease management ensures the proper management of soil health, use of 
healthy seeds and planting material, application of fungicides when required, field 
sanitation, cultural practices which suppress the disease , use of bio-control agents and 
growing resistant plant genotypes . 

Different Approaches of Integrated Disease Management System 

1. The combined control approach: It is a combination of control methods like 
adjustment in sowing time, seed treatment, use of resistant variety, chemical spray 
schedule etc. This type of IDM is widely practiced as a package of practice where the 
occurrence of disease is certain and sure. 

2. The surveillance based approach: It is an advanced IDM approach based on crop 
health monitoring and surveillance, and takes into account the economic threshold 
levels or economic damage levels.  

3. Advanced integrated disease management system: It involves the high input 
technology like computer supported forecasting, remote sensing, scouting, multiple 
pathogen thresholds, information on life cycle of pathogens, epidemiology of 
diseases, environmental factor and knowledge based decision making. 
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MAIN COMPONENTS 

Main components of integrated disease management (IDM) 
1. Host resistance 
2. Induced systemic resistance 
3. Genetically improved plants  
4. Cultural practices  
5. Physical methods  
6. Plant nutrition 
7. Biological control 
8. Use of pesticides of plant origin 
9. Judicious use of chemicals 
 
Host resistance 

 Resistant varieties can be the simple, practical, effective and economical method of 
plant disease control.  

 Apart from ensuring protection from diseases, they can also save time, money and 
energy spent on other methods of control and avoid environmental pollution with 
chemicals.  

 They are the only practical method of controlling such diseases as wilts, rusts and 
others caused by viruses in which chemical control is very expensive and impractical.  

 In low value crops, where other methods are often too expensive, development of 
varieties resistant to common and important diseases can be an acceptable 
recommendation for the farmers.  

 Disease resistance in plants is also governed by their genetic constitution and can be 
monogenic, oligogenic or polygenic.  

Advantages of host plant resistance  

 No adverse effect on environment and man, rather the resistant cultivars put a 
constant and cumulative effect on pathogen. 

 Host plant involves no extra cost to the farmers and does not require inputs and 
application skills. 

 
 
 
 
Disadvantages of host plant resistance  

 The development of pathogen resistant variety takes 5-10 years.  
 Host plant resistance can put a selection pressure on pathogen to the extent that it may 

lead to the evolution of new biotypes of pathogen. 
 Introduction of varieties with resistance to one pathogen leads to the emergence of 

new pathogen problem because of the absence of competition from the key pathogen. 

Induction of host resistance 
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 Plants actively respond to a variety of environmental stimuli, including gravity, light, 
temperature, physical stress, water and nutrient availability.  

 Plants also respond to a variety of chemical stimuli produced by soil- and plant-
associated microbes.  

 Such stimuli can either induce or condition plant host defence through biochemical 
changes that enhance resistance against subsequent infection by a variety of 
pathogens.  

 Induction of host defence can be local and/or systemic in nature depending on the 
type, source, and amount of stimuli.  

 The systemic acquired resistance (SAR) is mediated by salicylic acid (SA), a 
compound which is frequently produced following pathogen infection and typically 
leads to the expression of pathogenesis-related (PR) proteins.  

 These PR proteins include a variety of enzymes, some of which may act directly to 
lyse the invading cells, reinforce cell wall boundaries to resist infections, or induce 
localized cell death.  

 Whereas, the induced systemic resistance (ISR) is mediated by jasmonic acid (JA) 
and/or ethylene, which are produced following applications of some non-pathogenic 
rhizobacteria.  

 Interestingly, the SA- and JA- dependent defense pathways can be mutually 
antagonistic, and some bacterial pathogens take advantage of this to overcome the 
SAR.  

 Pathogenic strains of Pseudomonas syringae produce coronatine, which is similar to 
JA, to overcome the SA-mediated pathway.  

 Because various host-resistance pathways can be activated to varying degrees by 
different microbes and insect feeding, it is plausible that multiple stimuli are 
constantly being received and processed by the plant.  

 Thus, the magnitude and duration of host defence induction will likely vary over time.  

Genetically improved plants 

 Genes from plants, microbes and animals can be combined and introduced in to the 
living cells of other organisms, and the organisms that have genes from other species 
inserted into their genome are called transgenics.  

 Production of disease resistant transgenic plants has been achieved by this method; 
certain genes are inserted in to plant genome that confer resistance to pathogens such 
as viruses, fungi and insects.  

 These transgenic plants reduce the pesticide use and thereby provide environmental 
benefits while reducing farmers cost.  

 Genetically modified plants are generally used to control the viral diseases, e.g., a 
transgenic papaya cultivar ‗Rainbow‘ has been developed which is resistant to papaya 
ring spot virus in the US. 

 
Integration of different cultural practices  

 Different cultural practices like crop rotation, mulching, tillage, different soil 
amendments, soil solarization, soil sterilization, change in date of sowing, plant 
spacing etc. when applied alone are able to control diseases up to some extent; but 
when these cultural practices are combined with each other, they not only control the 
diseases but also increase the yield of crops.  
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 The inter-cropping of maize and sorghum with peppers serves as barriers against the 
aphid vectors of pepper veinal mottle virus and reduces the virus spread.  

 Soil solarization for 40 days along with the addition of cabbage, cauliflower, broccoli 
and sarson leaf residues controlled the gladiolus wilt (Fusarium oxysporum f.sp. 
gladioli) by 74.6% whereas soil solarization (for 40 days) alone reduced the gladiolus 
wilt by 67.3% compared to the un-solarized control. 

Physical methods of disease control 

 Solar heat treatment of the water soaked wheat seed in May-June for 5-6 hours 
provides good control of loose smut of wheat.  

 Most of the post harvest diseases can be avoided by irradiation, refrigeration, 
Controlled Atmosphere Storage etc.  

 Soil solarization has been used to control soil borne diseaseS caused by otherwise 
difficult to control fungi, e.g., Rhizoctonia solani, Fusarium spp., Sclerotium etc .  

 In this the soil beds are first irrigated and then covered with thin (20 µm) transparent 
mulch in the months of April, May and June.  

 It raised the soil temperatures in some cases up to 500C, which is deleterious to many 
plant pathogens in the soil.  

 It has been used in raising disease free nursery in tropical and subtropical climatic 
areas. It also provides excellent weed control.  

 Hot water treatment of cabbage seed at 520C for 15-20 minutes controls black rot 
disease (caused by Xanthomonas campestris pv. campestris).  

Plant nutrition 

 The nutrition of crop plants has direct effect on the diseases, and is an important 
component of integrated disease management (IDM).  

 Both deficient and over-nourished plants invite high incidence of diseases as well as 
loss in yield and quality of produce and products.  

 The amount, proportion, time and method of application of fertilizers affect the 
metabolism of plants and thus occurrence and severity of diseases.  

 Fertilization with both P and K significantly reduces the leaf rust damage and 
powdery mildew infection in wheat.  

 The deficiency of macronutrients may also affect the incidence of many diseases.  
 Potassium (K) plays an important role in survival of crop plants under environmental 

stress conditions. 
 Potassium also affects the reaction of plants to pests or diseases by having direct 

effect on the pathogen number, development, multiplication, survival, vigour and 
length of life cycle.  

 
 
 
 
Biological control 

 Biocontrol agents are used as a core component of integrated disease management 
system. 
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 The science and art of using living organisms as biocontrol agents is an important 
component of environment friendly disease management procedures.  

 These biocontrol agents are of enormous value in integrated diseases management for 
sustainable agriculture where they often replace the need of fungicides.  

 The biocontrol agents either suppress the pathogen growth either by the antibiotic 
production, hyperparasitism or by competition.  

 Various biocontrol agents used in control of various diseases are Bacillus subtilis, 
Pseudomonas fluorescens, Gliocladium spp., Trichoderma spp., Chaetomium 
globosum, Pseudomonas cepacia, Bacillus cereus, Agrobacterium radiobacter etc.  

 Trichoderma viride is the most important and versatile biocontrol agent used for the 
control of a number of plant pathogens like Rhizoctonia solani and Sclerotium rolfsii 
which are otherwise difficult to control by other methods.  

 Similarly, Fusarium lateriticum has been used to cover primary wounds of apricot for 
avoiding the canker disease caused by Eutypa armeniacae.  

 Application of Peniophora gigantea oidia paste on pine stumps provided effective 
control of Heterobasidion annosus root rot disease which spreads through unprotected 
stumps left over after felling.  

 Ampelomyces quisqualis and Darluca spp. hyperparasitize powdery mildew and rust 
fungi, respectively, and therefore exploited for their biological control.  

 Agrobacterium radiobacter K-84 strain has been used against crown gall disease 
world over.  

Use of pesticides of plant origin 

 Pesticides of plant origin are derived from plant parts and their genes are also used to 
transform crops to express resistance to insect, fungal and viral attack.  

 The plant parts and their extracts with antifungal properties play an important role in 
plant disease management.  

 Plants with pest killing properties have been recorded as early as Rig Veda in India.  
 Garlic (Allium sativum) has a long history of reputed value and actual use for its 

medicinal, antimicrobial and pesticidal properties.  
 The growth of Rhizoctonia solani can be reduced with ethanolic extracts of 

Eucalyptus sp., Chenopodium ambrosioides, Lippia alba, Aegle marmelos and 
Cestrum diurnum leaves.  

 The seed extract of Piper nigrum was found to be effective against R. bataticola.  

 
 
Judicious use of fungicides 

 Chemicals have been used successfully to combat the ravages of these diseases for 
many years.  

 Fungicides with different modes of action like protective (broad spectrum fungicides), 
post infection activity (EBI), pre- symptom and post symptom (benzimidazoles and 
triazoles) may be used for controlling a wide array of plant diseases ravaging various 
crops.  

 The over-use of these chemicals resulted in water pollution, residues on food and fruit 
crops, effect on non- target organisms and development of resistance in pathogens 
against the chemicals have drawn the attention toward the rational use of fungicides 
by including monitored control strategies and cultural practices.  
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Types of Integrated Disease Management 
i) Integration of cultural and chemical control 

 The integration of chemicals and cultural practices (including improved 
cultivars) has resulted in a continuous supply of fresh watermelons, reduced 
diseases caused by Colletotrichum lagenarium, Pseudomonas syringae pv. 
lachrymans and Pseudoperonospora cubensis.  

 The covering the tomato nursery seedlings with nylon net for 25-30 days plus 4 
sprays of monocrotophos at 10-days intervals after transplanting, delayed the 
spread of Tomato leaf curl virus for 3-5 weeks and increased tomato yields.  

ii) Integration of chemical and biological control 
Bio-control agents such as Pseudomonas fluorescens, Trichoderma viride, T. harzianum, 
Bacillus subtilis, Pseudomonas putida, P. cepacia, Talaromyces flavus, and Agrobacterium 

radiobacter strain K 84 etc. can be used with integration of chemicals for the effective 
control of certain diseases.  
 
iii) Integration of resistance, cultural, biological and chemical control 
The integration of cultural practices (crop rotation, good farm hygiene procedures, 
quarantine), fertilizers, soil fumigation and solarization, pesticides (fungicide transplant dips, 
soil drench, soil incorporations, seed treatments, trace elements and surfactants), resistant 
cultivars and biocontrol agents are used for the control of club root (Plasmodiophora 

brassicae) of vegetables. 

 

 

 

 

******<. .>****** 
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PRACTICAL EXERCISES  

EXERCISE 1 

General Plant Pathological Laboratory Equipments 

Objective: To familiarize the students with general plant pathological equipments like 

compound microscope, autoclave, laminar air flow, incubators and hot air oven 

 

1. Compound Microscope 

It is used for microscopic examination of the samples in the laboratory. 

i) Construction: A compound microscope consists of 3 major parts i.e. body, lens system 
and illumination system 
a) The body of a microscope consists of the base, arm, body tube, stage, iris diaphragm and 
fine/coarse adjustment knobs etc. The base provides firm support for the rest of the 
microscope. Arm is used for carrying the microscope and supporting the optical/lens system. 
Coarse adjustment knob moves the body tube and objectives to bring the specimen roughly 
into focus. The fine adjustment knob brings the specimen into exact focus. Upper body tube 
encloses light path between objective and ocular. Lower body tube provides movable section 
for focusing objectives. Revolving nosepiece holds the objectives, which can be rotated into 
light path. The stage provides a platform with an opening in the centre on which a slide is 
placed which contains the specimen to be observed. The clamps or a movable slide holder is 
used to hold the slide in place. Condenser collects the light rays and focuses them on the 
specimen. Iris diaphragm is an assembly of thin metal leaves controllable by a lever to 
produce variable sized openings. 

 

b) The lens system consists of eye piece, objectives and condenser 
Eyepiece or the ocular of the compound microscope is composed of 2 or more lenses; the 
upper compartment or the eye lens is the magnifier and the lower compartment is called the 
field lens. The commonly used eyepieces are available with magnifications like 1X, 2X, 5X 
and 10X etc. 
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Objectives are considered to be the most important part of a compound microscope since they 
affect the quality of image formation. Most compound microscopes are equipped with 3 
objectives having different magnifying powers. They are low power (10X), high power (40X) 
and oil-immersion (100X) objectives. Low power objective is the shortest and oil-immersion 
is the longest. 
The primary function of a condenser is to supply sufficient cone of light to fill the objective 
aperture for getting maximum resolving power. Generally, condensers also incorporate iris 
diaphragm and filter holder. Iris diaphragm is used to control the light intensity. 
 
c) Proper illumination is essential for the efficient utilization of the magnification and 
resolution of a microscope. The readily available source of illumination is ordinary daylight. 
As the intensity of daylight varies greatly, artificial light sources (generally a tungsten lamp) 
are more often used. The most precise of such light sources control the intensity, colour and 
size of the light beam. The size of the light cone differs with each objective. As the 
magnification of objective lens increases, the working distance decreases, and the angle of 
aperture of the objective increases. Therefore, with increasing magnification a larger cone of 
light must enter the objective. 
ii) Principle of working: A compound microscope works on the basic principle of 
magnification, resolving power and illumination. 
Magnification is obtained by a series of 2 lens system, the lens system nearest the specimen 
called objective, magnifies the specimen and produces a real image. The ocular or eye lens 
system magnifies the real image, yielding a virtual image that is seen by the eye. The total 
magnification is equal to product of the ocular magnification and the objective magnification. 
Resolving power of a lens is its ability to show two closely adjacent points on the object as 
distinct and separate. This characteristic of a microscope is a function of the wave length of 
the light used and a characteristic of the lens system known as its numerical aperture: 
Wave length 
Resolving power = Diameter of the smallest structure visible =  
 
Numerical aperture 
 
The above relationship between the wavelength of light used and numerical aperture in 
determining resolving power holds good only for parallel light rays. When the specimen is 
illuminated with oblique rays in addition to direct light rays, the relationship becomes: 
Wavelength 
Resolving power =  
 
2 x Numerical aperture 
 
Use of compound microscope 

 Place a slide on the stage with specimen side up, and centre the section to be 
examined as accurately as possible over the hole in the centre of the stage. 

 Adjust the light source until it passes the maximum amount of light through the 
specimen. With low power objective in position, lower the body tube by means of the 
coarse adjustment until the objective is about 5-6 mm from the slide. 

 Look through the eyepiece and slowly raise the objective with the coarse adjustment 
until the specimen is in approximate focus. Never focus downward while looking 
through the eyepiece. Bring the specimen into sharp focus with the fine adjustment. 
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Adjust the iris diaphragm and sub-stage condenser until the light intensity is optimum, 
being neither glaring nor dull.  

 After examining the specimen with the low-power objective, shift to the high power 
dry objective by rotating the nosepiece until the objective clicks into place, first 
making certain that the portion of the specimen you wish to view is exactly centered 
in the field of the low power objective.  

 Look through the eyepiece and slowly raise the body tube with the coarse adjustment 
until the specimen comes into approximate focus. Then bring the image into final 
accurate focus by using the fine adjustment.  

 Focusing of the oil-immersion objective requires more care than that of the other 
objectives, but the procedure is essentially the same. First use the low power objective 
to locate the portion of the specimen to be examined. Raise the body tube and then 
rotate the nosepiece until the immersion oil such as clove oil or cedar oil on the 
portion of the slide directly under the objective. Watching the objective form the side, 
carefully lower it into the oil. Do not allow the objective to touch the slide. Look 
through the ocular and slowly focus upward with the fine adjustment until the image 
appears.  

Precautions 

 Never touch the lenses. If the lenses become dirty, wipe them gently with lens paper. 
 Never leave a slide on the microscope when it is not in use. 
 Always remove oil from the oil immersion objective after its use. If by accident oil 

gets on either of the lower power objectives, wipe it off immediately with lens paper.  
 Keep the stage of the microscope clean and dry.  
 Do not tilt the microscope when working with the oil-immersion system.  
 When the microscope is not in use, keep it covered and in the microscope 

compartment. 
 Never allow an objective lens to touch the cover glass or the slide. 
 Never force the microscope. All adjustments should work freely and easily. 

 

2. Autoclave 

An autoclave is used for sterilization of media.  

Principle: The principle of autoclave is that the water boils at about 100oC, depending upon 

the vapour pressure of the atmosphere. If the vapour pressure is increased, the temperature 

will be increased.  

Construction: An autoclave is basically a double walled metallic vessel made of thick 

stainless steel or copper, one end of which has an opening fitted with a tightly closed lid. The 

lid is provided with pressure gauze to measure the steam pressure and a safety valve. There is 

also an exhaust valve below to let the steam escape from the bottom of the inner chamber. 

Autoclave may be jacketed or non-jacketed types. In Jacketed types, the duration of heating is 

less than in non-jacketed types, however, in non-jacketed ones, water does not condense on 

objects and the steam is dry, i.e. it does not contain particulate water. 
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Working: For most purposes, sterilization in autoclave is done for 15 minutes at 121oC 
temperature which is achieved at 1.05 kg/cm2 pressure. 
Precautions 

 Autoclave should not be overloaded. 
 All the air must be removed from within the autoclave before closing the exhaust 

valve by keeping the outlet valve open until a jet of continuous air comes out of it.  
 Sterilization time must be counted not from the time it is switched on but from the 

time the required pressure is built up. 
 Ensure that there is sufficient water in the autoclave before switching on. 
 At the end of the sterilization period, allow the steam pressure to drop to zero and 

only then open the lid. 

3. Laminar Air Flow 

The laminar air flow system is used for reducing the chances of contamination of cultures 

while isolation and purification of microorganisms. 

 

Principle: The laminar air flow system works on the principle of application of fibrous filters 

in air filtration. In this system, air of a closed cabinet is made to pass through high efficiency 

particulate air filters (HEPA) which filter the air and do not allow any suspended particle 

above 0.3 mm dimension to go out and as such the air is free of all suspended particles. The 

air is blown out at uniform velocity and in parallel flow line. Under operational conditions, it 

provides class 100 air cleanliness levels (3.5 particles of 0.5 µm or larger size per litre) in the 

work area. 
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Working 

 Just prior to using the working station, the working surface should be wiped clean 
with isopropyl alcohol or spirit.  

 UV lamp should be turned on at least 15 minutes before work is performed.  
 Air supply must be turned on while working on the station. 

Precautions 

 UV light should be switched off before starting work on the station. 
 HEPA filters should be checked after every six months and should be changed when a 

filter is ruptured or so much loaded with contaminants that it will not produce the 
proper velocity across the working surface. 

 

4. Hot Air Oven 

Hot air oven is a sterilizer using dry heat and is primarily used for sterilization of glassware.  

 

Principle: The hot air oven is used for sterilizing glassware which are not burnt or damaged 

by high temperature. The action of dry heat is an oxidation process resulting from heat 

conduction from the contaminated object. Thus the entire object must be heated to a 

temperature for a sufficient length of time to destroy contaminants.  

 

Construction: Hot air oven consists of an insulated double walled cabinet heated by 

electricity and can withstand high temperature. The walls of the oven are made up of stainless 

steel or aluminum and are designed to prevent heat conduction from inside the chamber. 

There is a motor and fan fitted either at the bottom or back to circulate hot air inside the 

chamber. This hot air increases the temperature inside the chamber thus sterilizing it. A 

thermostat regulates the temperature at the desired level and a thermometer is fitted for 

recording the temperature. The shelves within the hot air oven are perforated to allow proper 

air circulation. 

 

Working: Generally, the oven is operated at a temperature of 160-180oC for 1 to 1½ hour. 
The time required for sterilization is inversely correlated to temperature. Commonly used 
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time for different temperature regimes is 1 hour at 180oC, 2 hours at 170oC, 4 hours at 
140oC, 12 to 16 hours at 120oC. 
 
 
Precautions 

 Exposure time is counted from the time when objects to be sterilized have reached the 
desired temperature in the oven. 

 Calibrated glass should not be sterilized in hot air oven since the expansion and 
contraction can cause changes in the graduations.  

