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Introduction
Deviations from normal growth of a plant may 
be caused by an infectious agent, such as a micro-
organism, virus, viroid or a nematode. The devi-
ation may also be a disorder caused by abiotic stress 
factors (non-infectious factors). A short defin-
ition of a plant disease is ‘abnormal functioning 
of a plant due to a pathogen’, and plant path-
ology (or phytopathology) is the study of disease 
in plants. Etymologically, pathology originates 

from the Greek words ‘pathos’, meaning suffering, 
and ‘logia’, meaning study. The importance of 
plant disease cannot be overestimated since dis-
eases of plants limit potential crop production 
and are responsible for considerable losses in 
agriculture, horticulture and forestry. Diseases 
can affect yield quantity as well as quality of the 
product. The focus of this book is plant diseases 
caused by fungi and fungal-like organisms, bac-
teria, viruses and nematodes.

What is a Plant Disease?
Anne Marte Tronsmo, Lisa Munk, Annika 
Djurle, Jonathan Yuen and David B. Collinge

Plant diseases limit potential crop production and are responsible for considerable losses 
in agriculture, horticulture and forestry. Plant diseases are caused by infectious agents: 
plant pathogens. What we observe as a disease is the outcome of the interaction be-
tween the host plant, the pathogen and the environment. The concept is described as 
the disease triangle. This chapter gives an introduction to these factors and their inter-
actions that may or may not result in a plant disease. The host plants, the pathogens and 
the environment (including all non-pathogenic organisms) in a distinct geographical unit 
constitute a phytobiome.

 Box 1.1. The difference between a pathogen and a disease

A pathogen is the causal agent of a disease and is 
usually a microorganism, virus or nematode. The 
pathogen has a scientific binomial (essentially Latin) 
name that is written in italics, or if it is a virus, an ab-
breviation. The pathogen’s name should not be used 
as a synonym for the disease’s name. For example:

• The fungus Blumeria graminis causes the 
disease powdery mildew in cereals.

• The bacterium Erwinia amylovora causes fire-
blight in fruit trees.

• The barley yellow dwarf virus (Barley yellow dwarf 
virus, BYDV) causes the disease barley yellow dwarf.

A disease is caused by a pathogen. The disease 
generally has a trivial name. Sometimes it is 
part of the scientific name, but not written in 
italics or with capital letters (unless it contains 
the name of a person or a place). Examples 
 include:

• Powdery mildew in cereals is caused by the 
fungus Blumeria graminis.

• Fireblight in fruit trees is caused by  Erwinia 
amylovora.

• Barley yellow dwarf is a viral disease caused 
by the BYDV.
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The Host Plant
Plants are advanced organisms with the essentially 
unique ability to convert CO2 to sugars and 
carbohydrate polymers, by utilizing solar energy 
in the process of photosynthesis. This means that 
they are autotrophic organisms, i.e. organisms 
that are able to synthesize all components that 
are  essential for growth. Plants are the primary 
source of all food, feed and energy we depend 
upon. In the ideal healthy plant, all physiological 
processes, such as photosynthesis, respiration, 
translocation of water and minerals, phloem 
transport of photosynthetic products and repro-
duction, function optimally. If basal functions of 
a plant are disturbed by plant pathogens, the 
plant may become diseased. The physiological 
processes are impaired compared to the full gen-
etic potential of the plant. The normal function 
of cells and tissues of the plant are compromised 
by pathogens and may be reduced or arrested 
completely. One or several of the essential pro-
cesses in the plant may be affected, resulting in 
specific symptoms on the plant. As to which 
physiological functions are affected depends on 
which tissue or part of the plant that is affected 

initially. A longer and more detailed definition of 
a plant disease is therefore ‘any disturbance of the 
normal physiological and biochemical develop-
ment of a plant’ caused by a plant pathogen.

A successful infection will lead to the develop-
ment of visible symptoms of disease or signs of 
the pathogen itself (Fig. 1.1). Eventually, growth 
and development of the plant will be inhibited, 
and the final outcome may be that the plant dies. 
Symptoms and signs may be found on all parts of 
a plant (i.e. roots, stems, leaves or flowers) and on 
the seeds and fruits that the plant produces.