 Rubber goods and culture media should not be sterilized in the hot air oven. 
 After the sterilization process, the oven and its contents should be allowed to reach 

the ambient temperature before opening the door to prevent breakage and 
recontamination by cool air rushing into the chamber. 

 
5. Incubators  
Incubators are important equipments required for providing an optimum temperature 
condition for growing micro-organisms including plant pathogens. They are of many types.  
i) Bottom heated incubator: A temperature from ambient to 60o C can be maintained in 
such incubator. Heating elements are provided at the bottom of the equipment, which is fitted 
with a thermostat, temperature regulatory knob and power on and off indicators.  
 
ii) B.O.D. incubator: Also called cooling incubator, it is designed for the control of 
incubation/storage temperatures. Mostly, it consists of a cast iron wheel mounted cabinet 
which is double walled with inner chamber made of stainless steel and outer body made of 
mild steel duly powder coated. The chamber is provided with two/three removable shelves, 
made of stainless steel for complete flexibility in use. At the back of the chamber a special 
compartment is formed which is fitted with a refrigeration evaporator, heater and two 
powerful centrifugal air circulators for creating a positive air flow throughout the inner 
chamber for temperature uniformity. A temperature ranging from 5 to 60oC can be 
maintained by a thermostat. 
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iii) Orbital shaking incubator: It is especially designed to combined advantage of a closely 
controlled incubator/ storage temperatures with orbital shaking system necessary for many 
laboratory procedures. Such a set up is more useful for growing cultures of microorganisms 
and tissue cells under controlled conditions of temperature and agitation. The variable speed 
platform containing samples is set into the circular motion in a horizontal plane, which 
ensures uniform mixing, minimizes accretion of material on the sides of flasks and provides 
good transfer of gas to the culture, and avoids undue buffeting of the organisms and cells. It 
consists of the same cabinet as of BOD incubator and can maintain a temperature ranging 
from 5 to 60oC. 
 
Examination and record 
1. Draw and label the various parts of these equipments.  
2. Understand their principle and working, and record the same. 
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EXERCISE 2 

 Plant Pathological Field Equipments 

Objective: To familiarize the students with some plant pathological field equipments like 
disease predictors, spore traps, leaf wetness recorder, etc. and their functioning  
 
1. Disease predictors  
The predictor is a unique outdoor monitoring system designed to take the guess work out of 
the spray programmes. Just by pushing the button, we can know the current and past 
environmental conditions, current disease status and history of infection periods or the 
probability of disease occurrence. It enables us to time the spraying operations for optimum 
disease control.  
Reuter stokes predictor: It is an electronic device used to monitor temperature, leaf wetness 
and relative humidity in apple orchards and was basically programmed to predict apple scab 
infection periods. A leaf wetness sensor is placed on the tree about 1m above ground and two 
temperature sensors (linear thermistors) enclosed in a standard weather shelter are connected 
to the instrument. One thermistor measures dry bulb or ambient temperature, the other, 
presented in a wet wick measures wet bulb temperature. The other end of the wick is put in 
the water reservoir through the hole on the top of the sensor shelter. Tipping bucket rain 
guage, hand held printer, temperature probe and sensor extension cable are optional 
accessories available with the instrument. Predictor is mounted on 4 cm diameter pipe in the 
orchard and the reservoir is filled with distilled water. Sensors are connected to the processor. 
A 6-volt dry battery is used and date and time are keyed in. The instrument measures and 
compares current environmental conditions with formula developed. It then calculates the 
onset of specific plant disease for timely application of preventive chemicals. The 
information is gathered, processed and stored automatically. We can retrieve the information 
by pushing buttons, which is displayed on Liquid Crystal Display (LCD). It gives current 
weather data, back data up to 16 days, apple scab history up to last 16 infection periods 
recorded. Current data on the environment are processed and related to the apple scab status 
as none, low, medium, and heavy; and fungicide spray options depending upon kick-back 
action. A degree day accumulator accurately calculates the number of degree days which 
have transpired for various base temperatures between 0 and 24oC. 
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. Spore traps  
Spore traps are used to capture and quantify a broad spectrum of fungal spores (both 
culturable and non-culturable) present in the air. 
 
i) Burkard’s volumetric spore sampler: A compact unit with built-in vacuum pump, 
designed to sample airborne particles such as fungus spores and pollens, continuously for 
periods of up to seven days without attention. Particles are impacted on adhesive coated 
transparent plastic tape supported on a clock-wise driven drum. Performance of the standard 
model is similar to the trap described by Hirst in 1952, but interchangeable orifices can be 
supplied to special order to improve the trapping efficiency for particles in the range 1 to 10 
µm diameter. The pore trap is supplied with one roll of 'Melinex' tape and one roll of double 
sided tape, together with the laboratory stand and Perspex cutting block.  

 

 

ii) Rotorod sampler: Rotorod sampler is a volumetric rotating arm impaction device capable 

of obtaining quantitative data on air-borne particulate in the size of 1 to 100 µm at sampling 

rates up to 120 litres/min. In Plant Pathology, it is used to monitor the amount of inoculum 

in the form of spores present in the atmosphere in order to assess the disease risk in 

advance and thus forewarn the managers to get ready for timely spray treatments for 

effective control of the disease. Its basic components are a constant speed motor and 

aerodynamically designed collector rods, which are rotated by sampler motor. The type H, V 

and I rods form the basic collector rod geometry. 

Sampling for spores in an orchard should be done at a height consistent with level of 

concern near the fruit, leaves or new woody growth. The collector rods are smeared with 

silicon grease adhesive before they are put in the place on the fixed compatible sampling 

heads on the samplers. Mount the coated collector rod on sampler by sliding the centre clip 

portion of the rod into the slotted hub of the Rotorod motor. Connect the sampler leads to 

12 volt battery. The rods will be rotated at the calibrated RPM as long as the DC voltage is in 

between 9 to 15 volts in a clock-wise direction. The sampler should be operated according 

to the purpose. For example, in apple scab forecasting, the sampler should be operated 

immediately after rain for a period of 3-4 hours to trap discharged ascospores in the 
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orchard. After switching the sampler off, remove the rods and mount them in specially 

designed grooved stage adapter. The spore deposit is evaluated by counting under light 

microscope. Nowadays, counting reticules are also available for facilitating the process. 

 

iii) METOS automatic weather station 

The heart of METOS system is a central processing computer powered by rechargeable batteries. All 

full function systems are equipped with a built in Epson graphics plotter, washable numeric keypad 

with 9 functional keys and an 80-character LCD screen. This recording unit is housed indoors or in a 

weatherproof shelter and includes the main power switch and ports for battery charger, optimal 

external power supply and RS-232 computer interface. The sensor unit is contained in an all 

weather, rustproof ventilated housing with standard air temperature, relative humidity and solar 

radiation sensors and is connected by 15 (5m) cable to a rain guage with 0.2 mm sensitivity and by 

36 (10m) cable to two leaf wetness sensors. The recording and sensor units are joined by a 36 (10m) 

quick connect cable with optional extensions to 500 (150m). 

The latest addition to the METOS line is the METOS-DAT, a compact data recorder with multiple 

channels. This compact version includes many standard and optional sensor inputs, without 

keyboard, printer or display. Output is channeled to the PC by direct cable or optional cellular or 

standard phone modem. The METOS system automatically scans all sensors every 12 minutes and 

stores these data for up to 4 weeks (extendable to 12 months) in internal ROM. In between scans, 

the METOS remains in standby mode drawing very little power. Each fully functional METOS model 

contains specific software to convert weather data into easily understandable information on 

disease conditions, accessed immediately at any time on the LCD by pressing function keys, or 

automatically at one hour intervals on the graphics plotter. The latest environmental data can be 

transferred to PC or compatible computer via direct cable or modem. 

MET9(R) 
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MET9(R) is a comprehensive software package for IBMTM and compatible personal computers for 

the calculation of disease management decisions. MET9(R) operated with an easy to use windows 

TM like format under DOS 3.0 or higher and need the use of the MET8TM database. Temperature, 

relative humidity rainfall and leaf wetness etc. largely determine the presence of plant diseases. This 

connection has been established for various harmful organisms. The MET9 TM disease and pest 

warning programme indicates favourable conditions and gives instant on line warnings for scab of 

apples, powdery mildew, black rot, downy mildew of grapes, late and early blight of potatoes and 

Pythium blight, brown patch and dollar spot of turf grasses. 

3. de Wit leaf wetness recorder:  
Leaf wetness recorder is built on hygrothermograph principle with the addition of wetness 
sensing element and pen arm. de Wit leaf wetness recorder records only leaf wetness. In this, 
the chart revolves in a clockwise direction. If the weather is dry, the pen makes recording on 
the margin of the chart. The beginning of a rainy period is indicated by a clear kink in the 
line. As the moistened sensor shrinks, the pen moves towards the centre of the chart and 
keeps recording there for the duration of the rain. When the rain stops, the sensor dries again 
and the pen returns to its former position.  
 
Generally, the sensor dries sooner than the leaves and a correction should be made by 
applying correction of half to one hour. The best spot to mount the instrument is where the 
leaves remain wet the longest time. The instrument in the orchard is fitted at eye level 
(approximately 1.5 m high) in a vertical position on a pole with cross beam with the sensor in 
a horizontal position. The sensor should not be touched with the fingers during installation or 
afterwards. Leaf wetness recorders are efficiently used to predict the infection periods in case 
of apple scab.  
 
Examination and record 
1. Draw and label the parts of these instruments. 
2. Understand the principle and working of these instruments. 
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EXERCISE 3 

 Diseases Caused by Plasmodiophoromycota, Chytridiomycota and 
Oomycota  

Objective: To study the symptoms, signs and host-parasite relationship of diseases caused by 

Plasmodiophorocota, Chytridiomycota and Oomycota, 

 

i). Club root of Cabbage 

Causal organism: Plasmodiophora brassicae 

Classification: Kingdom: Protozoa, Division: Plasmodiophoromycota, Class: no class 

assigned, Order: Plasmodiophorales: family: Plasmodiophoraceae 

Symptoms: The hypertrophied club roots develop before symptoms appear on the above 

ground parts.The roots swell 10-12 times then original size and develop into numerous 

spindle- shaped knobby or club-shaped galls.The leaves show chlorosis and wilting.If the 

infection occur early,the young plants are killed within a few days. 

Disease Cycle: The pathogen survives in the soil as resting spores(+resting sporangia),which 

remain viable for 7-10 years or even more. They germinate under moist conditions, each 

releasing a single biflagellate zoospore, with unequal, whiplash flagella. These penetrate the 

root hairs of the seedling and form the thallus, a haploid, primary plasmodium. 

 

ii). Wart Disease of Potato 
Causal organism: Synchytrium endobioticum 
Classification: Kingdom: Fungi, Division: Chytridiomycota, Class: Chytridiomycetes, 
Order: Chytridiales Family: Chytridiaceae 
Symptoms: Dark-brown to black, cauliflower-like outgrowths (warts) appear on the 
tubers.Buds on tubers and stolons are the main sites of infection and origin of the warts. 
Roots are, however, not infected. The cells adjoining the infected site undergo hyperplasia 
and hypertrophy and form the tumors. The infected plants, some times, show symptoms on 
the above ground parts, like formation of warts at the base of the stem near the soil, and 
stunted growth. The crop produced is unmarketable and the soil is rendered unfit for potato 
cultivation for several years due to the long survival of the fungus in the soil. 
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iii). Damping-off of vegetable crops  
Causal organism: Pythium debaryanum, Pythium spp. 
Classification: Kingdom: Chromista, Division: Oomycota, Class: Oomycetes, Order: 
Pythiales, Family: Pythiaceae  
Symptoms: When seeds of susceptible crops are planted in infested soils and are attacked by 
the damping-off fungi, they fail to germinate, become soft and mushy and then turn brown, 
shrivel, and finally disintegrate. Young seedlings can be attacked before emergence at any 
point, from which the infection spreads rapidly, the invaded cells collapse, and the seedling is 
overrun by the oomycete and is killed even before emergence from the soil (thereby called 
pre-emergence damping off).  
Seedlings that have already emerged are usually attacked at the roots and sometimes in the 
stems at or below the soil line. The invaded areas become water soaked and discolored and 
they soon collapse. The basal part of the seedling stem becomes softer and much thinner than 
the uninvaded parts above it and as a result, the seedlings fall-over on the ground. The fungus 
continues to invade the fallen seedlings, which quickly wither and die out. It is also called 
post-emergence damping-off. 
Disease cycle: Spore germ tubes or saprophytic mycelium of Pythium coming in contact with 
seeds or seedling tissues of host plants enter by direct penetration and grows between and 
through the cells. Infected seeds and seedlings are killed and turn into a rotten mass 
consisting primarily of the oomycete. 
Microscopic observations: Pythium produces a rapidly growing mycelium which is 
coenocytic. The mycelium gives rise to sporangia, which germinate directly by producing one 
to several germ tubes or by producing a short hypha at the end of which forms a balloon like 
secondary sporangium called a vesicle. Sometimes oospores are produced which are thick 
walled structures and are resistant to adverse temperature and moisture conditions and serve 
as the survival and resting stage of the fungus. 
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EXERCISE 4 

Diseases Caused by Oomycota and Zygomycota  

Objective: To study the symptoms, signs and host-parasite relationship of diseases caused by 

Oomycota and Zygomycota 

 

i). Late blight of potato  

Causal organism: Phytophthora infestans 

Classification: Kingdom: Chromista, Division: Oomycota, Class: Oomycetes, Order: 

Pythiales, Family: Pythiaceae  

Symptoms: Symptoms appear at first as water soaked spots usually on the edges of the lower 

leaves. In moist weather, the spots enlarge rapidly and form brown, blighted areas with 

indefinite borders. A zone of white, downy growth 3 to 5 mm wide appears at the border of 

the lesions on the undersides of the leaves. Soon entire leaves are infected, die and become 

infected. Under continuously wet conditions, all tender, aboveground parts of the plants 

blight and rot away. In dry weather, the activities of the pathogen are slowed or stopped. 

Existing lesions stop enlarging, turn black, curl and wither, and no growth appears on the 

underside of the leaves. When the weather becomes moist again, the fungus resumes its 

activities; and the disease once again develops rapidly. 

Disease cycle:The fungus overwinters as oospores or as mycelium only in the infected tubers. 

The mycelium from infected tubers or from germinating oospores and zoospores spreads into 

shoots produced from infected or healthy tubers, causing discoloration and collapse of the 

cells. When the mycelium reaches the aerial parts of plants, it produces sporangiospores, 

which emerge through the stomata of the stems and leaves and produce sporangia. The 

sporangia when ripe, become detached and are carried off by the wind or are dispersed by 

rain and if they land on wet potato leaves or stems, they germinate and cause new infections. 

The germ tube penetrates directly or enters through a stoma, and the mycelium grows 

profusely between the cells, sending long, curled haustoria into the cells. Older infected cells 

die while the mycelium continues to spread into fresh tissue. In cool, moist weather, new 

sporangia may form within four days from infection, thus a large number of asexual 

generations and new infections may be produced in one growing season. As the disease 

develops, established lesions enlarge and new ones develop, often killing the foliage and 

reducing potato tuber yield.  

Microscopic observations: The aseptate, coenocytic mycelium produces branched 

indeterminate sporangiophores that in turn produce lemon-shaped sporangia. At the places 

where sporangia are produced, sporangiophores form swellings that are characteristic for this 

fungus.  

 
ii). White rust of crucifers 
Causal organism: Albugo candida  

Classification: Kingdom: Chromista, Division: Oomycota, Class: Oomycetes, Order: 

Pythiales, Family: Albuginaceae 
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Symptoms: The white rust, sometimes also called white blisters, is easily recognized by the 

chalk-white, cheesy, raised spore masses (sori) which occur mostly on the underleaf surfaces. 

The floral parts of radish, cabbage, and cauliflower seed plants are grossly deformed and 

sterile, and called ‗stag heads‘. Occasionally, swollen galls form in the petioles and stems of 
some plants and even the roots of radish, horseradish, and a few other plants. 

Disease cycle: The white rust pathogen of crucifers infects only cruciferous plants.The 

pathogen survives in infected plant debris in the soil. If free moisture and cool temperature 

are present, the sporangia germinate by producing several smaller motile spores (zoospores) 

that swim and enter susceptible young tissues. Because A. candida is dependent on cool, wet 

conditions, the disease is consistently more severe during winter and early spring months. In 

addition to sporangia, A. candida also produces oospores that can resist drying conditions and 

enable the fungus to survive in a dormant state in soil or crop residue. The white rust 

pathogen exists in the form of distinct races. 

Microscopic observations:The mycelium of white rust fungus is intercellular in host tissues 

except for one to several, very small spherical haustoria in each host cell which serve to 

supply the white rust fungus with nourishment. The colourless, nearly spherical to rectangular 

sporangia are borne on short, club-shaped stalks (sporangiophores), each of which produces a 

chain of spores with distinct thickening between the sporangia. 

 
iii). Downy mildews 
Causal organisms : Some of the most common or most serious downy mildew oomycetes 

and the diseases they cause are: 

Bremia lactucae, causing downy mildew of lettuce 

Hyaloperonospora parasitica, causing downy mildew of crucifers 

Peronospora destructor, causing downy mildew of onion, P. effusa, causing downy mildew 

of spinach, P. tabacina, causing blue mold of tobacco 

Plasmopara viticala, causing downy mildew of grapes 

Peudoperonospora cubensis, causing downy mildew of cucrbits 

Sclerophthora sp. causing downy mildew of cereals 

Sclerospora graminicola, causing downy mildew or green ear of grasses and millets 

Classification: Kingdom: Chromista, Division: Oomycota, Class: Oomycetes, Order: 

Peronosporales, Family: Peronosporaceae  

Symptoms: At first, small, pale yellow, irregular spots appear on the upper surface of the 

leaves and a white downy growth of the sporangiospores of the oomycete appears on the 

underside of the spots. Later, the infected leaf areas are killed and turn brown, while the 

sporangiospores of the oomycete turn grey. The spots often enlarge, coalesce to form large 

dead areas on the leaf, and frequently result in premature defoliation. 
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Disease cycle: The fungus overwinters in or on plant parts as mycelium or oospores (thick-
walled, gumball-like structures that form the resting stage of the pathogen). Temperature and 
humidity play a key role in the pathogen development. During cool (50-75ºF), wet conditions 
with high relative humidity (85% or higher), downy mildew outbreaks develop when 
germinating oospores form sporangiophores, which resemble a bunch of grapes emerging 
from the plant stomata. Each ―grape‖ is a sporangium. And each sporangium is filled with 
dozens of zoospores that swim to susceptible plants and infect them even when a film of free 
water is available. 
Prolonged periods of leaf wetness promote spore germination and the diseases spread. Thus 
increasing air circulation around the plant by thinning and pruning it, reduces humidity and 
minimizes infection. The disease cycle, from the initial infection to the production of 
additional spores and secondary infection, is usually seven to ten days, but can be as short as 
four days under warm and humid conditions. 
Microscopic observations: The characteristic structures of the sporangiophores of different 
downy mildew genera are observed under the microscope as follows: 
Basidiophora- The sporangiophore is club shaped with a swollen head over which the 
sporangia are borne on minute sterigmata.  
Sclerospora- The sporangiophore is a long, stout hyphae, with many upright branches near 
the end, bearing sporangia at the tips.  
Plasmopara – The branches and their subdivisions occur typically at right angles and are 
irregularly spaced.  
Peronospora and Pseudoperonospora- The sporangiophores are dichotomously branched at 
acute angles, and taper to gracefully curved pointed tips on which sporangia are borne and do 
not produce zoospores.  
Bremia – is similar to Peronospora except that the tips of the branches are expanded into cup 
shaped apophyses with four sterigmata each, bearing the sporangia along their margins and 
do not produce sporangia.  
Bremiella is again similar to Bremia except in having the tips of its branches inflated into 
bulbous apophyses on which sterigmata bearing sporangia are produced. 
 
Examination and record:  
1. Draw and label the life cycle of oomycetous fungi. 
2. Observe the pathogen structures under microscope. 
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iv). Rhizopus soft rot of fruits and vegetables  
Symptoms 
Infected organs of fleshy organs appear water soaked at first and are very soft. Fungal hyphae 
grow outward through the wounds and cover the affected portions by producing tufts of 
whisker-like grey sporangiophores and sporangia. The bushy growth of the fungus often 
spreads over the surface of the healthy portions of affected fruit and even to the surface of the 
containers. 
Causal organism: Rhizopus spp. 
Disease cycle 
Rhizopus spores are ubiquitous and continually present in the air around us. The fungus can 
survive in crop debris in the soil, in fruits and vegetables, and to some extent on contaminated 
equipment. Rhizopus spp. require wounds and necrotic tissue for infection. When either 
airborne spores or infested soil comes into contact with a wound, the spores germinate, 
producing hyphae that enter the root. Pectolytic and other enzymes produced by Rhizopus 
quickly cause host discoloration and liquefy host tissues. The pathogen usually reproduces 
asexually without the overwintering sexual stage seen in temperate zones. It is an efficient 
saprophyte, surviving on the dead tissues of its plant hosts or on rotting fruits in fields, in 
packinghouses, in field soils, and on partly decomposed, stored products such as old bread. 
Microscopic observations  
The genus Rhizopus is characterized by the presence of stolons and pigmented rhizoids, the 
formation of sporangiophores singly or in groups from nodes directly above the rhizoids, and 
apophysate, columellate, multi-spored, generally globose sporangia. After spore release the 
apophyses and columella often collapse to form an umbrella-like structure. Sporangiospores 
are globose to ovoid, one-celled, hyaline to brown and striate in many species.  
 