Signs mean that structures of the pathogen it-
self are visible. This could be in the form of fungal 
spores or mycelia, different resting structures of 
the pathogen (such as sclerotia), nematode cysts or 
galls and bacterial slime. Pathogen structures are 
described further in Chapter 9 (see Fig. 9.2).

Symptoms are visible or otherwise detectable 
abnormalities arising from a disease or a disorder. 
Symptoms of plant diseases can be described 
further as necrosis, wilt, rot, discolouration or 
malformation (see Chapter 9, Fig. 9.1 for ex-
amples). Symptoms, being the reaction of the host 
plant, reflect the physiological or biochemical dis-
turbances in the plant, as exemplified in Table 1.1.

(A) (B) (C) (D)

(E)

Fig. 1.1. Examples of symptoms of diseases and signs of plant pathogens. (A) Various leaf spots on cereals. 
(B) Fusarium foot rot in wheat (Triticum aestivum). (C) Sclerotia of ergot in rye (Secale cereale). (D) Grey “fur” of grey 
mould conidia in strawberry (Fragaria × ananassa). (E) Necrotic tissue and bacterial slime due to ring rot in potato 
tuber (Solanum  tuberosum). (Drawings: H. Karlsen, courtesy of NIBIO.)
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The symptoms of the disease may be local or 
the result of systemic effects. We therefore distin-
guish between primary symptoms that are at, or 
close to, the infection site, for example rotten tis-
sue; and secondary symptoms that occur some-
where else on the plant than the actual infection 
site and are caused by a systemic stress. An ex-
ample of that is wilting or white heads due to 
infection in the roots, as in the disease take-all of 
cereals caused by Gaeumannomyces tritici. Differ-
ent symptoms can be expressed as the disease de-
velops in the plant and more than one symptom 
can be expressed simultaneously. One example of 
how symptoms can change over time is potato 

late blight caused by Phytophthora infestans. The 
primary symptoms are seen on the leaves and the 
secondary symptoms appear on the potato tubers 
in the soil. All characteristic symptoms of a dis-
ease over time are termed a disease syndrome 
(i.e. the whole disease picture).

Signs and symptoms are important charac-
teristics in diagnosing a disease. See Chapter 9 
for further information.

The Pathogen
Most plant pathogens are microorganisms and 
belong to the same phyla as those that cause dis-
ease in humans and animals, but are very rarely 

Table 1.1. Symptoms and underlying causes of pathogen damage on a host plant.

Symptom, observed effects
Underlying cause (affected 
function in plant) Examples

Necrosis: black or brown spots, 
sometimes whitish, on leaves or 
other plant parts, or as dry rots

The plant tissue is dead Black spot on roses, leaf blotch 
diseases

Discolouration and yellowing 
(chlorosis): plant cells are not 
dead. Chlorosis can develop into 
necrosis at later stages

Plant cell function is disturbed
Photosynthesis is affected:
• Reduction of CO2 uptake in 

plant cells
• Damage to chloroplasts

Several viral diseases, including 
barley yellow dwarf virus and 
tobacco mosaic virus  
Bacterial wilt of forage grasses

‘Water-soaked’ tissue (hydrosis) Plant cells leak electrolytes due to 
impaired cell membranes, caused 
by pathogen enzymes, toxins or 
other pathogenicity factors

Bacterial pathogens, as Erwinia, 
Pseudomonas and Xanthomonas 
species

Wilting: the plant has lost turgor The water transport and balance is 
disturbed due to clogging of 
vascular tissues, rots, necrosis or 
malformation of the plant roots

Pathogens in the vascular system, 
take-all, clubroot in crucifers

Rots (soft rots) A result of enzymatic 
disintegration of cell walls (middle 
lamella) by the pathogen

Soft rots of potatoes caused by 
Pectobacterium spp. or Dickeya 
spp.

Dry rot When the cells in rotting tissue die, 
the rot can dry out and the tissue 
becomes necrotic

Potato tubers infected with the 
late blight pathogen

Malformations: misshape of plant 
or plant organs; cankers, tumours, 
galls, etiolation, dwarfism, and 
gigantism

Hormonal disturbances Clubroot in crucifers, witches 
broom

Accelerated senescence: early 
maturation, leaf abscission, early 
ripening of fruits

Senescence induced by the 
pathogen. Usually a hormone 
induced effect (ethylene, ABA)

Sclerotinia stem rot in oilseed rape, 
dry eye rot in apples
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the same species. In contrast to plants that are 
autotrophic organisms, most microorganisms, ex-
cept for a few bacteria, depend on organic nutri-
ents that other organisms have produced; they are 
heterotrophic, like animals and humans. Almost 
all live as saprophytes, which means that they 
feed on dead organic material, as parasites, which 
feed on other living organisms, or endophytes, 
which live inside plants without causing visible 
damage. These microorganisms are bacteria and 
phytoplasma, fungi and fungal-like organisms.

Other groups of plant pathogens are viruses, 
viroids and nematodes. Since nematodes are not 
microorganisms but belong to the animal king-
dom, in many countries they are considered as 
pests on plants rather than as plant pathogens. In 
this book, they are treated as pathogens, al-
though they might not be covered as such in all 
plant pathology courses. Some plants are para-
sitic on other plants, but these are not included 
in this book.

Plant pathogens exhibit lifestyles that can be 
divided into three main groups, biotrophic, 
hemibiotrophic and necrotrophic. Biotrophic 
pathogens are usually obligate parasites that live 
and reproduce only in living tissue. Necrotrophic 
organisms live only on dead material, killed by the 
pathogen. Hemibiotrophic pathogens start as endo-
phytes or biotrophs but progress to necrotrophy. 
These classifications of lifestyle cover a continuum 
of habit and some organisms may be successively 
endophytic, biotrophic by manipulating the host to 
provide nutrients, necrotrophic or saprophytic – 
living on material which is already dead. We return 
to lifestyles in Chapters 3 and 10.

Fungi and fungal-like   
microorganisms
True fungi and fungal-like organisms (a few groups 
of unrelated organisms were previously classified as 
fungi), are eukaryotic organisms that live as sapro-
phytes or parasites. Most organisms in these two 
groups consist of filamentous rows of cells that are 
called hypha (plural: hyphae). The hyphae may 
branch and form a network, a mycelium (plural: 
mycelia). These organisms have well-developed cell 
walls. Most fungi and fungal-like organisms form 
one or more types of spores. Some live as colonies of 
single cells (yeasts). Some display both styles of 

growth in different stages of their life cycles. Asexual 
reproduction is common, but many also exhibit sex-
ual reproduction during their life cycle. Most of these 
organisms form structures such as spores, hyphae 
and fruiting bodies that can be used in their identifi-
cation (see Fig. 9. 5). Some of these structures facili-
tate survival of the pathogen in the absence of a host. 
Chapters 4 and 5 cover these pathogens in detail.

Bacteria and phytoplasma
Bacteria are unicellular microorganisms that can-
not be seen with the naked eye. Bacteria associ-
ated with plants live as symbionts, saprophytes 
or parasites. Bacteria are prokaryotic organisms, 
with a circular chromosome and without the or-
ganelles found in eukaryotic organisms. Bacteria 
multiply by division. Some groups of bacteria 
have flagella that enable them to move actively in 
water. Most bacteria have a cell wall. Plant patho-
genic bacteria that lack a cell wall are called phy-
toplasma and are localized in the phloem of the 
plants. Their dispersal often depends on water, 
insects, animals (including humans) or machines 
to infect new plants. Chapter 6 gives further in-
formation on these pathogens.

Viruses and viroids
Viruses and viroids are parasitic units that are 
non-cellular and rely on a living host to replicate. 
Viruses are composed of a nucleic acid (DNA or 
RNA) that is surrounded by a protein coat 
( capsid), while viroids are single-stranded RNA 
viruses without a coat. They can only be seen in 
a transmission electron microscope. Viruses and 
viroids are considered as non-living organisms 
since they do not have their own apparatus for 
carrying out a ‘life cycle’ and can therefore only 
reproduce within living host cells. For dispersal 
from plant to plant, they rely on other organisms 
(vectors) or the environment causing a wound in 
the plant, which facilitates sap infection. See 
Chapter 7 for further information.