Examination and Record 
1. Note the symptoms of the disease and make a detailed study of the life cycle of the 
pathogens. 
2. Observe the morphological differences between Rhizopus and Mucor under the compound 
microscope. 
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EXERCISE 5 

 Diseases Caused by Ascomycota - Powdery mildews 

Objective: To study the symptoms, signs and host-parasite relationship of diseases caused by 

Ascomycota - Powdery mildews  

 

i) Powdery mildew diseases 

Causal organisms  

Blumeria graminis, causing powdery mildew on cereals and grasses 

Erysiphe cichoracearum, causing powdery mildew of cucurbits 

E. polygoni, causing powdery mildew of pea 

Leveillula taurica, causing powdery mildew of tomato 

Phyllactinia spp., causing powdery mildew of shade and ornamental plants 

Podosphaera leucotricha, causing powdery mildew of apple and pear 

P. oxycanthae, causing powdery mildew of apricot, cherry, plum and peach 

Sphaerotheca macularis, causing powdery mildew of strawberry 

S. pannosa, causing powdery mildew of peach and rose 

Uncinula necator, causing powdery mildew of grapes 

Classification: Kingdom: Fungi, Division: Ascomycota, Class: Not assigned, Order: 

Erysiphales, Family: Erysiphaceae 

Symptoms 

Powdery mildew appears as spots or patches of a white to greyish, powdery growth on young 
plant tissues, sometimes entire leaves and other organs are completely covered by the white 
powdery mass. Tiny, pinhead sized, spherical at first white, later becoming yellowish brown 
and finally black ascocarps may be present singly or in groups on the white to greyish mildew 
growth in the older areas of infection. Powdery mildew is most common on the upper side of 
leaves, but it also affects the underside of leaves, young shoots and stems, buds, flowers and 
young fruit. 
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Disease cycle 
Fungi causing powdery mildews are obligate parasites. They produce mycelium that grows 
only on the surface of plant tissues but do not invade the tissues. They obtain nutrients from 
the plant by sending haustoria into the epidermal cells of the plant organs. The mycelium 
produces short conidiophores on the plant surface. Each conidiophore produces chains of 
ovoid, or round conidia that are carried by air currents. When environmental or nutritional 
conditions become unfavourable, the fungus may produce ascocarps containing one or a few 
asci containing ascospores.  
Microscopic observations 
Blumeria graminis – Ascocarps with myceloid appendages resembling somatic hyphae in 
being flaccid and indefinite  
Erysiphe cichoracearum- Ascocarps with myceloid appendages resembling somatic hyphae 
in being flaccid and indefinite  
Leveillula taurica- Ascocarps with myceloid appendages resembling somatic hyphae in being 
flaccid and indefinite  
Phyllactinia spp.- Ascocarps have rigid, spear like appendages with a bulbous base and 
pointed tips.  
Podosphaera leucotricha- Ascocarps have rigid, dichotomously branched appendages at tips. 
Sphaerotheca macularis- Ascocarps having rigid, myceloid appendages. 
Uncinula necator- Ascocarps have appendages that are rigid with curled tips.  
Examination and Record 
1. Note the symptoms of the diseases and make a detailed study of the life cycle of the 
pathogens. 
2. Observe the host-parasite relationship under the compound microscope. Differentiate 
between the morphological features of various powdery mildew genera. 
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EXERCISE 6 

Diseases Caused by Ascomycota - Wilts and root rots 

Objective: To study the symptoms, signs and host-parasite relationship of diseases caused by 

Ascomycota - Wilts and root rots  

 

i) Vascular wilts 

a) Fusarium wilts 
Causal organisms  

Fusarium oxysporum f. sp. lycopersici, infecting tomato 

Fusarium oxysporum f. sp. conglutinans, infecting cabbage 

Fusarium oxysporum f. sp. cubense, infecting banana 

Fusarium oxysporum f. sp. vasinfectum, infecting cotton 

Fusarium oxysporum f. sp. dianthii, infecting carnation  

Classification: Kingdom: Fungi, Division: Ascomycota, Class: Deuteromycetes, Order: 

Moniliales, Family: Tuberculariaceae  

Symptoms  

The first symptoms appear as slight vein clearing on the outer, younger leaflets. 
Subsequently, the older leaves show epinasty caused by drooping of the petioles. Plants 
infected at the seedling stage usually wilt and die soon after appearance of the first 
symptoms. Older plants may show vein clearing and leaf epinasty followed by stunting of the 
plants, yellowing of the older leaves occasional formation of the adventitious roots, wilting of 
leaves and young stems, defoliation, marginal necrosis of the remaining leaves and finally 
death of the plant. 

 

 

Disease cycle 
This pathogen is soil-borne and survives in infected plant debris and in soil as mycelium and 
in all its spore forms most commonly as chlamydospores. It spreads short distances by means 
of water and contaminated farm equipment and over long distances in infected plant material. 
When healthy plants grow in contaminated soil, the germ tube of spores or the mycelium 
penetrates root tips directly or enters the roots through wounds or at the point of formation of 
lateral roots. The mycelium advances through the root cortex intercellularly and when it 
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reaches xylem cells, it enters them through the pits. While in the vessels, the mycelium 
branches and produces microconidia, which are detached and carried upward in the sap 
stream. A combination of vessel clogging by mycelium, spores, gels, gums and tyloses and 
crushing of the vessels by proliferating adjacent parenchyma cells is responsible for the 
breakdown of the water supply in the plant, ultimately leading to wilting of the plants.  
Microscopic observations 
Mycelium is extensive and cottony in culture, often with some tinge of pink, purple or 
yellow, in the host or medium; conidiophores variable, slender and simple, or stout, short, 
branched irregularly or bearing a whorl of phialides, single or grouped into sporodochia; 
condia hyaline, variable, principally of two kinds often held in a mass of gelatinous material; 
macroconidia several-celled slightly curved or bent at the pointed ends, typically canoe-
shaped; microconidia 1-celled, ovoid or oblong, borne singly or in chains; some conidia 
intermediate, 2- or 3- celled, oblong or slightly curved; parasitic on higher plants or 
saprophytic on decaying plant material. Chlamydospores are one- or two-celled, thick walled, 
round spores produced within or terminally on older mycelium. 
b) Verticillium wilts 
Causal organism: Verticillium albo-atrum and V. dahliae, cause Verticillium wilts in most 
plants.  
Classification: Kingdom: Fungi, Division: Ascomycota, Class: Deuteromycetes, Order: 
Moniliales, Family: Tuberculariaceae  
Symptoms  
The symptoms of Verticillium wilt are almost identical to those of Fusarium wilts. However, 
Verticillium spp. induce wilt at lower temperature than the Fusarium spp. Moreover, the 
symptoms develop slowly. Verticillium infection may result in defoliation, gradual wilting 
and death of successive branches, or abrupt collapse and death of the entire plant.  
Disease cycle 
Verticillium overwinters as mycelium within perennial hosts, in propagative organs or in 
plant debris.  
Microscopic observations 
Conidiophores slender, branched, at least some of the branches verticillate (in whorls); 
conidia ovoid to ellipsoid, hyaline, 1-celled, borne singly or in small clusters apically; 
vascular parasites causing wilts of higher plants, parasitic on other fungi, or growing 
saprophytically. 
ii) Root rots  
a) White root rot of apple 
Causal organism: Rosellinia necatrix (Dematophora necatrix)  
Classification: Kingdom: Fungi, Division: Ascomycota, Class: Pyrenomycetes, Order: 
Xylariales, Family: Xylariaceae 
Symptoms  
Trees show symptoms of the disease first by yellowing of foliage and poor growth of the 
branches. This is followed by defoliation and tree death. Below ground, the fibrous roots are 
rotted away and a white fluffy mycelium may remain in the soil around the rotted roots. 
Under the cortex of the affected roots is found a whitish weft to floccose layer of mycelium. 
In excessive soil moisture conditions, the infected roots become covered with white fluffy 
mycelium. 
Disease cycle:  
Mycelium of the fungus remains viable in the soil for several years even under most 
unfavourable conditions. Infection occurs entirely by penetration of mycelium into 
susceptible roots. The fungus is spread by growth of the mycelium throughout the soil. 
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Spread of the fungus over long distances occurs through the transportation of the affected 
nursery stock. The fungus develops more rapidly in comparatively cool, moist soils.  
Microscopic observations 
Mycelium is white initially and partially pigmented later. Hyphae are hyaline or pigmented, 
less than 5µm in width, mostly with pear shaped swellings at the septa. 
Examination and record 
1. Note the symptoms of the various wilt and root rot diseases and make a detailed study of 
the life cycle of the pathogens. 
2. Observe the host-parasite relationship under the compound microscope.  
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EXERCISE 7 

Diseases Caused by Ascomycota –Stem, leaf and fruit diseases  

Objective: To study the symptoms, signs and host--parasite relationship of diseases caused 

by Ascomycota –stem, leaf and fruit diseases 

 

i. Stem and twig cankers  

Causal organism:  
Botryosphaeria dothidea, causing canker on apple, peach, pecan etc.  

Ceratocystis fimbriata, causing canker diseases on cacao, coffee, stone fruits etc. 

Dibotryon morbosum, causing black knot of plum and cherry 

Eutypa armeniacae, causing die back in grape and apricot 

Nectria galligena, causing canker of apple, pear and many forest trees 

Leucostoma sp. causing canker of peach and many fruit trees  

Kingdom: Fungi, Division: Ascomycota, Class: Pyrenomycetes  

Symptoms  
Cankers are localized wounds or dead areas in the bark of the stem or twigs of woody plants 
that are often sunken beneath the surface of the bark. In some cankers, the healthy tissues 
immediately next to the canker may increase in thickness and appear higher than the normal 
surface of the stem. Cankers generally begin at a wound or at a dead stub. From that point 
they expand in all directions but much faster along the main axis of the stem, branch or twig. 
Under some environmental conditions, the host may survive the disease by producing callus 
tissue around the dead areas and thus limiting the canker. 
 

 

Disease cycle 
Although most canker causing fungi are ascomycetes, only a few of them produce their 
sexual stage regularly. The other canker causing fungi produce primarily conidia, usually in 
pycnidia embedded in the bark and only occasionally do they produce perithecia. 
 
Microscopic observations 
Botryosphaeria dothidea- Ascomata initially immersed, either separate or grouped in complex 
multilocular stromata, becoming erumpent through the epidermis and opening through a well-
developed ostiole, wall composed of dark, thick-walled textura angularis, becoming paler and 



Fundamentals of Plant Pathology 

 

www.Agrimoon.com Page 184 

thin-walled towards the interior, contents conspicuously white when dry, opening through a 
periphysate ostiole. Asci bitunicate, clavate, stipitate. Ascospores ellipsoid to broadly fusoid, 
widest in the middle or upper third, hyaline, smooth, thin-walled, unicellular, tapering to the 
obtuse base and apex, multiguttulate, eight spores in each ascus, irregularly biseriate. 
Pseudoparaphyses hyaline, septate, branched. 
Ceratocystis fimbriata- Perithecia are long necked, brown to black with globose base, necks 
almost 800-900 µm long with ostiolar hyphae, asci are produced from ascogenous cells that 
line the inner wall of the perithecium, ascospores are elliptical, hyaline, non-septate, hat-
shaped in appearance. Conidiophores are hyaline, septate upto 150 µm long. Conidia 
cylindrical, sometimes in chains, truncate at the ends. 
Dibotryon morbosum- Stromata are black, hard, produced in branches. Ascostromata black, 
globose, sometimes turbinate, with a slightly flattened apex and central ostiole. Asci are 
clavate, sessile, bitunicate, 8-spored. Ascospores clavate, apex obtusely rounded, tapered 
towards the base, 1-septate near the base, smooth-walled, olivaceous. Conidiophores erect, 
pale brown, flexuous, geniculate with thickened scars on small denticles. Conidia pale brown, 
0—1 septate, smooth, singly or in short chains. 
Eutypa armeniacae- The asci are club shaped to cylindrical, having an apical ring and long, 
tapering, persistent stalks forming a definite hymenial layer in the perithecium. Asci are 
sometimes polysporous. Paraphyses develop but may gelatinize by the time the perithecium 
is mature. The lightly pigmented to brown, one-celled ascospores are sausage shaped. 
Nectria galligena- Nectria produces its perithecia on the surface of a cushion shaped stroma 
and the ascocarps are brightly coloured shades of orange and red. Asci may or may not be 
formed from crosiers, and micro-conidia function as spermatia. The ascospores are one- or 
two-celled, hyaline, and often boat shaped.  
Leucostoma cincta (Anamorph: Cytospora rubscens).- Pycnidia formation on PDA is usually 
observed 15-20 days after isolation, but sometimes after more than 20 days, and two months 
after inoculation on twigs and branches. Pycnidia are rounded, dark, 0.2-2.0 mm in diameter. 
The pycnidia formation varies from sporadic to abundant. The pycnidiospores are extruded in 
the form of orange to red droplets/globules. They are one-celled, smooth, slightly curved with 
rounded ends, hyaline. There are many locules variable in size and shape seen on vertical and 
horizontal sections of pycnidia. Individual locules are fused into a single central cavity and 
one ostiole.  
 
1. Foliar diseases 
 
Causal organisms: 
i) Diplocarpon rosae, causing black of rose 
Kingdom: Fungi, Division: Ascomycota, Class: Discomycetes, Order: Helotiales, Family: 
Dermatiaceae 
Mycosphaerella, causing Sigatoka disease of banana (M. musicola), leaf spot of strawberry 
(M. fragariae), citrus greasy spot (M. citri).  
Kingdom: Fungi, Division: Ascomycota, Class: Pyrenomycetes 
Venturia inaequalis, causing apple scab 
Kingdom: Fungi, Division: Ascomycota, Class: Loculoascomycetes, Order: Pleosporales, 
Family: Venturiaceae. 
 
Foliar diseases caused by anamorphic/mitosporic fungi 
i) Alternaria solani, causing leaf spots and blights on various crops 
ii) Ascochyta pisi, causing leaf spot and blight of pea  
iii) Cercospora zinniae, causing leaf spot of zinnia  
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iv) Cladosporium fulvum, causing leaf mold of tomato 
v) Marssonina coronaria, causing leaf spot or blotch of apple 
vi) Phyllosticta minima, causing leaf spot of apple and red maple  
vii) Septoria lycopersici causing Septoria leaf spot of tomato 
viii) Stemphylium vesicarium causing Stemphylium leaf blight and stem rot of onion and 
garlic 
Kingdom: Fungi, Division: Ascomycota, Class: Deuteromycetes, Order and Family: Varied 
 
Symptoms 
Symptoms of foliar diseases include small, oval, circular, oblong spots produced on leaves 
initially. These spots may be white to grey, light brown to dark brown with dark green to 
brown or dark brown borders surrounded by a yellow halo. The lesions may enlarge, coalesce 
and kill entire leaves.  
 
Disease cycle  
Most foliar ascomycetes reproduce by means of conidia during the growing season and by 
their perfect stage at the end of the season and overwinter. Some produce ascocarps and 
ascospores along with conidia throughout the growing season. The primary inoculum of these 
fungi, therefore, may be either ascospores or conidia and usually originates from infected 
fallen or hanging leaves of the previous year.  
Mitosporic fungi attack primarily the foliage of plants by means of conidia. On the infected 
areas, numerous conidia are produced that spread to other plants by wind, wind blown rain, 
water and insects, and cause more infections. In most cases, these fungi overwinter primarily 
as conidia or mycelium in fallen leaves or other plant debris. Some, however, overwinter as 
conidia or mycelium in or on seed of infected plants or as conidia in the soil. 
 
Microscopic observations 
Diplocarpon rosae- Its conidial state is Marssonina rosae. This fungal pathogen grows sub-
cuticularly below the epidermis, and produces saucer shaped acervuli bearing typical 
Marssonina-type conidia on short conidiophores. The conidia are hyaline, bicelled, guttullate, 
somewhat curved, and pointed at on end.It also produces well developed erumpent apothecia, 
and more or less crescent shaped ascospores in asci.  
Mycosphaerella- The pseudothecia of this genus are small, separate and immersed in host 
tissue, usually in dead or overwintered leaves and stems. The ascospores are hyaline or light 
brown and have one central septum. Conidial stages are varied, mostly Cercospora in present 
cases. Hyaline, multi-celled, filiform conidia are formed on the host leaf surfaces as well as 
cultures.  
Alternaria – Conidiophores dark, simple, rather short or elongate, typically bearing a simple 
or branched chain of conidia; conidia dark, typically with both cross and longitudinal septa, 
obclavate to elliptical or ovoid, frequently borne acropetally in long chains, less often borne 
singly and having an apical simple or branched appendage. 
Ascochyta- Pycnidia dark, globose, separate, immersed in host tissue, ostiolate; conidia 
hyaline, 2-celled, ovoid to oblong; parasitic, principally causing leaf spots. 
Cercospora- Conidiophores dark, simple, arising in clusters and bursting out of leaf tissue, 
bearing conidia successively on new growing tips, conidia hyaline or dark, filliform, several-
celled, parasitic on higher plants, commonly causing leaf spots.  
Cladosporium- Conidiophores dark, branched variously near the apex or middle portion, 
clustered or single; conidia dark, 1-or -2 celled, variable in shape and size, ovoid to 
cylindrical and irregular, some typically lemon-shaped; parasitic on higher plants or 
saprophytic. 
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Phyllosticta- Pycnidia dark, ostiolate, lenticular to globose, immersed in host tissue, erumpent 
or with a short beak piercing the epidermis; conidiophores short or obsolete; conidia small, 1-
celled, hyaline, ovoid to elongate; parasitic, producing spots, principally on leaves.  
Septoria- Pycnidia dark, separate, globose, ostiolate, produced in spots, erumpent; 
conidiophores short; short hyaline, narrowly elongate to filliform, several septate; parasitic, 
typically causing leaf spots. 
Stemphylium- Conidiophores dark, mostly simple, short to long, bearing a single, terminal 
conidium, or successive conidia on new growing tips, conidiophore proliferating through old 
conidial scar; conidia dark with cross and longitudinal septa, variable in shape, frequently 
globose to broadly ellipsoid, or ovoid, smooth, verrucose or echinulate; parasitic or 
saprophytic. 
 
2. Fruit diseases  
 
i) Anthracnose diseases  
Causal organisms  
Elsinoe, (conidial stage: Sphaceloma), causing anthracnose of grape (E. ampelina), raspberry 
(E. veneta), and scab of citrus (E. fawcetii) and avocado (E. perseae) 
Kingdom: Fungi, Division: Ascomycota, Class: Pyrenomycetes  
Glomerella (conidial stage: Colletotrichum or Geotrichum), causing anthracnose of many 
annual and perennial plants, bitter rot of apple and ripe rot of grape and other fruits. 
Kingdom: Fungi, Division: Ascomycota, Class: Pyrenomycetes 
Gnomonia, causing anthracnose of walnut and many forest plants 
Kingdom: Fungi, Division: Ascomycota, Class: Pyrenomycetes 
Diplocarpon, causing apple blotch, (D. mali) 
Kingdom: Fungi, Division: Ascomycota, Class: Pyrenomycetes 
Symptoms 
Anthracnose diseases are diseases of foliage, stem or fruits that typically appear as dark-
coloured spots or sunken lesions with a slightly raised rim. Some cause twig or branch die 
back. In fruit infections, the spots are raised and have corky surfaces. And often result in fruit 
drop and fruit rot. 
Disease cycle  
Anthracnoses are caused by fungi that produce conidia within black acervuli. They are found 
in nature mostly in their conidial stage and can overwinter as mycelium or conidia.  
Microscopic observations 
Elsinoe- The ascospores are four celled, hyaline produced within the globose asci that are 
borne singly within cavities scattered in the ascostroma.  
Glomerella – it produces dark perithecia either in groups or separately. Perithecial ostioles ae 
periphysates and well developed. Ascospores are hyaline, unicellular, oblong, ellipsoid or 
curved with pointed tips.  
Gnomonia- Perithecia are buried in the substrate and their prominent necks protrude from the 
surface and each ascus has a small refractive ring at the apex.  
 
ii) Fruit spot diseases 
Causal organisms  
Diaporthe vexans, causing fruit rot of eggplant  
Venturia inaequalis, causing apple scab 
Monilinia fructicola, causing brown rot of stone fruits 
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Symptoms 
These fungi cause most of their damage by their effect on the fruit, but they may affect other 
parts as well.  
 