Nematodes
Nematodes are often treated as plant pathogens 
since the symptoms they cause, as well as the 
physiological effect on the host, often resemble 
those caused by microbial pathogens. Further-
more, many management strategies for nema-
todes are similar to those for the microbial 
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pathogens; thus there are good arguments for 
treating them as plant pathogens. Nematodes are 
unsegmented small worms, typically 1 mm long, 
with a system of longitudinal muscles that allows 
them to move. Most nematodes reproduce sexu-
ally. Nematodes are probably most known as 
parasites on animals (and humans), but they are 
found in all soils and water films. The nematodes 
that cause damage to plants are all obligate para-
sites. Read more about nematodes in Chapter 8.

Abiotic Stress Factors
Injuries and deviations from normal growth of a 
plant can also be caused by several abiotic factors 
(non-infectious agents). Perennial plants in tem-
perate climate are exposed to low temperatures 
during winter, and this can often cause severe in-
jury or kill plants that are not adapted to the cli-
mate. High temperatures often contribute to 
injury in connection with other stress factors, in 
particular light and water stress. Plants exposed to 
very strong sunlight, often combined with dry 
wind, can become scorched or develop sunscald. 
Both excessive water and water deficiency are 
harmful to plants. If the soil is not drained well 
enough, the oxygen available to the roots will be 
reduced and eventually cause anaerobic condi-
tions. Water deficiency will gradually lead to desic-
cation of plants. Excess or lack of essential nutrients 
are common causes of disorders in plants. Another 
cause of abiotic injury is air pollution. In addition, 
it is often seen that injury to plants is caused by 
misuse of pesticides or unawareness of the persist-
ence of a pesticide in soil, with herbicides as the 
most common cause. Since injury or deviation 
from normal growth due to abiotic factors often 
can resemble injury caused by an infectious agent, 
it is important to be able to distinguish between 
abiotic and biotic causes in order to take appropri-
ate management actions. Some examples of abiotic 
disorders are shown in Fig. 9.3.

Koch’s Postulates
It is not an easy task to find out whether an ap-
parent disorder or damage is actually caused 
by a pathogen. Experienced investigators will 
recognize common diseases and disorders. 
Most people need standardized methods in order 
to identify the cause and diagnose a disease 

correctly. The steps of systematic disease diagno-
sis are described in detail in Chapter 9.

To confirm scientifically whether a specific or-
ganism has caused a disease, it is necessary to perform 
Koch’s postulates. These are the four criteria for es-
tablishing the causative relationship between a 
microorganism and a disease. They were formulated 
during the 1880s by the German bacteriologist 
Robert Koch, who showed experimentally that 
microorganisms were able to cause diseases in animals.

The Disease Triangle
The first requirement for a disease to develop is 
essentially that the plant and the pathogen 
must come in contact with each other. The out-
come of the contact between host and pathogen 
will depend on traits in both organisms, such as 
the resistance of the host and the pathogenicity 
of the pathogen. A third factor, the environ-
ment, has a decisive role. If, at the time of con-
tact or later, the environment is less than optimal 
for infection (e.g. too cold, too hot, too dry), the 
pathogen may not be able to infect or the plant 
may be able to resist the infection attempt 
 successfully. Thus, even if a susceptible plant and 
a pathogen with the traits needed to cause disease 
are present, the plant will not necessarily become 
diseased. Environmental factors can also strongly 
affect the development of a disease over time. 
An environment that is favourable for the 
 development of disease can lead to devastating 

Box 1.2. Koch’s postulates state:

1.  The suspected causal organism must be as-
sociated consistently with the disease symp-
toms in the host plant.

2.  The organism must be isolated from the dis-
eased host and grown in pure culture.

3.  The cultured organism should produce the 
same symptoms as originally observed 
(step 1) when inoculated onto a healthy host 
of the same species, as it originally was iso-
lated from.

4.  The organism must be re-isolated from the in-
oculated plant, and in pure culture have the 
same characteristics as the original isolate 
(step 2).
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damage, whereas environmental conditions that 
are unfavourable for the pathogen may limit se-
vere disease in spite of the presence of a suscep-
tible host and abundance of pathogen inoculum.

All steps from the first contact between pathogen 
and host, to growth (colonization) in the host, 
formation of additional inoculum and its disper-
sal are influenced by environmental factors, with 
temperature and humidity being the most im-
portant. All three components (i.e. the pathogen, 
the host and the environment) can vary widely 
and therefore influence the extent of a disease 
outbreak, whether on an individual or in a popu-
lation. This concept in plant pathology is called 
the disease triangle (Fig. 1.2).

• The host plant: The susceptibility or re-
sistance of a plant to a particular pathogen 
depends first of all on the plant species and 
often the cultivar (genotype). The develop-
ment stage of the host plant can also be 
decisive. When looking at plant popula-
tions, the degree of genetic uniformity of 
the host population will affect the vulner-
ability of the individual plant. A genetic-
ally uniform plant population presents 
fewer barriers for the pathogen to infect 
and be dispersed from plant to plant, and 
therefore a higher risk for an epidemic to 

evolve. We return to these points in Chap-
ters 14 and 18.

• The pathogen: A particular species of a plant 
pathogen can vary in its ability to infect and 
cause disease. A population of a pathogen 
species consists of many different genotypes. 
If these genotypes behave differently on dif-
ferent host genotypes or species, they can be 
described as races, pathovars, biovars, etc. 
They can vary in their ability to infect an in-
dividual plant and cause disease. The ability 
to cause disease is termed pathogenicity (see 
Chapter 10). Even if a species can infect the 
host plant, different genotypes of the patho-
gen may vary in the extent or severity of in-
jury they can cause: their aggressiveness. 
Some pathogens exhibit so-called race speci-
ficity: a particular race (genotype) of a patho-
gen can only infect a particular cultivar of a 
host species, and the race is then virulent on 
that particular cultivar. A race (genotype) 
that is unable to infect the same cultivar is 
avirulent (see Chapters 12 and 18). The 
term ‘virulence’ is often used with different 
meanings. Some authors use it, depending 
on context, to describe variously (i) patho-
genicity; (ii) race specificity; or (iii) aggres-
siveness. The ability of a pathogen to cause 
disease may also depend on the stage in the 
life cycle of the pathogen when the contact 
between host and pathogen occurs. For 
many pathogens, the size of the pathogen 
population will also be crucial for the poten-
tial of the pathogen to invade a host.

• The environment: The most important 
environmental factors are temperature, 
humidity, precipitation, light and wind. 
These factors affect both the plant 
(growth, development and resistance) and 
the pathogen (aggressiveness, growth, 
multiplication, development stage and 
dispersal). For a disease to develop, the 
environmental factors must be favourable 
for the pathogen. Conditions that are un-
favourable for the host can make plants 
more vulnerable (to hemibiotrophs and 
necrotrophs) and may therefore also be 
favourable for some pathogens.

Pathogen Host plant

Environment

Fig. 1.2. The disease triangle. (Drawing: A. Djurle.)

Box 1.3. Inoculum

A unit of a pathogen capable of causing infection 
when it comes into contact with a  susceptible host 
plant. Inoculum may for  example be spores, myce-
lium fragments, resting structures, virus particles, 
nematode cysts, and bacterial cells.
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The disease triangle is used to illustrate the cru-
cial conditions for disease development and the 
relationships between the three components, and 
sometimes it can also be used to illustrate the 
quantification of disease (read more about this in 
Chapter 14). The disease triangle may be ex-
tended to a disease tetrahedron where the 
fourth element is man (Fig. 1.3). For cultivated 
crops, factors such as the use of fertilizers, sow-
ing time, tillage, irrigation and use of pesticides 
all strongly affect the environment for the host 
plant and the pathogen. Furthermore, humans 
can affect the plant–pathogen interaction through 
crop rotation, choice of plant species and cultivar. 
In particular, the use of genetically homogen-
ous plant genotypes over large areas may create 
very favourable conditions for a pathogen to 
spread and multiply, thereby leading to severe 
epidemics (see Chapter 14). Some literature 
refers to time as the fourth element in a disease 
tetrahedron.

Phytobiomes  
and Microbiomes
The elements of the phytobiome can be com-
pared to the elements of the disease triangle. A 
phytobiome is defined as a plant in a distinct 
geographical unit including the plant itself, the 
environment and all microorganisms and macro-
organisms living in, on or around the plant. The 
many microorganisms that do not cause disease are 
important components of the phytobiome. Some 
have a mutualistic or symbiotic interaction with 
their hosts. In diseased plants, however, a harmful 
plant pathogen is dominating the microbial 
environment.