Disease cycle  
Most of these fungi produce ascospores in perithecia and conidia on free hyphae, but they 
differ from one another in life cycles and the diseases they cause.  
 
Microscopic observations 
Diaporthe vexans- It produces perithecial ascocarps in stromata of fungal and substrate 
tissues or directly from somatic hyphae on the substrate. The asci have a pore and refractive 
apical ring and ascospores are hyaline and two-celled. Its anamorphic stage is Phomopsis 
vexans which produces hyaline, ovoid, one-celled conidia on conidiophores in the pycnidia .  
Venturia inaequalis- They produce globose pseudothecia or ascostromata with several 
locules. Ascocarps are firm and immersed in the substrate. Setae may surround the ostiole of 
the short neck. The ascospores are two celled, yellowish green, with the upper cell shorter 
and somewhat wider than the lower. Its anamorphic stage is Spilocaea pomi. It produces pale 
coloured, usually one-celled, flame shaped conidia on characteristic annelied (ringed) 
conidiophores. 
Monilinia fructicola- the apothecia are generally brown, and most often borne on stalks. 
Ascospores are generally hyaline, one celled, ovate or somewhat elongated. Its anamorphic 
stage is Monilia. It produces hyaline, one-celled, conidia in chains in sporodochia. 
 
Examination and record 
1. Note the symptoms of different fruit spot diseases and make a detailed study of the life 
cycle of the pathogens. 
2. Observe the host-parasite relationship under the compound microscope.  
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EXERCISE 8 

 Post Harvest Diseases of Fruits and Vegetables 

Objective: To study the symptoms, signs and host-parasite relationship of post harvest 

diseases of fruits and vegetables 

 

i). Penicillium rots (blue mould and green mould rots) 

Causal organisms: 
i. Penicillium expansum, causing soft or blue mould rot of apple 

ii. Penicillium italicum, causing blue mould rot of citrus fruits 

iii. Penicillium digitatum, causing green mould rot of citrus fruits 

(Teleomorph: Talaromyces spp.) 

Classification: Kingdom: Fungi, Division: Ascomycota, Class: Plectomycetes, Order: 

Eurotiales, Family: Eurotiaceae 

Symptoms: Symptoms at first appear as soft, watery, slightly discoloured spots of varying 

size and on any side of the fruit. The spots are shallow at first but quickly become deeper. 

Soon a white mould begins to grow on the surface of the fruit, near the centre of the spot and 

starts producing spores. The sporulating area has a blue, bluish green or olive green colour 

and is usually surrounded by white mycelium, and a band of water-soaked tissue. 

 

Disease cycle: Penicillium spp. overwinter in the mummified fruits and enter tissue through 
wounds. However, it can spread from infected fruit in contact with healthy ones through the 
uninjured skin also.  
 
Microscopic observations: The mycelium produces simple, long, erect conidiophores that 
branch about two thirds up to the tip and make broomlike structures, called ‗penicillus‘. The 
multiple branching of the conidiophores ends in a group of phialides that bear the long 
conidial chains. Conidia are globose to ovoid and resemble glass beads. 
 
ii). Aspergillus rot (black mould rot) 
Causal organism: Aspergillus niger (Teleomorph: Eurotium sp.) , causing black mould rot 
of pome and stone fruits, and black mould of onion  
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Classification: Kingdom: Fungi, Division: Ascomycota, Class: Plectomycetes, Order: 
Eurotiales, Family: Eurotiaceae 
 
Symptoms: On plants such as onion or peanut, Aspergillus niger can cause black mould to 
develop on bruised tissue, such as the roots or the neck where the vegetable meets the stalk. 
Often black mould will appear as a black discolouration after the vegetables have been pulled 
from the ground and stored for some time in a dark location with little ventilation.  
 
Disease cycle: The pathogen is soil-borne. It occurs widely in field soils, and as a saprophyte 
on dead planting material. During harvesting operations, the spores on infected foliage are 
dispersed and they spread the disease in the storage. Relatively high temperature and 
humidity favour the spore germination. Free water is required for fresh infection. 
 
Microscopic observations: The pathogen is dark brown to black in culture. The fungus 
produces readily recognizable conidiophores that consist of an erect unbranched stalk, a 
single swollen spherical vesicle, prophialides and phialides that line the surface of the vesicle 
and densely packed chains of spherical, black spiny conidia (2-5 µm in diameter). The 
conidia are dry and are easily dispersed by wind. 
 
iii). Brown rot 
Causal organism: Monilinia fructigena, M. fructicola, M. laxa (Anamorph: Monilia sp.) 
 
Classification: Kingdom: Fungi, Division: Ascomycota, Class: Discomycetes, Order: 
Helotiales, Family: Sclerotiniaceae 
 
Symptoms: Brown rot is a major disease of pome and stone fruits in certain countries while 
minor in others. The initial symptoms are the development of small circular brown spots. 
Infection may occur around the stem, calyx, injuries and insect punctures. Under humid 
conditions as the decay develops, tufts of white mould break through the skin often forming 
concentric circles around the point of infection site. In the presence of light abundant grey 
brown conidia are produced on the lesions. In absence of light, the fruits turn shiny black in 
storage, and there may be no spore formation.  
 
Disease cycle: Fruits infected in the early stages of development undergo rotting on the tree 
and turn into mummies which may remain attached or fall to the ground. These fungi 
overwinter on mummified fruits and blighted twigs in the orchard. In the sexual stage 
pathogen produces apothecia giving rise to ascospores and in asexual stage conidia are 
produced. The initial release of ascospores in the spring coincides with the emergence of 
blossom and young shoots. Occurrence of sexual stage is common in M. fructicola and less 
common in the other two species. Older fruits are infected through wounds by the conidia 
disseminated by air, rain splashes or insects. 
 
Microscopic observations: The conidia of Monilinia spp. are produced in sporodochia in 
monilioid chains without disjunctures. The apothecia, although rare except M. fructicola are 
light brown, about 3 mm across at maturity, cupulate or stipitate. Asci are eight-spored, 
hyaline and narrow ellipsoidal to ovoid.  
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iv). Grey mould rot 
Causal organism: Botryotinia fuckeliana ( Anamorph: Botrytis cinerea) 
 
Classification: Kingdom: Fungi, Division: Ascomycota, Class: Discomycetes, Order: 
Helotiales, Family: Sclerotiniaceae 
 
Symptoms: Grey mould rot can cause heavy losses especially in cherry and pear, perssimon, 
etc. The grey mould symptoms vary with the variety of fruit infected, the stage of ripeness 
and the temperature at which the rot develops. In calyx-end rot, the first symptom is a slight 
reddening of the skin surrounding the eye of the fruit. This lesion develops into a soft brown 
rot affecting the entire fruit. In the due course, the rotted portion is covered with a dirty white 
mouldy growth on the fruits.  
 
Disease cycle: The pathogen survives as sclerotia on plant debris and in the soil. Under 
favouable conditions conidia are produced which infect drying blossom and late invade the 
fruit. Grey mould rot that develops in storage from incipient infections at harvest occur 
principally at the stem or calyx end. Direct infections may occur through wounds. 
 
Microscopic observations: Conidia are one-celled, hyaline and round to ovoid. They are 
produced in clusters on the ends of branched conidiophores. Irregularly shaped sclerotia are 
also formed on the infected fruits fallen on the ground. 
 
v). Alternaria rot 
Causal organism : Alternaria alternata  
 
Classification: Kingdom: Fungi, Division: Ascomycota, Class: Deuteromycetes, Order: 
Moniliales, Family: Dematiaceae 
 
Symptoms: Alternaria rot has been recorded on pome and stone fruits from all producing 
areas. Typical Alternaria rot symptom is the dark grey mould which colonized the core cavity 
and proceed to rot the surrounding flesh. Occasionally the stem undergoes a black decay. On 
firm ripe fruits, Alternaria rot spots are dry, firm and shallow. Injured tissues are often 
invaded resulting in skin blemishes, small black corky lesions or yellow dark coloured rot. 
 
Disease cycle: A. mali can survive in soil as microsclerotia and chlamydospores. Under 
suitable conditions conidia are produced on plant debris and spread by rain and wind. These 
fungi are weak pathogens and unable to infect uninjured fruit. However, A. kikuchiana can 
invade healthy young fruits through stomata and lenticels causing numerous small black 
spots. 
 
Microscopic observations: The simple or branched conidiophores bear conidia singly or in 
chains. The conidia have up to eight transverse septa; and are obclavate , ovoid or ellipsoidal; 
and often have short beak. 
 
Examination and record 
1. Note the symptoms of different post harvest diseases of fruits and vegetables and make a 
detailed study of the life cycle of the pathogens. 
2. Observe their host-parasite relationship under the compound microscope.  
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EXERCISE 9 

 Diseases Caused by Basidiomycota- Rusts 

Objective: To Study the symptoms, signs and host-parasite relationship of diseases caused 

by Basidiomycota- Rusts 

 

The rust fungi mostly attack leaves and stems of various crop plants. Rust infections usually 

appear as numerous rusty, orange, yellow or even white coloured pustules that rupture the 

epidermis. Some cause swellings and even galls. Most rust infections are strictly local spots 

but some may spread internally to some extent. 

 

Causal organisms 
Puccinia graminis tritici, causing stem rust of wheat 
P. dianthi, causing rust of carnation 
Gymnosporangium juniperi-virginianae, causing cedar apple rust  
Phragmidium mucronatum, causing rose rust  
Uromyces appendiculatus, causing rust of legumes  
M. ciliata, causing poplar rust 
Tranzschelia discolor, causing rust of almond, peach and other stone fruits 
Classification: 
Kingdom: Fungi, Division: Basidiomycota, Class: Urediniomycetes, Order: Uredinales, 
Family: Pucciniaceae 
 
i) Stem rust of wheat (P. graminis tritici) 
Symptoms: The symptoms appear as elliptical blisters or pustules, known as uredia, that 
develop parallel with the long axis of the stem, leaf or leaf sheath. The epidermis covering the 
pustules is later ruptured irregularly and pushed back, revealing a powdery mass of brick red 
coloured uredospores. Later in season, the rusty colour of the pustules turns black and the 
fungus produces teliospores instead of uredospores and uredia are transformed into black 
coloured telia.  
Disease cycle: Puccinia graminis is a macrocyclic, heteroecious rust fungus producing 
spermogonia and aecia on barberry and uredia and telia on wheat and other cereals and 
grasses. In cooler regions, the fungus overwinters as teliospores on infected wheat straw 
debris. The stem rust pathogen is an obligate parasite and produces five distinct fruiting 
structures with five different spore forms that appear in a definite sequence. Basidiospores, 
aeciospores and uredospores can attack and infect host plants. The teliospores represent the 
only sexual, overwintering stage, which on germination produce the basidia. The basidium, 
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following meiosis, produces four haploid basidiospores. The basidiospores, on infection, 
produce haploid mycelium that forms spermogonia, containing haploid spermatia and 
receptive hyphae on the barberry leaves. Spermatia act as male gametes and are unable to 
infect plants. Their function is the fertilization of receptive hyphae of the compatible mating 
type and subsequent production of dikaryotic mycelium and dikaryotic spores. This 
mycelium forms aecia producing aeciospores on barberry leaves itself, which on infection of 
wheat further form more dikaryotic mycelium and finally uredia containing uredospores. 
Uredospores also infect and produce either more uredia and uredospores or near host 
maturity, telia and teliospores. The rust cycle is thus completed. However, in India, there is 
no role of barberry in the survival and yearly recurrence of this disease. The black rust 
pathogen is believed to survive on the ‗off season‘ wheat, volunteer and stubbles plants in the 
hills in the form of uredospore, from where the fresh infections start and travel to the plains in 
the North and South India.  
Microscopic observations: The teliospores are brown in colour, bicelled and stalked. The 
uredospores are oval, yellowish, spiny and pedicellate.  
 
ii). Bean rust (Uromyces appendiculatus) 
Symptoms: The fungus produces characteristic rust pustules on the hosts. The pustules are 
mostly found on the leaf blade, though often they are found on the petiole and stem of some 
hosts. The sori are small, round, open, powdery and brown coloured. They appear in groups, 
several sori coalescing to cover a large area of the leaf blade. In severe infections, the leaves 
wither away, resulting in considerable damage to the crop. 
Disease Cycle: Since the fungus is an obligate pathogen and autoecious in nature, it 
completes its life cycle on beans. The uredial stage repeats several times and it is often 
noticed on such hosts as species of Dolichus and Vigna. The urediospores build up in masses 
and are spread by wind to cause secondary infection. The fungus can perpetuate through the 
uredial stage as well as through the telial stage. The teliospores germinate to produce 
basidiospores, which after infection, produce pycnia, aecia and uredia. Pycnia appear in 
yellowish spots on the upper surface of leaves. Orange coloured aecia are formed on the 
lower surface of the leaf around the pycnia on the opposite side. 
Microscopic observations: The uredospores are echinulate, oval, and yellowish brown in 
colour, and measure 20-33 × 16-23 µ. The dark brown teliospores are elliptical to ovate, 
pedicellate, smooth walled, single-celled, with warty papillae at the top, and measure 24-33 × 
20-26 µ in size. 
 
Examination and record 
1. Study and record the symptoms of rust on different hosts. 
2. Observe the teliospores and uredospores under compound microscope. 
3. Draw diagrams of different stages of the rust fungi. 
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EXERCISE 10 

 Diseases Caused by Basidiomycota-Smuts  

Objective: To study the symptoms, signs and host parasite relationship of diseases caused by 

Basidiomycota- Smuts  

 

Causal organisms: 

Ustilago, causing corn smut (U. maydis), loose smut of cereals (U. avenae, U. nuda and U. 
iritici) 
Urocystis, causing onion smut (U. cepulae) 
 
Classification: Kingdom: Fungi, Division: Basidiomycota, Class: Ustilaginomycetes, Order: 
Ustilaginales, Family: Ustilaginaceae 

i). Loose smut of wheat  
Causal organism: Ustilago tritici 

Symptoms: In an infected plant usually all the heads and all the spikelets and kernels of each 

head are smutted and are transformed into a smut mass consisting of olive-green spores. 

Smutted kernels are at first covered by a delicate greyish membrane, which soon bursts and 

sets the powdery spores free.  

Disease cycle: The pathogen overwinters as dormant mycelium in the cotyledon of infected 

kernels. When planted, infected kernels begin to germinate and the mycelium resumes its 

activity and grows intercellularly through the tissues of the young seedling until it reaches the 

growing point of the plant. When the plant forms the head, the mycelium invades all the 

young spikelets, where it grows intracellularly and destroys most of the tissues of the spike, 

except the rachis. The mycelium in the infected kernels is soon transformed into teliospores, 

covered only by a delicate membrane. The membrane bursts open soon and spores are 

released.  

Microscopic observations: The mycelium is hyaline during its growth through the plant and 

it is hyaline changing to brown near maturity. The mycelial cells are transformed into brown, 

spherical teliospores, which germinate readily and produce a basidium consisting of one to 

four cells. The basidium produces no basidiospores, but its cells germinate and produce short, 

uninucleate hyphae that fuse in pairs and produce dikaryotic mycelium. 

 
ii). Corn smut 
Causal organism: Ustilago maydis  

Symptoms: When young corn seedlings are infected, minute galls form on the leaves and 

stems and the seedlings may remain stunted or may be killed. On older plants, infections 

occur on the young, actively growing tissues of axillary buds, individual flowers of the ear 

and tassel, leaves and stalks. Galls are fist covered with a greenish white membrane. Later, as 

the galls mature, they darken and turn into a mass of powdery, dark, olive-brown spores. The 

silvery grey membrane then ruptures and exposes the millions of sooty teleutospores, which 

are released into air.  
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Disease cycle: The fungus overwinters as teleutospores in crop debris and in the soil, where it 
can remain viable for several years. In the spring and summer, the teleutospores germinate 
and produce basidiospores, which are carried by air currents or are splashed by water to 
young developing tissues of corn plants. The basidiospores germinate and produce a fine 
hypha, which can enter epidermal cells directly. Later the hypha dies or fuses with a haploid 
hypha of compatible mating type. The resulting hypha becomes dikaryotic, enlarges in 
diameter and grows into the plant tissues mostly intercellularly and the cells surrounding it 
produce galls. The galls consist primarily of dikaryotic mycelium and plant cell remains, and 
the dikaryotic mycelium develops into teleutospores.  
Microscopic observations: The fungus produces dikaryotic mycelium, the cells of which are 
transformed into black, spherical, or ellipsoidal teleutospores. They germinate by producing a 
four-celled basidium (promycelium), from each cell of which a basidiospore (sporidium) 
develops. 
 
iii). Onion smut  
Causal Organism: U. cepulae. 
Symptoms: The fungus attacks the cotyledons of young plants soon after their emergence, 
causing dark, elongated, eruptive spots. On the older leaves the lesions may extend from the 
base to the tip, and appear as blisters. The severely affected plants may be killed in about a 
month after they emerge. On the bulb the outer scales are attacked similarly, resulting in 
blisters. The blisters rupture to expose masses of black powdery spores. 
Examination and record: 
1. Study the symptoms of various smuts of crop plants. 
2. Observe the teleutospores of different smut fungi under microscope and point out salient 
differences. 
3. Draw and label the life cycle of various smut fungi. 
 
iv). Rhizoctonia Diseases: 
Rhizoctonia diseases occur throughout the world. They cause losses on almost all vegetables 
and flowers, several field crops, turf grasses, and even perennial ornamentals, shrubs, and 
trees.  
Causal organism: Rhizoctonia solani (Thanatephorus cucumeris) causing root rot and web 
blight of many plants including beans, and black scurf of potato.  
Classification: Kingdom: Fungi, Division: Basidiomycota, Class: Basidiomycetes, Order: 
Ceratobasidiales, Family: Ceratobasidiaceae 
Symptoms: Symptoms may vary some-what on the different crops, with the stage of growth 
at which the plant becomes infected, and with the prevailing environment conditions. The 
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most common symptoms on most plants are damping-off of seedling and root rot, stem rot, or 
stem canker of growing and grown plants. On some hosts, however, Rhizoctonia also causes 
rotting of storage organs and foliage blights or spots especially of foliage near the ground. 
Microscopic observations: Rhizoctonia spp. exist primarily as sterile mycelium and, 
sometimes, as small sclerotia that show no internal tissue differentiation. Mycelial cells of the 
most important species, R solani, contain several nuclei (multinucleate Rhizoctonia), whereas 
mycelial cells of several other species contain two nuclei (binucleate Rhizoctonia). The 
mycelium, which is colourless when young but turns yellowish or light brown with age, 
consists of long cells and produces branches that grow at approximately right angles to the 
main hypha, are slightly constricted at the junction , and have a cross wall near the junction. 
The perfect stage of the multinucleate R.solani is Thanatephorus cucumeris, whereas that of 
binucleate Rhizoctonia is Ceratobasidium. A few multinucleate Rhizoctonia spp. (R.zeae and 
R.oryzae) have Waitea as their perfect basidiomycetous stage. 
Disease cycle: The pathogen overwinters usually as mycelium or sclerotia in the soil and in 
on infected perennial plants or propagative material such as potato tubers. In some hosts the 
fungus may even be carried in the seed. Its inoculum is present in most soils, and, once 
established in a field, remains there indefinitely. The fungus spreads with rain, irrigation, and 
flood water; with tools and anything else that carries contaminated soil; and with infected or 
contaminated propagative materials. 
Things to do:  
1. Study the symptoms of various Rhizoctonia diseases of crop plants. 
2. Observe different fungal structures under microscope and record salient features. 
 
v). Sclerotium Diseases: 
Causal organism: Sclerotium rolfsii (Teleomorph: Aethalium rolfsii) 
Classification: Kingdom: Fungi, Division: Basidiomycota, Class: Basidiomycetes, Order: 
Ceratobasidiales, Family: Ceratobasidiaceae 
Symptoms: Sclerotium diseases occur primarily in warm climates. They cause damping off 
of seedlings, stem canker, crown blight, root, crown bulb and tuber rot , and fruit rots. 
Sclerotium frequently causes severe losses of fleshy fruits and vegetables during shipment 
and storage. In the United States, they are often called southern wilts or southern blights and 
affect a wide variety of plants, including most vegetables, flowers, legumes, cereals, forage 
plants, and weeds. 
Disease cycle: The fungus overwinters mainly as sclerotia. It is spread by moving water, 
infested soil, contaminated tools, infected transplant seedlings, infected vegetables and fruits, 
and, in some hosts, as sclerotia mixed with seed. The fungus attacks tissues directly. 
However, the mass of mycelium it produces secrets oxalic acid and also pectinolytic, 
cellulolytic and other enzymes, and it kills and disintegrates tissues before it actually 
penetrates the host. Once established in the plants, the fungus advances and produces 
mycelium and sclerotia quite rapidly, especially at high moisture and high temperatue 
(between 30 and 35ºC). 
Microscopic observations: Sclerotium rolfsii produces abundant white, fluffy, branched 
mycelium that forms numerous sclerotia but is usually sterile, i.e., does not produce spores. 
Sclerotium rolfsii, which causes the symptoms described earlier on most of the hosts, 
occasionally produces basidiospores at the margins of lesions under humid conditions.  
Things to do:  
1. Study the symptoms of various Sclerotium diseases of crop plants. 
2. Observe different fungal structures under microscope and record salient features. 
 