Plant pathologists have a tendency to think 
of individual interactions between one pathogen 
and the host plant. The reality is that each plant 
simultaneously acts as host to a plethora of 
different microorganisms, both eukaryotic and 
prokaryotic, and the collective name for the 
communities of different species is the microbi-
ome. The composition of the microbiome varies 
according to many internal and environmental 
factors. The best-known and studied microbi-
ome is in the rhizosphere (the soil zone in 
immediate contact with root surfaces); other 
characteristic microbiomes are associated with 
the aerial surface of plants, namely the phyllo-
sphere, and the interior of plants, the endosphere. 
We are becoming increasingly aware of microbi-
omes as positive factors in plant–microbe inter-
actions. Both individual organisms, and consortia 
of associated microorganisms, can contribute 
to the well-being of their host using many of 
the same types of tools that pathogens use to 
manipulate their hosts, viz. effectors and me-
tabolites, including hormones. We return to 
microbiomes as sources of biological control 
agents in Chapter 17.

The phytobiome in its entirety has an im-
portant role in sustained health and productivity 
of plants and plant ecosystems both in natural 
and agricultural settings. During the last decade, 
increased attention has been directed to under-
standing the nature of phytobiomes and rela-
tionships between the component organisms 
rather than individual elements that constitute a 
phytobiome.

Impacts of Plant  
Diseases
The most obvious effect of plant diseases is a re-
duction in yield (see Chapter 20 for a discussion 
on yield loss and yield loss assessment). Severe 
plant disease epidemics have resulted in famine 
(see Chapter 2), but situations like that are rela-
tively rare in modern times, at least in part due 
to plant disease management. Losses do occur, 
however, and recent estimates of losses in five 
major food crops due to diseases and pests, on a 
global scale, ranged from an average of 17% for 
potato to 30% of rice, excluding post-harvest 

Man

Pathogen Host plant

Environment

Fig. 1.3. The disease tetrahedron. (Drawing: A. Djurle.)
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losses. Another way of looking at the impact of 
plant diseases is not to just include losses, but to 
also include the costs of disease control. Such esti-
mates for specific diseases are not common, but in 
a study of dealing with potato late blight, the total 
cost including pesticides and their application, 
some environmental costs, as well as possible qual-
ity losses in the final product, was estimated to be 
about 15% of the value of the crop.

In addition to the yield and quality losses 
caused by plant diseases, some fungi are also able 
to produce mycotoxins. The most spectacular, 
with records dating thousands of years back and 
with social and political consequences, is ergot, 
caused by the fungus Claviceps purpurea. The 
sclerotia formed by this fungus contain a number 

of potent alkaloids. Consumption of contamin-
ated grain can cause severe symptoms (e.g. hallu-
cinations and vasoconstriction). Even if modern 
seed cleaning removes the sclerotia from the 
grains, ergot may represent a health risk to graz-
ing animals (see also Chapter 4).

The mycotoxins of most concern today are 
from Fusarium spp. infecting cereals (fusarium 
head blight), and from Aspergillus and Penicil-
lium species causing post-harvest diseases in 
fruits, nuts and grains. Fusarium species may 
produce a variety of mycotoxins that contamin-
ate the grain. Some Fusarium mycotoxins have a 
harmful effect on the digestive system of mono-
gastric animals, particularly pigs and horses (see 
Chapter 10).

Key points

• Various taxonomically diverse microorganisms, viruses and nematodes can cause disease  
in plants.

• Pathogens exhibit three main groups of lifestyles: biotrophic, hemibiotrophic and necrotrophic.
• It can be difficult to demonstrate the cause of a disease, and Koch’s postulates provide an 

established protocol.
• The disease triangle, the interactions between the pathogen, the host and the environment, defines 

the conditions needed for disease to develop.
• Plants are part of a phytobiome and they host many microorganisms that do not cause disease, but 

 rather have a mutualistic or symbiotic interaction with their hosts and its surroundings.
• The impact of plant diseases can be a significant reduction in yield and quality of the cultivated crop. 

Some plant pathogens produce toxins that are harmful to animals and humans.

Further Reading
Savary S., Willocquet, L., Pethybridge, S.J., Esker, P., 

McRoberts, N. and Nelson, A. (2019) The  

global burden of pathogens and pests on major 
food crops. Nature Ecology & Evolution, 3, 
430–439.
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