vi). Wood rots and decays caused by Basidiomycetes: 



Fundamentals of Plant Pathology 

 

www.Agrimoon.com Page 196 

Huge losses of timber trees in the forest and in harvested wood are caused every by the 
wood-rotting Basidiomycetes.  
Causal organisms: 
Heterobasidion, causing root and butt rot of living trees 
Polyporus, a few species causing heart rot of living trees and rot of dead trees or logs 
Phellinus, causing root rots on most conifers and many hardwood trees, and brown cubical rot 
in buildings and in stored lumber 
Ganoderma lucidum, causing root and basal rots in conifers and hardwoods, in palms, and in 
other tropical plantation trees  
Chondrostereum purpureum, causing ‗silver leaf‘ of fruit trees as a result of decay of the 
interior of the tree trunk and branches, and heart rots of other trees 
Peniophora gigantia, causing decay in coniferous logs and pulpwood 
Symptoms: Depending on the tree part attacked, wood rots may be called root rots, root and 
butt rots, or stem rots. Fungi that cause tree or wood product decays grow inside the wood 
cells and utilize the cell wall components for food and energy. Some of them, the brown-rot 
fungi, attack preferably softwoods and break down and utilize primarily the cell wall 
polysaccharides (cellulose and hemicellulose), leaving the lignin more or less unaffected. 
Other wood rotters, the white-rot fungi, either decompose lignin and hemicellulose first and 
cellulose the last or decompose all wood components simultaneously, in either case reducing 
the woodpeckers or streaks separated by thin areas of firm wood. White-rot fungi are able to 
or preferably attack hardwoods normally resistant to brown-rot fungi. 
Things to do:  
1. Collect and study various sporophores of root and wood rotting fungi affecting fruit and 
forest trees. 
2. Obrserve the basidia and basidiospores under microscope. 
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EXERCISE 11 

 Bacterial Plant Diseases 

Objective: To study the symptoms, signs and host-parasite relationship of bacterial plant 
diseases 
 
Bacteria are very prokaryotic unicellular organisms. About 200 species of bacteria cause 
diseases in plants. 

i). Morphology 
Most plant pathogenic bacteria are rod shaped except Streptomyces, which is filamentous. 
The cell walls of bacteria of most species are enveloped by a viscous, gummy material, which 
if thin and diffused, is called a slime layer; but if thick, forming a definitive mass around the 
cell, is called a capsule. 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 (monotrichous) and others have a tuft of flagella at 
one end of the cell (lophotrichous), and still others have flagella, which are distributed over 
the entire surface of the cell (peritrichous). 

 
 

Observations and record 
1. Draw a well labeled diagram of a typical bacterial cell. 
2. Study the shape of different bacteria, and their flagellation. 
 
ii). Gram staining reaction  
Gram staining reaction differentiates bacteria into gram positive and gram negative types. In 
this reaction, bacteria fixed on a glass slide are treated with a crystal violet solution for 30 
seconds, rinsed gently, treated with iodine solution and rinsed again with water and then 
alcohol. Gram positive bacteria retain the violet-iodine stain combination because it forms a 
complex with certain components of their cell walls and cytoplasm. Gram negative bacteria 
have no affinity for the stain combination which is therefore, removed by the alcohol rinse 
and bacteria remain as nearly invisible as before. Of the rod shaped phytopathogenic bacteria, 
only the genera Clavibacter and Curtobacterium, and also Bacillus and Rhodococcus are 
gram positive. Agrobacterium, Erwinia, Pseudomonas, Xanthomonas and Xylella are gram 
negative. 
Procedure 
1. Make thin smears of bacterial culture on separate glass slides. 
2. After air drying, heat fix the smears. 
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3. Cover the smears with crystal violet for 30 seconds. 
4. Wash the slide with distilled water for a few seconds using wash bottle. 
5. Cover smear with iodine solution of 60 seconds. 
6. Wash off the iodine solution with 95 per cent ethyl alcohol. Add ethyl alcohol drop by 
drop, until no more colour flows from the smear.  
7. Wash the slides with distilled water and drain. 
8. Apply safranin to smear for 30 seconds. 
9. Wash with distilled water and dry the slides with blotting paper. 
Observations and record 
1. Note the Gram‘s reaction under microscope for pink or violet colour of the bacterial cells. 
 
iii). Bacterial Diseases 
Symptoms 
Plant pathogenic bacteria cause a variety of disease symptoms in plants, viz. leaf spots and 
blights, soft rots of fruits, roots, and storage organs, wilts, overgrowths, scabs and cankers. 
Any given type of symptom can be caused by bacterial pathogens belonging to several 
genera, and each genus may contain pathogens capable of causing different types of diseases.  
a. Bacterial spots and blights 
Causal organisms: 
Pseudomonas syringae pathovars cause diseases like wildfire of tobacco (P. syringae pv. 
tabacci), angular leaf spot of cucumber (P. syringae pv. lachrymans), halo blight of bean (P. 
syringae pv. phaseolicola), lilac blight (P. syringae pv. syringae) and bacterial speck of 
tomato (P. syringae pv. tomato).  
Xanthomonas campestris pathovars cause common blight of beans (X. campestris pv. 
phaseoli), bacterial spots of stone fruits (X. arboricola pv. pruni), and of tomato and pepper 
(X. campestris pv. vesicatoria). 
b. Bacterial vascular wilts 
Clavibacter (Corynebacterium) causes ring rot of potato (C. michiganense subsp. 
sepedonicum) and bacterial wilt and canker of tomato (C. michiganense subsp. 
michiganense). 
Curtobacterium (Corynebacterium) flaccumfaciens causes bacterial wilt of bean. 
Erwinia causes bacterial wilt of cucurbits (E. tracheiphila), Stewart‘s wilt of corn (E. 
stewartii) and fire blight of pome fruits (E. amylovora) 
Ralstonia (Pseudomonas), causes the southern bacterial wilt of solanaceous crops and the 
Moko disease of banana (R. solanacearum). 
Xanthomonas, causes black rot and black vein of crucifers (X. campestris pv. campestris). 
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c. Bacterial soft rots  
Erwinia ―carotovora‖ or ―soft rot‖ group, causes soft rot of numerous fleshy fruits, 
vegetables, and ornamentals (E. carotovora pv. carotovora), and blackleg of potato (E. 
carotovora pv. atroseptica). 
Pseudomonas causes soft rot of fleshy fruits and vegetables (P. fluorescens), such as the pink 
eye disease of potato, the slippery skin disease and the sour skin of onion. 
Bacillus, causes rotting of potatoes and tobacco leaves in storage, of tomato seedlings, and 
those of soybean. 
Clostridium causes rotting of potatoes, and tobacco leaves in storage and the wet wood 
syndrome of poplar and elm. 

 

 

d. Bacterial galls 
Agrobacterium causes crown gall of many woody plants, primarily stone and pome fruits, 
willow, and grapes (A. tumefaciens), hairy root of apple (A. rhizogenes), and cane gall of 
raspberries and blackberries (A. rubi). The kind of symptoms produced is actually determined 
not by the species of Agrobacterium, but by the kind of plasmid they carry: bacteria carrying 
a tumor inducing (Ti) plasmid induce crown gall, whereas bacteria carrying a root inducing 
(Ri) plasmid produce hairy root symptoms. Another species, A. radiobacter carries neither of 
the plasmids, and thus causes no disease.  
Pseudomonas causes the olive knot disease and the bacterial gall or canker of oleander (P. 
syringae subsp. savastanoi). 

 

 

e. Bacterial cankers  
Pseudomonas causes the bacterial canker of stone and pome fruit trees (P. syringae pv. 
syringae and P. syringae pv. morsprunorum). 
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Xanthomonas causes the bacterial canker of citrus (X. axonopodis, formerly X. campestris 
pv. citri). 
 

 

f. Bacterial scabs 
Bacterial scabs are caused by species of Streptomyces. The most important ones are the 
common scab of potato and of other belowground crops (S. scabies) and the soil rot or pox of 
sweet potato (S. ipomoeae). 
 

 

Fastidious vascular bacteria 
The fastidious vascular bacteria that cause plant diseases cannot be grown on simple culture 
media in the absence of host cells. 
a. Fastidious xylem limited bacteria  
Fastidious xylem-inhabiting bacteria are generally rod shaped and are bounded by a cell 
membrane and a cell wall. They have no flagella. The cell is usually undulating or rippled. 
Nearly, all fastidious xylem limited bacteria are gram negative. Several such xylem-limited 
bacteria have been placed in the genus Xylella. All fastidious xylem bacteria are unable to 
grow on conventional bacteriological media. Gram negative xylem-inhabiting fastidious 
bacteria are transmitted by xylem-feeding insects, such as sharp shooter, leaf hoppers and 
spittle bugs.  
Symptoms: The symptoms of diseases caused by fastidious xylem-inhabiting bacteria often 
consist of marginal necrosis of leaves, stunting, and general decline and reduced yields. Such 
symptoms are probably caused by plugging of the xylem by bacterial cells and by a matrix 
material of bacterial and of plant origin. In some diseases, however, such as phony peach, no 
marginal leaf necrosis occurs, and in others, such as sugarcane ratoon stunting, the only 
diagnostic symptom is stunting and an internal discoloration of the stalk. 
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Among the most important plant diseases caused by fastidious xylem-limited, gram-negative 
bacteria are Pierce‘s disease of grapevine, citrus variegation chlorosis, phony peach disease, 
almond leaf scorch, and plum leaf scald.  
 
b. Fastidious phloem limited bacteria 
Fastidious phloem-limited vascular bacteria are generally rod-shaped cells 0.2 to 0.5 µm in 
diameter by 1 to 4 µm in length. They are bounded by a cell membrane and a cell wall, 
although in some phloem inhabiting bacteria the cell wall appears more as a second 
membrane rather than a cell wall. They have no flagella. The cell is usually undulating or 
rippled. Nearly all fastidious vascular bacteria are gram negative.  
Symptoms: The symptoms of diseases caused by fastidious phloem-inhabiting bacteria often 
consist of leaf stunting and clubbing; in some cases they may appear as shoot proliferation 
and witches‘ broom, and as greening of floral parts. In some of these diseases, symptoms are 
often mild and sometimes are followed by spontaneous recovery. Phloem-limited bacteria are 
so far known to cause very important diseases like citrus greening, yellow vine disease of 
watermelon and other cucurbits, the bunchy top disease of papaya, and some minor diseases 
of clover (club leaf) and periwinkle. 
 
Phytoplasma 
Phytoplasma are wall-less, pleomorphic, unicellular, prokaryotic organisms; bound by aunit 
memberane, and have cytoplasm, ribosomes and strands of nuclear material. They were 
earlier called MLO‘s and were found to be associated with several yellows and witches‘ 
broom diseases after their discovery by Doi et al. in 1967. They are different from 
mycoplasma in the sense that they can not be cultured on synthetic media. The change in 
terminology from MLO‘s to phytoplasma occurred since the studies of DNA homology in the 
highly conserved genes encoding ribosomal RNA and ribosomal protein. It showed that the 
phytoplasma comprise a coherent group distinct from other prokaryotes. Their closest 
relatives are in the genus Acholeplasma. As they have not been cultured on artificial medium 
in vitro and characterized apart from their host, they are referred to Candidatus status. They 
are associated with about 200 plant diseases including aster yellows, apple proliferation, 
peanut witches‘ broom, peach-x-disease and elm yellows. They are phloem inhabiting 
organisms and are graft transmissible in nature, and can also be transmitted by leaf hoppers. 
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Observations and record 
1. Study the symptoms of bacterial and phytoplasma diseases of various horticultural crops. 

2. Examine cultures of various types of bacteria and describe their characteristics in terms of 

nature of growth, margin, topography and colour.  

3. Examine specimens of various bacterial diseases.  

4. Perform Gram‘s reaction. 
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EXERCISE 12 

Viral Diseases of Horticultural Plants 

Objective: To study the symptoms, signs and host-parasite relationship of diseases caused by 

viruses and virus-like plant pathogens in horticultural crop plants 

 

A 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. 

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 plant 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 are of 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 
x 300 nm, 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 nm. Rhabdoviruses are short, bacillus like, 
cylindrical rods, approximately three to five times as long as they are wide (52–75 x 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 x 
25nm) and a shorter one (43 x 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. 
 
Symptoms of viral diseases 
Almost all viral diseases seem to cause some degree of dwarfing or stunting of the entire 
plant and reduction in total yield. The most obvious symptoms of virus-infected plants are 
usually those appearing on the leaves, but some viruses may cause striking symptoms on the 
stem, fruit, and roots; while they may or may not cause any symptom development on the 
leaves. The most common types of plant symptoms produced by systemic virus infections are 
mosaics and ring spots.  
Mosaics are characterized by light-green, yellow, or white areas intermingled with the 
normal green of the leaves or fruit or of lighter–colored areas intermingled with areas of the 
normal color of flowers or fruit. Depending on the intensity or pattern of discolourations, 
mosaic-type symptoms may be described as mottling, streak, ring pattern, line pattern, vein 
clearing, vein banding, or chlorotic spotting.  
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Ring spots are characterized by the appearance of chlorotic or necrotic rings on the leaves 
and sometimes also on the fruit and stem. In many ring spot diseases, the symptoms but not 
the virus, tend to disappear later on. 
A large number of other, less common virus symptoms have been described and include stunt 
(e.g., tomato bushy stunt), dwarf (barley yellow dwarf), leaf roll (potato leaf roll), yellows 
(beet yellows), streak (tobacco streak), pox (plum pox), enation (pea enation mosaic), 
tumours (wound tumor), pitting of stem (apple stem pitting), pitting of fruit (pear stony pit), 
and flattening and distortion of stem (apple flat limb). These symptoms may be accompanied 
by other symptoms on other parts of the same plant. 

 

 

Observations and Record  
1. Study the symptoms produced by viruses and viroids in the horticultural crops. 
2. Study the morphology of common virus particles infecting horticultural plants of your area 
under electron microscope. 
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EXERCISE 13 

Parasitic Algae and Flowering Plants 

Objective: To study the characteristics of parasitic algae and flowering plants and their 

relationship with their hosts 

 

Algae 

Parasitic green algae occur on cultivated plants but are generally overlooked because of their 
green colour. Cephaleuros is the best known genus. It is a plant parasite living under leaf 
cuticle. It was first reported from India in19th century, causing damage to tea and coffee 
plantations. Now, over 400 hosts of Cephaleuros are recorded all over the world infecting 
hibiscus, orchids, euphorbias, citrus and forest trees. Ninety per cent of the hosts are dicots. 
Cephaleuros infections were earlier confused with fungal infection. There are 13 species of 
Cephaleuros, out of which C. parasiticus and C. virescens are most common and cause 
maximum damage. C. virescens causes red rust of tea and mango.  
 
Symptoms: Fluffy, bright orange red spots occur on leaves and stems that look very much 
like rust fungi. In fact, C. virescens has the misleading common name ‗red rust‘. Species of 
Cephaleuros have fungus-like filaments, sterile hairs and produce sporangiophores and 
zoosporangia on the lower surface of leaves that look like downy mildew fungi. Necrosis 
may be limited to the epidermis or spread into the deeper tissues of the leaves. Severe 
damage usually occurs on older leaves leading to defoliation. 

 

 

Fungi parasitize Cephaleuros to form lichens. The lichenized state of C. virescens is identified as 

Strigula elegans. Early literature suggests that the fungus portion of the lichen (mycobiont) was 

responsible for plant damage. But, more recent findings show that the fungus parasitizes the alga, 

not the plant. Plant injury is caused by the alga much before a fungus colonizes it. 
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Flowering Parasitic Plants 
 
Root parasites 
Striga: Striga (witchweed) is a root hemiparasite, and the seedlings above ground do form 
chlorophyll. Striga has made greater impact than any other parasitic angiosperm. It attacks 
important crops like maize, sorghum, pearl millet, rice, sugarcane and legumes (cowpea, 
groundnut etc.). Two species, S. asiatica and S. hermonthica cause maximum damage to 
crops. Its English name witchweed is due to its effects on the host, prior to the appearance of 
the parasite above ground. 

 

 

Striga has a complex life cycle. It produces thousands of ‗dust‘ seeds that are disseminated by 
wind and rain. The seeds after a dormant ‗ripening‘ period of several months, respond to 
chemical signals exuded by the host. The chemical signals enable the Striga seeds to detect 
the type of host and its distance from the host. Seed germination of Striga, as in all obligate 
root parasites, is cryptocotyler i.e. the cotyledons remain within the seed when the radical 
comes out. The radical produces root hair like structures that glue it to the host. If the host is 
suitable, a haustorium is formed that penetrates and forms a link with the host vascular 
system. Once the parasite is established, the distinctive seedling of Striga is formed 
underground, which lacks chlorophyll, possesses scale leaves, and produces abundant 
adventitious roots that form additional haustoria, establishing more connections with the host. 
The parasitic seedlings exert great influence on the growth-regulating metabolism of the host, 
stimulating root production. Significant damage to the host occurs at this stage. The next 
stage is emergence of the seedlings above ground. Chlorophyll develops, and in due course, 
flower and seeds are formed. The life cycle is ready for a repeat. 
A major problem in control is persistence of the tiny seeds in the soil. Ethylene gas is 
introduced into the soil to induce seed germination, which becomes suicidal in absence of the 
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host. Equipments and application methodologies have been developed to introduce the gas 
into the soil. Up to 90% seeds germinate by this method, and die in absence of the host.  
 
Orobanche (broomrape): This is an obligate root holoparasite, infecting legumes, 
solanaceous crops, carrot, cabbage, cauliflower, lettuce and sunflower. Total crop failure may 
occur in heavily infested soils. The parasite appears as whitish, yellowish or brownish stems, 
about 30 cm high that arise from the roots of infected host, and bear beautiful flowers, 
besides bracket-like leaves lacking, chlorophyll. In general, Orobanche is a parasite of colder 
climate and need 10-20oC of temperature for seed germination. This is the reason why it 
attacks tobacco during winter in India, but fails to infect sunflower during summers in the 
same field. 

 

Seed germination requirements of Orobanche are different from those of Striga. It needs low 
temperature (10-20oC); the germinated seeds are geotropically neutral i.e. they do not grow 
downward in the soil and ethylene has no stimulatory effect. Its control is difficult due to the 
high longevity (more than 5 decades) of the seeds in the soil, their extremely small size (less 
than the thickness of human a hair), their production in extremely large number, and 
subterranean infection. 
 
Stem Parasites 
Cuscuta (dodder) 
It is obligate stem holoparasite and is among the best-known of all parasitic plants. Its 
slender, twining, orange-yellow, leaf less stems form conspicuous tangled mass on the host. 
The host range is large, though monocots are less preferred. Dodders are most important 
parasites of legumes. C. campestris is the most widely distributed among the ten species that 
attack crops. It causes considerable damage to alfalfa, flax, sugar beet, onion and other crops. 
It also transmit viruses. 
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The most effective means of control is seed sanitation and mechanical removal from the 
infested plants.. Several herbicides are effective on newly-germinated seeds.  
 
 
 
Mistletoes 
Mistletoes are stem hemiparasites occurring in three families of the order Santalales as 
follows:  
Family Loranthaceae: Showy mistletoes  
Family Santalaceae: sandalwood  
Family Viscaceae: Viscum album (leafy mistletoe) 
The showy ―mistletoes‖ produce large and beautiful flowers that are pollinated by birds. The 
co-evolution of these parasites and the birds is also suggested by the seed dispersal 
mechanism operating in the birds. Santalaceae, the sandalwood family, have a few members 
(Pyrularia etc.) that cause negative impact on their hosts. Family Viscaceae is called 
―Christmas mistletoe family‖, because their shoots with the white berries are used as door 
festoons during Christmas in temperate countries. Numerous folklores are associated with 
mistletoes. 

 

 

Examination and record 
1. Study the disease symptoms caused by algae. 
2. Draw and label the life cycle of parasitic flowering plants. 
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EXERCISE 14 

 Culture Media and Sterilization  

Objective: Preparation of culture media and sterilization  

 

Culture media 

Microorganisms can be cultured in the laboratory on artificial substrates called culture media 
which contain a variety of substances. Most microorganisms require about one per cent of a 
carbon source in the form of sugar, less than 0.5 per cent of a nitrogen source as salt or yeast 
extract and small quantities of phosphate, sulphur, potassium, magnesium and traces of 
calcium, iron, zinc, manganese and molybdenum. These nutrients are supplied to the 
organisms in different inorganic forms, depending upon their capacity to utilize them.  
The culture media commonly used in the laboratory are classified into non-synthetic (natural) 
and synthetic or organic and inorganic media. Non-synthetic media include organic 
substances with complex or simple molecules, while synthetic media consist of chemicals of 
known molecular structure and composition. Such media may be in liquid, solid or semi-solid 
form. In order to solidify the liquid medium containing the various ingredients one to two per 
cent agar agar or 10-20 per cent gelatin is added. In a Plant Pathology Laboratory, different 
synthetic media are prepared, e.g. Richard‘s, Czapeck-Dox etc. along with some specific 
media required for specific purposes. However, a non-synthetic potato-dextrose-agar (PDA) 
medium is routinely prepared and used.  
 
Preparation of synthetic media 
Dissolve weighed quantities of chemicals in measured quantities of water. Adjust the pH to 
the required level by adding N/10 NaOH or N/10 HCl. Filter the contents through absorbent 
cotton wool or a double layer of cheese cloth. Dispense filtrate into test-tubes or flasks. Plug 
them with cotton, and sterilize the medium in the test tubes and flasks in an autoclave at the 
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right temperature and steam pressure. For preparing solid agar medium, half the quantity of 
water is used for dissolving the chemicals and the remaining half for dissolving the agar agar 
powder. The agar is dissolved in water by slow heating with constant stirring. The melted 
agar is added to the other half of the medium containing the chemicals. Usually the pH is 
adjusted before mixing with agar. The mixture is then dispensed into tubes or flasks as 
desired, the mouth plugged with non-absorbent cotton and sterilized in an autoclave. 
 
Preparation of potato-dextrose-agar medium 
Composition 

Peeled potatoes – 250 g 

Dextrose (D-glucose) – 20 g 

Agar agar – 20 g 

Distilled water- 1000 ml 

Procedure 
Boil the peeled and sliced potatoes (250 g) in water for 30 minutes and then strain the broth 
through double-layered cheesecloth. Make the volume to one litre by adding distilled water. 
Add dextrose (20g) and agar agar powder (20 g) and sterilize the media in an autoclave. 
 
Sterilization 
Sterilization is the process of freeing a substance from living organisms. Several sterilization 
processes can be adopted in the laboratory, depending upon the material to be sterilized. 
Sterilization can be accomplished by direct heating over a flame, exposure to dry heat in a hot 
air oven or steam heat under pressure in an autoclave, filtration through suitable 
microbiological filters, chemical treatments and exposure to UV light, X-ray and 
radioactivity as follows: 
i. The inoculating needle, scalpel, scissors and other metallic instruments used in handling 

microorganisms and the host tissues in the laboratory are usually surface sterilized by 

rectified spirit, and by heating over a flame for a few seconds.  

ii. Glassware such as Petri dishes and pipettes are sterilized by heating at about 100oC for 2 

hours in a hot air oven.  

iii. Since moist heat is efficient in penetrating materials, it is used for sterilizing laboratory 

media. Usually test tubes or flasks containing media are autoclaved at 10 p.s.i. pressure 

(115.5oC) for 30 minutes, 15 p.s.i. pressure (121.6oC) for 15 minutes or 20 p.s.i. pressure 

(126.6oC) for 10 minutes, depending upon the substance contained in the medium.  

iv. In case high temperature is likely to spoil the chemical composition of the medium, 

pasteurization can be adopted. It is a process by which the flasks or tubes containing the 

medium are steam heated at 60oC for one hour, on three successive days.  

v. Materials which are destroyed even by minimum heating are sterilized either by treating 

with chemicals or by exposure to UV or X-ray.  

vi. Sterilization through a sintered glass filter or Seitz filter or Millipore filter helps to 

preserve the qualities of the media which are likely to be destroyed by heat or exposure to 

different light rays. 
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Things to do: 
1. Prepare the Richard‘s and potato dextrose agar media and make slants and keep in 250 ml 
Erlenmeyer flasks, sterilize at 15 p.s.i. pressure in the autoclave and store in a refrigerator for 
further use. Record the procedure in the note book. 

 

 

 

EXERCISE 15 

 Isolation of Fungal and Bacterial Plant Pathogens 

Objective: To isolate the fungal and bacterial plant pathogens from soil, seed and affected 

plant parts 

 

Preparing for isolation 

1. Procure already sterilized glassware, such as petri dishes, test tubes, and pipettes 
2. Prepare solutions for treating the surface of the infected or infested tissue to eliminate or 
markedly reduce surface contaminants that could interfere with the isolation of the pathogen. 
The most commonly used surface sterilants are 0.5 per cent sodium hypochlorite solution, 
used both for wiping infected tissues or dipping sections of such tissues in it and for wiping 
down table or bench surfaces before making isolations; and 70 per cent ethyl alcohol, which 
is used for leaf dips for three seconds or more. The tissues must be blotted dry with a sterile 
paper towel. 
3. Prepare culture media on which the isolated fungal or bacterial pathogens will be grown. 
The most commonly used medium is potato dextrose agar (PDA), which is good for most, but 
not all fungi; water agar or glucose agar (1–3% glucose in water agar) for separating some 
oomycetes (Pythium) and fungi (Fusarium) from bacteria; V-8 and other less rich media, 
which encourage fungal sporulation; and nutrient agar, which contains beef extract and 
peptone and is good for isolating bacterial plant pathogens. Fungi can also be separated in 
culture from bacteria by adding 1 or 2 drops of a 25 per cent solution of lactic acid to 10 
milliliters of the medium before pouring it in the plate, which inhibits the growth of bacteria.  
 
Pouring the plates 
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Properly sterilized culture media are melted (if stored as in the previous exercise), allowed to 
cool somewhat, and are subsequently poured from the flasks into sterilized petri dishes, test 
tubes, or other appropriate containers. If agar was added, the medium will soon solidify and is 
then ready to be used for growth of the fungus or bacterium. Pouring of the culture medium 
into petri dishes, tubes, and so on is carried out as aseptically as possible either in a separate 
culture room or in a clean room free from drift and dust. In either case, the work table should 
be wiped with ethyl alcohol, hands should be clean, and tools such as scalpels, forceps, and 
needles should be dipped in alcohol and flamed to prevent introduction of contaminating 
microorganisms. Working in a laminar flow hood greatly helps to grow the desired fungus 
free of airborne contaminants.  
Although most fungi and most bacteria can be cultured on nutrient media with ease, some of 
them have specific and exacting requirements and will not grow on most commonly used 
nutrient media. Some groups of fungi, namely Erysiphales causing the powdery mildew 
diseases, and the oomycetes (Peronosporaceae) causing downy mildews, are considered 
strictly obligate parasites and cannot be grown on culture media but can be grown on leaf-
containing dishes. Another group of fungi, Uredinales, which cause the rust diseases of 
plants, were, until the late 1960s, also thought to be strictly obligate parasites. Since then, 
however, it has become possible to grow some stages of some rust fungi in culture by adding 
certain components to the media so rust fungi are no longer impossible to grow in culture, 
although they are, of course, obligate parasites in nature and, therefore, are aptly termed as 
biotrophs. Fastidious phloem- and xylem-limited bacteria also either are impossible to grow 
in culture so far or must be grown on special complex nutrient media. Of the other pathogens, 
only spiroplasmas have been grown in culture. None of the phytoplasmas and none of the 
viruses, nematodes, or protozoa have been grown on nutrient culture media so far. 
 
 
Methods of isolation 
Methods to be adopted for isolation of plant pathogens depend on the nature of the latter 
particularly in relation to its presence in the host cells and the form in which it is present. 
Methods that are recommended for different cases are stated below: 
 

S No.  Method Pathogens involved 

1. Induction of sporulation prior to isolation Leaf spotting fungi which sporulate comparatively 

easily 

2. Induction of mycelial growth For deep seated infections and poorly sporulating 

fungi 

3. Host inoculation Badly contaminated and slow growing pathogens 

4. Dilution technique For bacteria and micro-organisms with large 

number of reproductive bodies 

5. Direct isolation Organisms that are present in pure colonies 

 
 
 
Isolating the Pathogen 
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From Leaves 

i) Fungi 

1. Cut across several small sections of 5 to 10 mm square size from the margin of the infected 

lesion so that they contain both diseased and healthy looking tissue.  

2. Place them in one of the surface sterilant solutions, making sure that the whole surface gets 

wet. After about 15 to 30 seconds, the sections are taken out aseptically one by one and at 

regular intervals (e.g. every 10–15 seconds) so that each of them has been surface sterilized 

for different times.  

3. The sections are then washed in three changes of sterile water; blotted dry on clean sterile 

paper towels, and are finally placed on the nutrient medium, usually three to five bits per petri 

dish aseptically. 

4. Incubate the inoculated petri dishes at 25OC for 3-5 days.  

5. If fruiting structures (pycnidia, perithecia) are present on the leaf, it is sometimes possible 

to pick them out, drop them in the surface sterilant for a few seconds, and then plate them on 

the nutrient medium.  

 

ii) Bacteria  
The serial dilution method is often used to isolate pathogenic bacteria from diseased tissues 
contaminated with other bacteria. After surface sterilization of sections of diseased tissues 
from the margin of the infection, the sections are ground aseptically but thoroughly in a small 
volume of sterile water and then part of the homogenate is diluted serially in equal volumes 
or 10 times the volume of the initial water. Finally, plates containing nutrient agar are 
streaked with a needle or loop dipped in each of the different serial dilutions, and single 
colonies of the pathogenic bacterium are obtained from the higher dilutions that still contain 
bacteria. 
 
From stems, fruits, seeds, and other aerial plant parts 
Almost all the methods described for isolating fungal and bacterial pathogens from leaves can 
also be used to isolate these plant pathogens from superficial infections of stems, fruits, 
seeds, and other aerial plant parts. Entire seeds can be plated. In addition to these methods, 
however, plant pathogens can often be isolated easily from infected stems and fruits in which 
the they have penetrated fairly deeply. This is accomplished by splitting the stem or breaking 
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the fruit from the healthy side first and then tearing it apart toward and past the infected 
margin, thus exposing tissues not previously exposed to contaminants and not touched by 
hand or knife and therefore not contaminated. Small sections of tissue can be cut from the 
freshly exposed area of the advancing margin of the infection with a flamed scalpel and can 
be plated directly on the culture medium. 
 
From roots, tubers, fleshy roots, vegetables and fruits in contact with soil 
Isolating pathogens from any diseased plant tissue in contact with soil present the additional 
problems of numerous saprophytic organisms invading the plant tissue after it has been killed 
by the pathogen. For this reason, the first step in isolating the pathogen is repeated thorough 
washing of such diseased tissues to remove all soil and most of the loose, decayed plant 
tissue in which most of the saprophytes are present. If the diseased root is small, once it is 
washed thoroughly, pathogens can be isolated from it by following one of the methods 
described for isolating pathogens from leaves. If isolation is attempted from fleshy roots or 
other fleshy tissues penetrated only slightly by the pathogen and showing only surface 
lesions, the tissue is washed free from adhering soil, and several bits of tissue from the 
margin of the lesions are placed in Clorox solution. The tissue sections are picked from the 
solution one by one, washed in sterile water, blotted, and placed on agar in petri dishes. If the 
pathogen has penetrated deeply into the fleshy tissue, the method described earlier for stems 
and fruits can be used most effectively, namely breaking the specimens from the healthy side 
first and then tearing toward the infected area and plating bits taken from the previously 
unexposed margin of the rot. 
 
Proving Koch’s postulates 
German microbiologist, Robert Koch, identified a set of four conditions which had to be 
satisfied to establish that a particular organism is the causative agent of a particular disease. 
These conditions are known as Koch‘s postulates.  
1. Isolate the associated microorganism from the infected tissues using the standard isolation 

method. 

2. Purify the culture, if contaminated, following the purification techniques like hyphal tip 

method in case of fungi. 

3. Wash a healthy leaf or fruit or a twig.  

4. Surface sterilize it with ethyl alcohol or other disinfectant and rinse with 2-3 changes of 

sterile water. 

5. Transfer these sterilized parts into Petri plates or trays lined with moistened sterile filter 

paper.  

6. Inoculate them at the centre with a mycelial disk cut from the margins of the growing 

pathogen culture keeping one uninoculated plant part as control. 

7. Incubate the plates at an optimum temperature (say 25oC) for 3-5 days or until the disease 

appears. 

8. Re-isolate the microorganism from the diseased plant part in the potato dextrose agar 

plates. 

9. Incubate the plates at 25oC for 5-7 days. 

10. If the symptoms both on the naturally and artificially inoculated parts are similar and the 

pathogen is the same in both the isolations, the Koch‘s isolates are proved. 

 
Things to do: 
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1. Isolate fungal and bacterial plant pathogens one each; and prove Koch‘s postulates for 
them. 
 

 

 

 

 

 

 

EXERCISE 16 

 Fungicidal Solutions, Slurries and Pastes, and their Applications 

Objective: To prepare the fungicidal solutions, slurries and pastes and their applications 

along with precautions in their handling 

 

Fungicides are the chemicals used against fungi to control diseases caused by the latter. Due 

consideration should be given to their efficacy, economy and safety. 

i) Fungicide formulations 
Fungicides are manufactured as technical material which are further processed into 
formulations to get even distribution of the active ingredients over the application area. Each 
formulation has its own special characteristics. The most commonly used formulations are as 
under: 
a) Solid 

 • Dusts are free flowing powders containing technical material in the 
range of 2 to 10 per cent and inert carrier. 

 • Granule products contain technical material in the range of 3 to 10 per 
cent and granule base. 

 • Water dispersible powders or Wettable Powders (WP) are free flowing 
powders containing technical material mostly in the range of 25 to 75 per 
cent, and contain wetting and dispersing agents and carriers. 

b) Liquid 

 Water soluble liquids (SL) are liquid formulations based on technical 
material which are insoluble in water and contain 36 to 85 per cent 
technical material and solvent. 
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 Emulsifiable concentrates (EC) are liquid formulations based on technical 
material which are not soluble in water and contain 25 to 80 per cent 
technical material, solvent and emulsifier. 

 Fumigant formulations used for indoor application for storage of grains. 

c) Other formulations  

 Water soluble powders are similar to water dispersible powders but active 
ingredient is insoluble in water. 

 Flowable concentrates are slurry like formulations mixable in water. 
 Aerosols are liquids under pressure filled in cans which on release give a 

misty spray. 
 ULV formulations are liquid formulations suitable for ultra low volume 

applications. 

 

ii) Significance of symbols on the pesticide label  
Toxicity levels of different pesticides are based on their LD50 values and are evident from 
the warning (triangle) symbols present on the package as below:  
 

Toxicity 

category  

Acute 

oral 

toxicity 

LD50 

(mg/Kg)  

Colour 

of the 

triangle  

Signal 

word 

required 

on the 

label  

Warning symbols 

on the label  

Extremely 

toxic  

0-50  Red  POISON  

(With 

skull & 

bone mark 
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Preparation of spray solution 
 
To ascertain the quantity of fungicide needed for required gallonage of spray solution, 
following formula is used: 
Quantity of the fungicide required (in g/ml)= 
Percentage of solution desired x Quantity of spray solution required (in ml) 
_______________________________________________________ 
Given strength of fungicide formulation  
 
Example: If 100 litres of 0.25 per cent mancozeb is to be prepared from Dithane M-45 (75 % 
W.P.), the required quantity of fungicide can be calculated as: 
Quantity of the fungicide required= 
0.25 x 100 x 1000 = 25 x 100 x 1000 = 0.333 x 1000 = 333g 
75 100 x 75 
 
However, in case of fungicides, the strength of the formulated product is generally not 
considered and the given strength is always taken as 100 per cent. Because mostly, the spray 
recommendations are made on the basis of the finished products/formulations, and the given 
strength is, thus, taken as 100 percent, until and unless desired and spray recommendation is 
made on the basis of on the basis of active ingredient (a.i.).  
 
Therefore, mancozeb required for 100 L of water will routinely be calculated as follows: 
 
Quantity of the fungicide required (in g/ml)= 0.25 x 100 x 1000 
100 

above it) 

 

Moderately 

toxic  

501-

5000  

Blue  DANGER  

 

Slightly 

toxic  

More 

than 

5000  

Green  CAUTION  

 



Fundamentals of Plant Pathology 

 

www.Agrimoon.com Page 218 

= 25 x 100 x1000 = 250g 
100 x 100 
 
Procedure: Mix the measured quantity of the fungicide in a small quantity of water, say 5-10 
litres water in a separate bucket. Put this concentrated mixture in the required quantity of 
water in a bigger container as per the requirement. Then, add the required quantity of the 
sticker etc. if needed as in the rainy weather. Keep stirring the contents with a wooden rod 
frequently, so that the fungicidal suspension does not settle down, thereby varying its 
concentration in different fractions.  
 
iv) Application of fungicides 
Fungicides are applied by different appliances or methods, based on their formulations and 
nature of pathogen attack. 
 
Pesticide application equipments are available in a variety of sizes ranging from small to big 
keeping in view the application capacity and the source of energy. These application 
equipment may be either manually or power operated. They can be further classified into 
movable and portable appliances. Movable appliances are those which can be moved around 
on wheels or lifted by two or more persons. Portable equipments can be carried by one 
person. In the field, knapsack, foot and power sprayers, and rotary dusters are commonly 
used.  
 
Things to do: 
1. Acquaint yourself with different fungicide formulations. Note down their common names, 
brand names, contents, use and application rates. 
2. Prepare the fungicidal spray solutions, paints and pastes. 
3. Spray and apply them in the field, and observe and note down all the precautions while 
their handling.  
 

 



  
  
  
  
  

 
Topic

Introduction to laboratory equipment's and their uses



Cavity slide 
USES: cavity slide has one or more shallow depressions ("wells"), designed
to hold   slightly thicker objects, and certain samples such as liquids and
tissue cultures.

Centrifuge 
A centrifuge is a device that uses centrifugal force to separate various
components of a fluid. This is achieved by spinning the fluid at high speed
within a container, thereby separating fluids of different densities (e.g.
cream from milk) or liquids from solids. It works by causing denser
substances and particles to move outward in the radial direction. At the
same time, objects that are less dense are displaced and move to the
centre.



Conical- Flask
Erlenmeyer flasks are also used in microbiology for the preparation
of microbial cultures. Erlenmeyer flasks used in cell culture are
sterilized and may feature vented closures to enhance gas
exchange during incubation and shaking. The use of minimal liquid
volumes, typically no more than one fifth of the total flask volume,
and baffles molded into the flask's internal surface both serve to
maximize gas transfer and promote chaotic mixing when the
flasks are orbitally shaken. 

Cotton blue

Lactophenol Cotton Blue (LPCB) Staining is a
simple histological staining method used for the
microscopic examination and identification of
fungi.



Dissecting binocular microscope

The dissecting microscope is configured to allow low
magnification of three-dimensional objects- objects
larger or thicker than the compound microscope can
accommodate. Furthermore, the two separate lenses
of the binocular dissecting microscope allow one to
see objects in three dimensions, i.e., in stereo.

Dropping bottles

An alternative to pipetting devices, allow for the
repeated, consistent, accurate dispensing of reagents
one drop at a time or in a stream. The dropper control
tip on dropping bottles snaps securely into place,
providing a leak-proof seal.



Eye peace of microscope

Eyepieces work in combination
with microscope objectives to further magnify the
intermediate image so that specimen details can be
observed.

Objective lense
The objective lens of a microscope is the one at
the bottom near the sample. At its simplest, it is
a very high-powered magnifying glass, with very
short focal length. This is brought very close to
the specimen being examined so that the light
from the specimen comes to a focus inside the
microscope tube. The objective itself is usually a
cylinder containing one or more lenses that are
typically made of glass; its function is to collect
light from the sample.



Fungus culture plate
General purpose media that are
commonly used for fungal culture are Sabouraud
dextrose, malt extract and less commonly brain heart
infusion medium. To prevent contamination of the
medium by bacteria, chloramphenicol is used, but
prevents the growth of Actinomyces, which others grows
well on Sabouraud dextrose agar. Colony morphology is
a method that scientists use to describe the
characteristics of an individual colony of fungi growing
on agar in a Petri dish. It can be used to help to identify
them.

Facial tissues 

Facial tissues are one of those convenient
products that can be used for various odds and
ends, making them a handy item to have around
the office. Tissues are particularly useful for quick
clean-ups and spills as well as dusting, and can 
be used as padding for delicate items.



Glass microscope slides

Diamond White Glass microscope slides are
ideal for all routine applications, automated
instruments, long-term storage, and
fluorescence studies where the highest
optical quality is required. The glass is
specially formulated for minimal oxidation
during long-term storage.

Glass Micro Cover Slips

Specimens are often held into place using
the smaller glass cover slips. The main
function of the cover slip is to keep solid
specimens pressed flat, and liquid samples
shaped into a flat layer of even thickness.
This is necessary because high-resolution
microscopes have a very narrow region
within which they focus.



Glass Petri dish
A Petri dish (alternatively known as a Petri plate or cell-
culture dish) is a shallow transparent lidded dish that
biologists use to hold growth medium in which cells can 
be cultured, originally, cells of bacteria, fungi and 
small mosses. The container is named after its inventor, 
German bacteriologist Julius Richard Petri. It is the most 
common type of culture plate. The Petri dish is one of the
most common items in biology laboratories and has
entered popular culture.

Glass beaker

A beaker is a cylindrical glass or plastic
vessel used for holding liquids. It is a multi-
 purpose piece of equipment used for
containing a chemical reaction, measuring
liquids, heating them over a Bunsen burner's
flame or collecting them in a titration
experiment.



Graduated pipette

A graduated pipette is a pipette with its volume, in
increments, marked along the tube. It is used to
accurately measure and transfer a volume of liquid
from one container to another. It is made from plastic
or glass tubes and has a tapered tip.

Hot air oven

Hot air ovens are electrical devices which use dry
heat to sterilize. They were originally developed by
Pasteur. Generally, they use a thermostat to control
the temperature. Their double walled insulation keeps
the heat in and conserves energy, the inner layer
being a poor conductor and outer layer being metallic.









Incubators
Incubators are used to grow microbial culture or cell
cultures.
Incubators can also be used to maintain the culture
of organisms to be used later.
Some incubators are used to increase the growth
rate of organisms, having a prolonged growth rate
in the natural environment.

Inoculating Loop

An inoculation loop, also called a smear loop,
 inoculation wand or microstreaker, is a simple
tool used mainly by microbiologists to pick up and
transfer a small sample (inoculum) from a culture of
microorganisms, e.g. for streaking on a culture plate.



Inverted microscopes 

Inverted microscopes are used in
micromanipulation applications where space above
the specimen is required for manipulator
mechanisms and the microtools they hold, and in
metallurgical applications where polished samples
can be placed on top of the stage and viewed from
underneath using reflecting objectives.

Light microscope

The light microscope is an instrument for
visualizing fine detail of an object. It does this by
creating a magnified image through the use of a
series of glass lenses, which first focus a beam
of light onto or through an object, and convex 
objective lenses to enlarge the image formed.









Magnascope
Bench Magnifier is used for finding fine pitch
component placement accuracy; quality of
solders including bridges in reflowed solder,
blow holes, checking of colour codes etc.
We can check surface for assemblies in
watches, meters, instruments. ...
It is also used for checking skin textures and
skin examinations.

Magnifying glass
Magnifying glasses are a simple optical
devices used for viewing details of objects with
some magnification. They are sometimes
regarded as being the same as loupes, but
precisely speaking a loupe is used in a close
distance from the eye, while magnifying
glasses (or hand lenses) are held at a larger
distance.



Leminar air flow

Laminar air flows can maintain a working area
devoid of contaminants. ... Laminar
Flow Cabinets are suitable for a variety
of applications and especially where an individual
clean air environment is required for smaller items,
e.g. particle sensitive electronic devices.

Laboratory Digital Analytical Balance

An analytical balance (or lab balance) is a class
of balance designed to measure small mass in the
sub-milligram range. ... They use an
electromagnet to generate a force to counter the
sample being measured and output the result by
measuring the power(and resulting force) needed
to achieve balance.



Laboratory Dissecting Scissors

Scissor Dissection. Scissors are
often used in surface
tissue dissection in gross anatomy
labs, classrooms, morgues, and
medical examiner or coroner offices.

 
 

 

Laboratory forceps

Forceps are used when fingers are
too large to grasp small objects or
when many objects need to be held
at one time while the hands
are used to perform a task. The
term "forceps" is used almost
exclusively in the fields of biology
and medicine.



Laboratory refrigerator

The refrigerator in a laboratory is one of the most
important equipment. Its function is to maintain, in a
controlled environment (refrigerated space), various
fluids and substances, so that they are kept in good
condition the lower the temperature, the lower
chemical and biological activity.

Measuring Cylinders 
A Measuring Cylinders / graduated cylinder /
 cylinder measuring / mixing cylinder is a piece of
laboratory apparatus used to measure the volume of
a liquids, chemicals or solutions during the lab daily
work. Graduated cylinders are more precise and
accurate than the common laboratory flasks and
beakers.



Multi tube vortex shaker

The Multi-Tube Vortex is designed for mechanical and
chemical cell lysis, mixing suspensions, and general
sample agitation. This vortex mixer gives a distinctly
different motion than shaking a sample.

Parafilm

Parafilm M is commonly used in health care,
pharmaceutical and research laboratories for
covering or sealing vessels such as flasks, cuvettes,
test tubes, beakers, petri dishes and more. Because it
melts quickly when heated, Parafilm M is not safe
for use in an autoclave.







Pasteur pipette

An eye dropper, also known as a Pasteur pipette, or
dropper, is a device used to transfer small quantities
of liquids. They are used in the laboratory and also to
dispense small amounts of liquid medicines. A very
common use was to dispense eye drops into the eye.

 
 

 

 

PREPARED MICROSCOPE SLIDE KIT
In microscopy, slides are particularly important
and are used as placeholders for the specimen
under observation. ...
A nicely prepared slide should provide clear,
visible images that provide excellent details for
analysis.



 
Test tube
Culture tubes are test tubes used in biology and related
sciences for handling and culturing all kinds of live organisms,
such as molds, bacteria, seedlings, plant cuttings, etc.. Some
racks for culture tubes are designed to hold the tubes in a
nearly horizontal position, so as to maximize the surface of
the culture medium inside.

Test tube holder
A test tube holder is used to hold test tubes. It is used for
holding a test tube in place when the tube is hot or should not
be touched. For example, a test tube holder can be used to hold
a test tube while it is being heated.



Test tube holder rack
Test tube racks are laboratory
equipment used to hold upright multiple test
tubes at the same time. They are most
commonly used when various different
solutions are needed to work with
simultaneously, for safety reasons, for
safe storage of test tubes, and to ease the
transport of multiple tubes.

Tissue culture flask
Tissue culture is an important tool for the study
of the biology of cells from multicellular
organisms. It provides an in vitro model of
the tissue in a well defined environment which
can be easily manipulated and analysed.



Vacuum desiccators 
Vacuum desiccators remove air and moisture with
the use of an in-house
laboratory vacuum or vacuum pump and can be brought
back to vacuum easily after opening. Vacuum
desiccators can also be used for degassing techniques.

Volumetric flask
A volumetric flask (measuring flask or graduated flask) is a
piece of laboratory apparatus, a type of laboratory flask,
calibrated to contain a precise volume at a certain
temperature. Volumetric flasks are used for precise dilutions
and preparation of standard solutions.



Wash  bottle
A wash bottle is a squeeze bottle with a nozzle, used
to rinse various pieces of laboratory glassware, such as
test tubes and round bottom flasks. Wash bottles are
sealed with a screw-top lid.








WATCH GLASS
It function as a lid for beakers. 
A watch glass is often used to house solids
being weighed on the scale. 
Used for observing precipitation patterns and
crystals, it can also be used for drying solids.
Used in maximize the drying rate, a watch
glass can be placed inside a fume hood to
provide good air circulation for an adequate
amount of time.



Well slides

This cover protects a subject from drying but
also avoids dust or other particles depositing
themselves on your precious specimen and
you can always view it through the coverslip
with a low power objective. (I use it mainly
when leaving subjects for some hours in
fixative or glycerine).

Filter papers

Popular thin filter papers, Grade 595 
provides medium-fast flow rate and fine
particle retention. It is used in a variety of
routine analytical applications, including:
Particle separation from food extracts.
 Filtration of solids from digested
environmental samples for iCP/AAs
analysis.



Autoclave

They are used to decontaminate certain biological
waste and sterilize media, instruments and lab ware.
Regulated medical waste that might contain
bacteria, viruses and other biological material are
recommended to be inactivated
by autoclaving before disposal.

Counting dishes 

These counting dishes can 
be used for counting nematodes in water
suspension, for example. The model can contain a
maximum of 10 ml suspension. The grid is 7.5 x
3.5 in size and fits a 40 times magnification under
the dissecting microscope.



Oil immersion 

In light microscopy, oil immersion is a technique
used to increase the resolving power of
a microscope. This is achieved by immersing both
the objective lens and the specimen in a transparent
oil of high refractive index, thereby increasing
the numerical aperture of the objective lens

Haemocytometer

The haemocytometer (or haemocytometer
 or counting chamber) is a specimen slide
which is used to determine the
concentration of fungal spores or bacterial
cells in a liquid sample.
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EXERCISE1:Generalstudyofrepresentativegeneraoffungi.

Genus:Synchytrium
The fungus produces endobiotic and holocarpic thallus.Itmay become

converteddirectlyintoagrouporsorusofsporangiaormayform aprosoruswhichlater
givesrisetoasorusofsporangia.Intherestingstage,thethallusbecomesaresting
sporangium whichfunctionsassorusorprosorus.
Procedure,observationsandrecord:
1.ExaminepotatotubersinfectedwithSynchytrium endobiotichum.Notetheeffectof

infectiononthehost.
2.Observe prepared slides ofthe sections ofinfected tubers.Search foryoung

prosorus,matureprosorus,germinatingprosorus,sorusofsporangiaandresting
sporangium.

3.Observethesizeofthenucleiinyoung,matureandgerminatingprosorus.
4.Notetherelativethicknessofthewallsoftheprosorusandtherestingsporangium.
StudyoffungibelongingtoorderPeronosporales:

Theperonosporalesconstituethemostadvancedorderofbiflagellateoomycetes.
Amongthem areaquatic,amphibiousandterrestrialforms.Themycelim iscoenocytic,
welldevelopedandeucarpic.Thesporangiaremainattachedtothehyphaeinlower
forms,butaredeciduousinthehigherforms.Biflagellatrereniform zoosporesare
producedasarule,butsporangiaofthemostadvancedtypesdirectlygerminateby
germtube.Plasmogamyisbygametangialcontactresultinginformationofoospores.
Theorderisdividedinto3families.

(1)Pythiaceae
(2)Peronosporaceae,and
(3)Albuginaceae

Genus:Pythium
Procedure,observationsandrecord:
1.ExamineapurecultureofPythium sp.growingonmedium inpetriplates.Prepare

temporarymountsandexaminecoenocyticnatureofhyphae.
2.Placethepetriplate,withthecolonyinit,onthestageofmicroscope,lookfor

sporangia.Searchfortransparentbubblelikestructurecalled“vesicle”.
3.Studythesporangiaandtheircontentsunderhighpower.Notethatthesporangia

remainattachedtothemycelium evenafterthezoosporesarereleased.
4.Examineyourmountsforoogonia,antheridiaandoospores.Usuallyoneoosporeis

presentineachoogonium.Oneofseveralantheridiaareattachedtothesideof
oogonialwall.Notethefertilizationtube.

Genus:Phytophthora
Procedure,observationsandrecord:
1.ExaminepotatoleavesinfectedbyP.infestans.Cutaportionofaninfectedpartand

placein5mlof10%solutionofKOH.Heattheliquidtoaboilingpointtomakeit
somewhattransparent.Placethematerialonaslidewiththelowerepidermisofthe
leaffacingup.Examineundermicroscope.

2.Look forsporangiophores emerging from leafstomata.Studya stomata and
surrounding epidermalcells,find sporangiophores,ifpossible with attached
sporangia.



3.Scrap some sporangiophores,mountin lactophenoland note the sympodial
branchingandindeterminategrowthofthesporangiophores,andthelemonshaped
papillatesporangia.

4.Collectfreshsporangiaandplacethem intoafew dropsofwater.Prepareslides
from thesuspensionandplaceinmoistchamber.Incubateonesetatabout100C
andtheotheratabout240C.Observeatintervalsbeginningafter3-4hours,andnote
themethodofgermination.

5.StudyotherspeciesofPhytophthorawhicharemadeavailabletoyou.Observe
asexualandsexualorgans.

Genus:Albugo
Procedure,observationsandrecord:
1.Examineplantspecimensinfectedwith“whiterust”andnotethewhitecrustsonthe

surface.Scrapeoffsomeofthismaterialandmountinlactophenol.Notethatthe
crustiscomposedprimarilyofsporangia.

2.Studypreparedslidesshowingcross-sectionsofleavesinfectedwithAlbugoand
observesomatichyphae(coenocytic)sporangiophores(short,club shaped and
borne subepidermally),sporangia (more orless spherical,formed in chains),
hautoria,antheridia,oogonia,periplasm,ooplasm,oospheres and oospores
(thickenedwall).

Genus:PeronosporaandSclerospora
Procedure,observationsandrecord:
1.Examineinfectedleavesandnotethedownygrowthontheundersurfaceofthe

leaves,whichconsistsofsporophoresbearingspores.
2.Mountsomesporophoresonaslideunderacoverglass.Notethetypeofbranching.

AdichotomousbranchingistypicalofthegenusPeronospora.InSclerospora,the
sporangiophorescomprisesofaswollenhyphabearingseveraluprightbranchingat
theapex.

3.Examineoosporicmaterialsandnotethethickoosporewall.

Soruswith
sporangia



Studyofascomycetcesfungi:Tapherina,Erysiphe,ClavicepsandSclerotinia
Genus:Tapherina
The Tapherinales are parasites on plants.In culture they resemble yeasts and
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reproducebybudding.Innaturetheygrowintercellularlyinthehostformingbinucleate
hyphae.Thisfurtherbreaksupintochlamydospores-likecellsfrom whichtheasciarise
nakedonthehostsurface,formingahymenium.
Procedure,observationsandrecord:
1.Collectinfectedturmericleaves(T.maculans)andpeachleaves(T.deformans).
2.Cutfinesections,mountthem inlactophenolandobserveasci.
3.Studypreparedslidesshowinghymenium layerwithasciatdifferentstagesof

development.
4.Observethestalkcells,theasciandascospores.
Genus:Erysiphe
Biotrophic parasites,mycelium ectophytic,ascomata basicallycleistothecial,thick
walled,dark-browncoloured,withcomplexappendages,ascioneorfew perascoma,
anamorphoidium like.
Procedure,observationsandrecord:
1.CollectplantsinfectedwithErysipheandexamineunderadissectingmicrosope.

Notethehyphaewhichform awhitematovertheinfectedportions.Stripaportion
oftheepidermisandmountinlactophenol.Studythehyphaeofthefungus.

2.Observetheerectconidiophoresandtheconidialchainsundermicroscope.
3.Mountsomecleistotheciainlactophenol.Notetheappendagescharacteristicsof

thegenus(myceloid).
4.Pressonthecoverglasswithamountedneedleandwatchtheasciwithascospores

breakoutofthecleistothecia.
5.Studytheascigenousstagesofasmanyasaremadeavailabletoyouandnotethe

appendagesparticularlythetipsandbaseoftheappendages,andtothemannerin
whichthetipsmaybebranched.Thiswillenableyoutodistinguishthegenerafrom
eachother.

Genus:Claviceps
The species ofgenus Claviceps are mainly parasites ofgrasses,infecting the
inflorescenceandcausesthediseasecalled‘ergot’.Theinfectedearsofplantsproduce
sclerotiawhicharehighlytoxictoanimalsandhumanbeings,andcausethedisease
conditionscalled‘ergotism’.Theyareeasilydistinguishedbythecharacteroftheirasci
andascospores.Theascushasathickcap,performedbyacentralnarrow canal
throughwhichtheneedleascosporesaresuccessivelyejected.
Procedure,observationsandrecord:
1.IfpurecultureofanyClavicepssp.isavailable,studycolonycharactersandsomatic

hyphae.
2.Prepareslidesofmycelium matesshowinglayersofconidiophores.Observethe

largenumbersofconidiaproduced.Theconidioferousmycelium matsdevelop
eventuallyintothesclerotia.

3.Examineinfectedearheadsandnotethesize,shapeandcolourofsclerotia.Cut
crosssectionsofthesclerotia.Notethepseudoparenchymatoustissuecomposing
therindandtheinteriorofthesclerotia.

4.Incubateafewsclerotiaatsuitabletemperatureandmoisture.Observegerminated
sclerotiabearingstroma.Cutlongitudinalsectionsthroughastromaandobserve
thepositionofperithecia.Notetheostiole,theperiphyses,theasciandascospores.

Genus:Sclerotinia



Ascomata (Apothecium)usually stalked,arising from a sclerotium orfrom the
stromatized hosttissue,often brown,asciwith an apicalring,ascospores often
longitudinallysymmetrical.
Procedure,observationsandrecord:
1.Collectfreshinfectedplants(stems,fruits),mountasmallportionofinfectedtissue

andnotetheeasewithwhichthehostcellscanbeseparated.Alsoobservethe
numeroushyphaeofthefungus.

2.Obtainpurecultureandstudysomaticstructures.
3.Scrapsomeofthegraypowderysubstanceofinfectedplantpartsandmount.Study

charactersofconidiophoresandconidia.
4.Sclerotiaalongwithinfectedhosttissuesfallonthegroundandsurvive.Under

suitableconditionstheygerminateandbearapothecium.Makeathinsectionofa
portion ofan apothecium and observe hymeniallayer,paraphyses,asciand
ascospores.

Stagesinthe
developmentofascus



Studyofrustfungi(Class:Teliomycetes,Order:Uredinales)
Theuredinalesaretheplantrusts.Theyarespecializedparasiteswithavery

complexlife-cycle.Basidiocarplacking,teliosporesgroupedinsoriorscatteredwithin
hosttissues.The basidialapparatus is represented by the teliospores.Before
karyogamyitis called probasidium and afterkaryogamyitis hypobasidium.The
promycelium is the epibasidium.The basidiospores are formed on shortpointed
sterigmataandforciblydischarged.

Rustfungiareeithermacrocyclicormicrocyclic.A mcrocuclicrustpasses
throughthefollowingphasesintheordergiven:
Stage0 : Spermagoniabearingspermatiaandreceptivehyphae.
StageI : Aeciabearingaeciospores.
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StageII : Urediabearinguredospores.
StageIII : Teliabearingteliospores.
StageIV : Promycelium bearingbasidiospores.

Theteliosporeswhichareconsideredtorepresenttheperfectstageoftherusts
maybefree,looselyarranged,orfusedintoacompacthead,acrustoracolumn.
Procedure,observationsandrecord:
Family:Pucciniaceae

Thestalkedteliosporesconstitutethecharacteristicfeature.Thegeneraare
basedonteliosporemorphology,aecialcharacteristicsandlife-cyclepattern.
Genus:Puccinia

P.graministritici - Blackrustofwheat
P.recondita - Brownrustofwheat
P.striformis - Yellowrustofwheat

StudyofPucciniaspp.asfollows:
i. Examine infected barberry leafunderdissecting microscope.None the tiny

spermagoniaontheupperepidermis.Inverttheleafandobserveclustercups(aecia)
pushingthroughlowerepidermis(stage0andI).

ii.Studyamatureaecium.Notethebasal“aeciosporesmothercells”from whichthew
chainofaeciosporescanbeobserved.

iii.Now examine infected wheatleavesand stems.Notethe rustycolourofthe
pustulesandthepatternsoftheirdistribution.Scrapthepustulegentlyandmount
ontoaslideinlactophenol.Notethecolourofthespores,theirshape,andmethodof
attachment.Studythewall,itsthickness,itsminutespinesandgermpores(stageII,
uredial).

iv.Cutcross-sectionsfrom infectedplantpartsbearinguredia.Observeoriginofuredia
andtheireffectsonthehosttissuesparticularlytheepidermis.Notethelongstalks
oftheuredospores.

v.Observeinfectedleavesandstemsofwheatbearingtelialstageofthefungus.Note
colouranddistributionofpustules.Studyteliosporesinalactophenolmountand
notetheircolour,shape,numberofcells,stalkandthicknessofthewall.

vi.Cutcross-sectionsfrom infectedplantparts(bearingtelialstage)andobservethe
mannerinwhichteliosporesareformedandtheirpositionwiththehostcellsandto
eachother(stageIII).

vii.Studytheteliosporesofallthethreerustsinfectingwheatandnotedifferencesin
shape,numberofcellsandtheirlocationinthehosttissues.

Genus:Uromyces(Puccinella)
Uromycesischaracterized bystalked unicellularteliosporesthickend attheapex.
ImportantspeciesincludeU.appendiculatus(beanrust),U.ciceris(gram rust),U.pisi
andU.febae(pearust).
Procedure,observationsandrecord:
i. ExaminepeaplantsinfectedwithUromycesfebae.Notethedistributionofthe

pustulesonplantparts.Allgreenpartsofthehostincludingpodsareaffected.
ii.Studythenatureofaecium.Aeciaarehypophyllouscupulateandscatteredoverthe

entireleaf.Cutcross-sectionandexamineaeciospores.Aeciosporesarebroadly
ellipsoidal,wallhyaline,finelyverrucorseandthick.



iii.Theuredialsorideveloponbothsurfacesoftheleavesandotherpartsoftheplants.
Examineandnotetheirdistributionandcolour.Scrapuredialsoriandcutcross
sections.Examine them under high power microscope.You willnote that
uredosporesarebroadlyellipsoidal,wallluteoustosienna,veryfinelyechinulate,
thick,having3-6equatorialorscatteredpores.

iv.Theteliopustulesoccurinthesamesorusastheuredia.Notetheirdistributionand
colour(mostcommononstemsandpetiolesandalmostblackincolour).

v.Scraptelialpustulesandcutcrosssectionsandmountlactophenol.Examinetheir
colour,shape,numberofcells,stalkandwallthickness.Theteliosporesaresingle
celled,broadlyellipsoidal,obovoidalorcylindrical,slightlybullateattheapex,wall
chestnutsmooth,thickatthesidesandabove,pedicesupto100µm long.

Family:Melampsoraceae
TheMelampsoraceaeproducesinglecelled,sessileteliosporesunitedlaterally

intocrustsorcolumns.
Genus:Melampsora-M.lini(Rustofflax)
Procedure,observationsandrecord:
1.Visuallyexamineinfectedlinseedplantandnotethedistributionandcolourof

uredialpustules,urediaoccurinlargenumbersonbothsurfaceofleavesandother
aerialpartshavingbrightorangecolour.

2.Scrap uredialpustulesand also cutcrosssectionsand mountin lactophenol.
Examinetheshape,size,colouranddistributionoftheuredosporesinthehost
tissues.Uredia are amphigenous and caulicolous and irregularly scattered.
Paraphyses intermixed with urediospores,capitate and hyaline.Uredospores
ellipsoiadalorobovoidal,wallhyalineandfinelyechinulate.

3.Thetelialstageappearslateandformedmostlyonthestems.Thebrowntoblack
teliaappearascrustscoveredbyepidermis.Notethesecharacters.

4.Scrapaswellascutcrosssectionstoexamionetelialstage.Teliaamphigenous,
andculmicolous,circularorelongatedal;ongwithstems,oftenfusedandcovering
largeareas,subepidermalandblack.

5.Theteliosporesarecylindrical,wallluteous,thickatsides,siennatochestnut.

Uredosoruscontaining
urediospores

Teliosoruscontainingteliospores



Studyofsmutfungi(Class:Teliomycetes,Order:Ustilaginales)
1.The Ustilaginales are the smuts. They produce their basidiospores on a

promycelium whichgrowsoutofgerminatingteliospores.
2.Incontrasttotherusts,thesmuts-

a.Producetheirteliosporesfrom intercalaryhyphalcells.
b.Beartheirbasidiosporesnotonsterigmatabutsessile.
c.Donotdischargetheirbasidiosporesviolently,and
d.Producenospecializedsexorgans.

3.The Ustilaginales are divided into two families:the Ustilaginaceae and the
Tilletiaceae.

Procedure,observationsandrecord:
Family:Ustilaginaceae
Genus:Ustilago
1.Theteliosporesofthefamilyproducea3-septate(4celled)promycelium from

whichthebasidiosporesarebuddedofflaterally.
2.ExamineplantpartsinfectedwithvariousUstilagospp.andnotetheconversionof

hostpartsintoblackpowder.Examinesoriwhicharenakedorcoveredbyhost
tissuesbutnocolumella.

3.Mountsomesmutsporesandexamineundermicroscope.Notetheminutespines
onthesurfaceofthespores,thethickwalls,thecolourandthesizeofspores.

4.Makeahangingdropofsomesmutsporesindistilledwaterandatthenext
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laboratoryperiod,studythegerminationofthespores.
Genus:Tolyposporium
StudytheteliosporesofthegenusandcontrastwithUstilago.Noteparticularlythe
sporegroupingswhicharecharacteristicsofthisgenusandthepresenceorabsenceof
membranearoundthesmutballs.InTolyposporium thesporesremainunitedinto
permanentballsandarenoteasilyseparable.Promycelium producedisseptatewith
lateralandterminalsporidia.
Family:Tilletiaceae
Genera:TilletiaandNeovossia
1.Theaeciosporesproduceanonseptatepromycelium whichbearsaclusterof

basidiospores(sporidia)atthetip.
2.ExaminegrainsofwheatinfectedwithTilletiaspp.
3.Studytheteliosporesandnotetheirsize,colour,thicknessofwallandsurface

markings.
4.Preparehangingdropsofteliosporesindistilledwaterandexamineatthenext

laboratoryperiodforgermination.
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Studyoffungifrom Deuteromycetousgroup
Genus:Colletotrichum
Colletotrichum iscommonfungusonanumberofplanthostscausing“anthracnose”.
Shortconidiophoresareproducedinacervulus.Thisfungususuallyproducesdark
browntoblacksetaeintheacervulus.
Procedure,observationsandrecord:
1.Observe a culture ofC.lindemuthianum underthe high powerofa binocular

dissectingmicroscope.
2.Notethebristle-like,brownorblack,setaeineachacervulus.
3.Observethecolourofconidialmasses.
4.Mountaportionofacervulusorasectionthoroughanacervulusformedonhostpart.
5.Studythesetaeandconidia.
6.Studyconidiophores.Theyaresimple,hyaline,aseptateandpacked.
7.CompareandcontrastwithGleosporium.
Genus:Alternaria

Somespeciesareparasiticcausingleafspotsandblightsofplants;othersare
saprobic.StudythecultureofAlternariaaswellasinfectedplantparts.
1.Makeslidesusinglactophenolandobservemycelialnetworkwhichareslender,

septate,branched,hyalineinitially,becomingbrownatmaturity.
2.Observeconidiophoreswhichareshortanddarkcoloured.
3.Observeconidiawhicharelarge,darkbrown,obclavate,bottleshapedwithabroad

cuplikebaseandnarrowbeak,multiseptatewithanumberoftransverse(5-10)and
afewlongitudinalsepta.Theconidiaaremostlyformedinchain.

TOLYPOSPORIUM TILLETIA

NEOVOSSIA
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4.BringinfectedleavesofBrassicasp.andobservedevelopmentofconcentricrings.
5.Makeslides(throughscrappingandsections)andobservehyphae,conidiophores

andconidia.
Genus:Cercospora
Parasiticcausingleafspotsorblotchofhigherplants.
1.Collectinfecteddiseasedplantsaswellascultureofthefungus.
2.Maketemporarymountsusinglactophenolbothfrom thediseased plantsand

culture.
3.Observethecharacterofhyphaewhichareseptate,branchedorunbranched,hyaline

orcoloured,intercellular.
4.Observethecharacterofconidiophoreswhichareseptate,branchedorunbranched

hyalineorcoloured.
5.Theconidiaarelong,roundatthebaseandtaperingabove,slightlycurvedhaving4

–5septa.
Genus:Fusarium
Facultativeparasitecausesdamping-off,rootrot,soft-rot,dry-rotandwilt.
1.StudyacultureofFusarium whichproducesbothmacro-conidiaandmicro-conidia.
2.Prepareaslidefrom thefungalgrowthandobservemacro-conidiawhicharelarge,

hyalineorpale,spindleshapedwithpointedends;hencethenamefusus=spindle.
3.Observemicro-conidiawhicharesmall,hyaline,elliptical,ovoidorcurved,unicellular

orwithoneortwosepta.Theyareabstractedfrom thetipsofthesimpleor
branchedconidiophores.

4.Mountaportionofmycelialgrowthandnotethelargenumberofchlamydospores
whichmayberound,oval,thickwalled,formedsinglyorinchains,terminalor
intercalary.

Genus:Helminthosporium
Severalspeciescausediseasesofcerealsandgrasses.Obtaindiseasedspecimen

andculture.Studyandobservethefollowings:
1.Developtemporarymountsusinglactophenolandtheculture.
2.Observemycelialthalliwhicharebranched,septate,lighttodarkbrown.
3.Themycelium inthehosttissuesareeitherinterorintracellular.
4.Locateconidiophoreswithconidiaandstudyconidialattachment,shape,colourand

septationofconidia.Conidiophoresareerect,browntodarkbrown,theconidiaare
multi-septate,brown-darkbrown,cylindricaltofusiform.

Genus:Pyricularia
1.Maketemporarymountsusinglactophenolfrom thecultureaswellasdiseased

plantparts.
2.Observeconidiophoreswhichareerect,simple,rarelybranched,septate,hyalineto

lightcoloured,ultimatecellssympodulae.
3.Studythecharactersofconidia.Theyareellipsoid,ormoreoftenpyriform,broader

andtruncatedattheattachmentpoint,taperingtowardsthedistalends,mostlyone
totwoseptatehyalinetolightpigmented.
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EXERCISE2:Stainingandmountingofdifferentpathogens.

Mountingofculturesformicroscopicexamination:
Most fungiare directly suitable for microscopic examination withoutprevious
preparationorsectioning.Anappropriateportionofafungalpreparation(culture)is
chosenusingthenakedeyeorunderapreparative,stereoscopicmicroscopeand
placedintoadropofwaterontheslide.Someinvestigatorsuse0.1M NaClindistilled
water.Thecoverslipis“placedcarefully”overthespecimenandpressureapplied
accordingtoneed.Underlow magnification,thecoverslipcanbetappedtoseparate
thefunguselements:

Disturbingairbubblesinthepreparationcanbeavoidedifthefollowingsolution
isusedinsteadofwater.

Glycerol : 10ml
Distilledwater : 20ml
90percentethanol: 30ml

Amann’ssolution
Lacticacid : 20g
Glycerol : 40g
Phenol : 20g
Distilledwater : 20ml
PreparationsmadewithwaterorAmann’ssolutioncanbepreservedformonths

iftheedgesofthecoversliparesealedhermetically.Forthispurposeamixtureof
paraffinandVaseline(1:1)orothervarnish,whichdriesquickly,canbeused.Glycerol-
gelatin mounting medium is the mostwidelyused preparation forfixing fungus
preparationsonslidesandhasthefollowingcomposition:

Gelatine : 7g
Distilledwater : 42ml
Glycerol : 50ml
Phenol : 1g

Theboiledmixtureisadense,gelatinoussubstancebutclearinitscooledstateanda
smallcubeiscutoutforeachmountandplacedonamicroscopicslideandmelted
abovealowflame.Thefunguspartbeinginvestigatedisputintothemelteddropandit
iscoveredbyacoverslipwhilestillinawarm state.Bypressinggentlyonthecoverslip,
thesurplusglycerol-gelatinmedium iseliminated.Suchfixedpreparationsobtainedin
thiswayarepreservedforalongtime.
Mountingandstainingoffungiformicroscopicexamination:
A.GlycerinJelly:
1.Mixpuregelatininwater(1:6w/w),letsoakfor2hr.
2.Addsevenparts(w/w)glycerinand1gofphenolcrystalforeach100gofthe

mixture.
3.Warm for15minwithconstantstirringoruntilalltheflakesdissolve,thencooland

storeinsmallbottlesthatcanbewarmedinahotwaterbath.
4.Tomountafungus,placeenoughwarm jellyonaslide,placethespecimeninit,

coverwithacoverslip,andremoveexcessglycerinwithblotterpapertouchedtothe
edgeofcoverslip.

5.Sealthemountimmediatelyorstoreseveraldays.



B.Shear’sorPatterson’sFluid:
Chupp’sformulacontains

Aqueouspotassium acetate(2%): 300ml
Glycerin : 120ml
Ethanol(95%) : 180ml

Diehl’sformulacontains
Potassium acetate : 10g
Water : 500ml
Glycerin : 200ml
Ethanol(95%) : 300ml

C.Lactophenol
A considerable amountofinformation can be gained bycarefulmicroscopic

examination ofmicroorganisms.Normallytwo techniques are employed to study
microbialcells.Firstmethod employsexamination ofliving cellsand thesecond
employs the studyofstained cells.Directexamination ofliving microorganisms
(bacteria,fungietc.)canbestudiedbytwomethods:wetmountandhangingdrop
technique.Both the techniques are very usefulin determining size,shape and
movement.

TemporaryWetMount(TWM)technique:
Procedure,observationsandrecord:
1.Transferasmalldropofsporesuspensionorbacterialcultureonthecenterofclean

glassslides.
2.Handlethecoverslipbyitsedgesandplaceitonthedrop.
3.Pressthecoverslipgentlywiththeendofapencil.
4.Notethesize,shapeandcharacteristicsofmotilityofbacteria.
Hangingdroptechnique

Hanging drop preparation is usefulformicroscopic examination ofliving
microorganisms,especiallybacteriawithoutstainingthem andtoseetheirmotilitydue
toflagella.
Procedure,observationsandrecord:
1. Cleanandflameahangingdropslideandplaceitonthetablewiththedepression

uppermost.
2. SpreadalittleVaselineorpetroleum jellyaroundthecavityoftheslide.
3. CleanacoverslipandapplyVaselineoneachofthefourcornersofthecoverslip,

usingamatchstick.
4. PlacethecoversliponacleanpaperwiththeVaselinesideup.
5. Transferoneloopfulofcultureinthecentreofthecoverslipandtheslide.
6. Presstheslidegentlytoform asealbetweenthecoverslipandtheslide.
7. Liftthepreparationandquiklyturnthehangingdroppreparationcoverslipupso

thattheculturedropissuspended.
8. Examinethepreparationunderlowpowerobjectivewithreducedlight.
9. Switchtothehighpowerobjectiveandexaminethepreparationagain.
10. Placeadropofoilonthecoverslipandexaminethepreparationunderoil-

immersionobjective.



11. Recordyourfindingsastosize,shape,colourandmotilityofthebacteria.
Precautions:
1.Ifabacterialculturegrowingonasolidmedium istobeexamined,aloopfulof

cultureshouldbemixedwithadropof2%CMC,inthecentreofthecoverslip.
2.The depression slide is inverted overthe coverslip in such a waythatthe

suspensiondoesnottouchthesurfaceoftheconcavityatanypoint.
3.Theslideandcoverslipshouldbesterilizedaftertheexaminationisfinished.
4.Vaselinefrom thedepressionslideandcoverslipshouldberemovedattheendof

theexperiment.

Stainingmethods:someofthemicroorganismscanbestudiedproperlybecausethey
aretransparent,practicallycolourlessandtherefore,difficulttosee,whensuspendedin
aqueousmedium.Specimensare,therefore,routinelystainedtoincreasethevisibility.
Thechemicalsubstancescommonlyusedtostainbacteriaareknownasdyes.Dyesare
classifiedasnaturalorsynthetic,theformerusedmainlyforhistopathologicalwhilethe
lateraremainlyusedforthebacterialstainpreparations.Thesearecoaltar(aniline)
dyes.Chemicallyadye(stain)isdefinedasanorganiccompoundcontainingabenzene
ringplusachromophoreandauxochromegroup.Suchdyesareeitheracidic,basicor
neutral.Theacidicdyes(e.g.picricacid,acidfuchsin,eosin)areanionicandstainthe
cytoplasmiccomponentsofthecellswhicharemorealkalineinnature.Ontheother
handthebasicdyes(e.g.methyleneblue,crystalviolet,safranin)arecatonicand
combinewiththosecellularelementswhichareacidicinnature(e.g.nucleicacids).
Neutralstainsareformedbymixingtogetherequeoussolutionsofcertainacidicand
basicdyes.

Glycerine jelly,lactophenol,lactic acid,Necoland Melzer’s iodine are the
commonlyusedmountingmediaforfungi.Stainsusedforvisualizingmorphologyof
fungiincludecottonblue(trypanblue)inlactophenol,Indiaink,erythrosine,lactofuchsin,
periodicacid-Schiff,nigrosin,thioninandorangeG.Giemsastainisusedforstaining
fungalnuclei,andCresalbluestainisusedforspore-wallsofbasidiomycetes.

Simplestainingofbacteria:thepurposeofsimplestainingtechniqueistodetermine
cellshape,sizeandarrangementofbacterialcells.Mostbacteriahaveadefinedshape
thatfallsintooneofthreemorphologicalcategoriesi.e.(i)Spherical(coccisingular
coccus);(ii)straightrods(bacillisingularbacillus);and(iii)spiralorcorkscrewshaped
organisms(spirilla,singularspirillum (rigidbacteria)orspirochetes(highlyflexible).A
fewbacteriachangetheirshapeandarecalledpleomorphic(e.g.Arthrobacter).Simple
stainingisperformedbyusingbasicstainswhichhavedifferentexposuretimes(e.g.
crystalviolet,2–60seconds,carbolfuchsin,15–30secondsandmethyleneblue,15–
120seconds).
Procedure:
1.Takecleanglassslides,washanddrythem.
2.Preparebacterialsmearsofallthebacterialcultures,markthesmearareaonthe

undersideoftheslidewithamarkingpencil.
3.Keepaslide(heatfixedsmear)onthestainingtrayandapplyabout5dropsofa

stain(anyoneoftheabove)forthedesignatedperiod.
4.Pouroffthestainandwashthesmeargentlywithslowlyrunningtapwater.



5.Blotdrytheslideusingblottingpaper(donotwipetheslide).
6.Repeatsteps1–5fortheothercultures.

Results:Thebacteriastainadeepblue.TheBacillusisrodshapedwithclearareas(i.e.
endospores)withinthem;Staphylococcusaureuscellsarespherical,occurringsingly,in
pairsand irregularclusters;thesmallrod ofEscherichiacolifrequentlygivesthe
appearanceofbeingcoccus.

Gram stainingofbacteriatoidentifyGram (+ve)or(-ve)reactions
HensChristianGram,aDanishPhysician,in1884dividedbacteriabyastainingmethod,
intotwomajorgroups,theGram (+ve)and(-ve).ThosethatretaintheGram’sstain
afteralcoholtreatmentarecalledGram (+ve),whilethosethatlosethestainare
designatedasGram (-ve).
Procedure,observationsandrecord:
1. Makethinsmearsofbacterialcultures.
2. Letthesmearsairdry.
3. Heatthesmears.
4. Holdthesmearsusingsliderackorclothespin.
5. Staineachsmearwithcrystalvioletfor30seconds.
6. Washeachslidewithdistilledwaterforafewseconds,usingwashbottle.
7. Staineachsmearwithiodinesolutionfor30seconds.
8. Washtheiodinesolutionwith95percentethylalcohol.Addethylalcoholdropby

drop,untilnomorecolourflowsfrom thesmear.(TheGram positivebacteriaare
notaffectedwhilealltheGram negativebacteriaarecompletelydecolourized).

9. Washtheslideswiththedistilledwateranddrain.
10. Counterstainsmearswithsafraninorcorbolfuchsinfor30seconds(counter

staining).
11. Washwithdistilledwaterandblotdrywithabsorbentpaper.
12. Letthestainedslidesairdry.
13. Examinetheslidesmicroscopicallyusingoil-immersionobjective.
14. ThebacteriathoseappearbluearereferredasGram –positivewhilethoseappear

redorpinkaredesignatedasGram –negative.



EXERCISE3:Koch’spostulates

Theactualcauseofmanydiseasesisdifficulttodetermine.Althoughmanyorganisms
canbeisolatedfrom asinglediseasedtissue,theirpresencedoesnotprovethatanyor
allthem causedthediseaseduetothefactthattheisolatedmicrobemaybeapartof
thenormalfloraortransientfloraofthatareaorasecondaryinvader.Thepioneering
Germanmicrobiologist,RobertKoch,identifiedasetoffourconditionswhichhadtobe
satisfiedtoestablishthataparticularorganism isthecausativeagentofaparticular
disease.TheseconditionsknownasKoch’spostulatesare:
1.Thesuspectedpathogenmustbefoundassociatedwiththediseaseinallthe

diseasedsamplesexamined.
2.Theorganism mustbeisolatedinfrom thediseasedtissueandgrowninpure

cultureonnutrientmediaanditscharacteristicsdescribed(nonobligateparasites)
orinasusceptiblehostplant(obligateparasites),anditsappearanceandeffects
recorded.

3.Whenahealthyplant,ofthesamespeciesorvariety,isinoculatedwiththisculture,it
mustproducethediseaseandshowthecharacteristicsymptoms.

4.Theorganism mustbere-isolatedfrom theinoculatedplantsandmustbeshownto
bethesameastheoriginal.Ifalltheabovestepshavebeenfollowedandproved
true,thentheisolatedpathogenisidentifiedastheorganism responsibleforthe
disease.

DemonstrationofKoch’spostulatesforbacterialpathogen:
Procedure:

1.Isolatethebacterialpathogen(pureculture)from theinfectedcarrot.
2.Prepareabacterialsmearfrom thepurecultureandgram stainit.
3.Washthehealthycarrotwell.
4.Peelthecarrotandallowittodry.
5.Surfacesterilizeitwithdisinfectant.
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