
22
DISEASE MANAGEMENT: GENERAL CONCEPTS

John Brown, Helen Ogle and Michele Dale
Contents

22.1 Introdtrct ion ... . . . . . . .  343
22.2 The pLant disease triangLe ...,. 343

ExcLuding or reducing inocuLum.. ........... 344
Increasing the host's reststance to disease ......... 344
Modi{ying the enutronment .. 345

22.3 The epidemiologtcaL approach.......... .... 345
Redtrcing the amount oJ initiat inocuLum (x i) . .. . . .. . .. . . .. . . ., . . . . . . 349
Redtrcing the time auaiLabLeJor the epidemic to deueLop (t) . 349
Reducing the rate oJ disease increase (r).. . . . . , . . . . . . . . . . . . . . . . . . . . . .  35O

22.4 Factors tnfluenctng disease management strategies ............ 35O
The economic aduantage oJ contro1.... . . . . . . . .  . . . . . . . . . . .  35O
TheJeasibi l i tg oJ controL ... . . . . . . .  . . . . . . . . . . .  351
The options auaiLabLe ........... 351
The disease in perspectiue .. 352

22.5 Integrated disease mandgement,.. . , . . . . . .  . . . . . . . . . . . . . . .  352
22.6 Crop heaLthmanagement . . . . . . . , , . . .  . . . . . . . . .  354

ConJlicttng and compLementary manag ement str ate g ie s . . . . . 3 5 5
22.7 Conclusion ... . . . . . . . .  357
22.8 Fbrther reading .... 357

22.1 Introduction

In undisturbed natural ecosystems, relationships between pathogens and their
hosts tend to attain a level of stability and plant populations are rarely severely
damaged by diseases. However, in artificial or disturbed systems that exist in
agriculture, horticulture and silviculture, the development of disease epidemics
often seriously limits production. Epidemics result from a progressive increase of
disease in time and space. The development of epidemics depends on a regular
chain of events, each link of which is dependent on certain specific requirements
being satisfied simultaneously. In this chapter, some of the components of
epidemics will be described together with ways in which they can be manipulated
to retard the progress of epidemics and thereby reduce production losses.

22.2 The plant disease triangle
One approach to understanding epidemics and how diseases can be managed is
the application of the plant disease triangle (Fig.l.l and Chapter 18). All
pathogenic diseases result from an interaction between three factors, the host,
the pathogen and the environment. Epidemics result if all three factors are
favourable for disease development. In other words, an epidemic will develop if
there is an abundance of a susceptible host, a virulent and aggressive pathogen
and weather conditions that favour the rapid multiplication and spread of the
pathogen.
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If any side of the disease triangle is not favourable, an epidemic cannot
develop. Thus disease can be managed by excluding or reducing the level of
inoculum of the pathogen, by increasing the host's resistance to disease or by
modiffing the environment so that it is unsuitable for the multiplication and
spread of the pathogen and the subsequent development of the disease.

Excluding or reducing inoculum

If a particular pathogen is not present in an area, attempts should be made to
prevent its introduction. Plant quarantine legislation in most countries protects
commercial crops and native flora from exotic pathogens. Quarantine regulations
prohibit or restrict the introduction of plant material from areas where there is
high risk of contamination by unwanted pests and pathogens. For example, there
are a number of pathogens of Australian native plants that are not present in
Australia. The rust Pucciniapsidii infects guava (Psidtum guqjaua) in Central and
South America. It also infects Australian species of CaLListemon, Errcalyptus and
MeLaleuca grown in that region. The economic and environmental cost of
introducing P. psidit into Australia is uncertain, but could be devastating.
Quarantine regulations are in force to reduce the risk of pathogens such as
guava rust entering Australia.

Seed certification schemes also reduce the risk of introducing unwanted
pathogens into new areas. For example, certified bean (PhaseoLus uutgaris) seed
in Australia is free from the pathogens that cause anthracnose (the fungus
CoLtetotrichum Lindemuthianum), halo blight (the bacterium Pseudomonas
sgringae pv. phaseolicola), bacterial brown spot (Pseudomonas sgringae pv.
syringae), common bacterial blight (Xanthomonos campestrts pv. phaseoli),
peanut mottle virus and bean common mosaic virus (lolo tolerance).

Planting material can also be treated to kill inoculum. For example, treatment
with fungicides can kill inoculum in or on the surface of seeds. Vegetative
propagating material can be treated with chemicals or hot water. Many
commercially available seeds of vegetables, ornamentals and other plants are
treated with fungicides or insecticides before they are sold.

If a pathogen is already present in an area, attempts can be made to eliminate
it or to reduce the amount of inoculum present. Most attempts to eliminate a
pathogen once it has become established have been unsuccessful (e.g. coffee rust
in Papua New Guinea and South America). Methods used to reduce levels of
inoculum include rotations with non-host species, removal of alternative and
alternate host species, chemical (e.9. soil fumigation) and physical (e.€.
solarisation) treatments, removal of diseased plants which act as sources of
inoculum (roguing), the use of decoy or trap crops and destruction of insect and
other vectors.

lncreasing the host's resistance to disease
Perhaps the best way to protect plants from disease is to select or breed plants
for genetic resistance to specific diseases. The breeding of rust resistant cereals is
a good example of how resistance can be used as a disease management strategr.

A plant's resistance to disease can also be increased by the application of
chemicals. Protectant fungicides place a layer of fungicide on the host's surface
which prevents fungal spores from germinating. The fungicide does not move into
the plant and therefore has no effect on infections that are already established.
Most protectant fungicides provide short term protection and have to be applied
every 7-15 days to provide adequate protection to the plant.
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Systemic fungicides can also be used to increase the host's resistance to
disease. Systemic fungicides or chemotherapeutants are absorbed by the plant
and translocated to various tissues. They are effective against fungi that have
already become established within the plant as well as preventing new infections
from developing. Many systemic fungicides have a narrow spectrum of activity
and are only effective against specific fungi. Because many systemic fungicides
inhibit specific biochemical activities, there is a tendency for the target fungus to
develop resistance to the fungicide. Systemic chemicals are also used to control
nematode diseases. However. no chemicals that control virus or bacterial
diseases are currently registered for use in Australia, although antibiotics (e.g.
streptomycin) are used to control some bacterial diseases in New Zealand and
elsewhere.

M od ifyi n g the e nvi ron ment
In some instances it is possible to alter the environment so that it is suitable for
plant growth but unsuitable for the development of plant disease epidemics. In
greenhouse situations it is possible to control the physical environment
(temperature, light intensity and day length, humidity and duration of the dew
period on leaves) as well as the chemical environment. For example, the
quantities and ratios of various nutrients can be controlled, particularly where
plants are grown hydroponically.

With field-grown crops it is usually more difficult to manage diseases by
altering the environment. There are however, some instances where this has been
achieved. Collar rot of citrus caused by Phgtophthora citrophthora has been
managed by improving soil drainage. Plants used to produce vegetable and flower
seeds are often grown in semi-arid areas where flood irrigation is available, to
reduce the incidence of seed-borne diseases. Under these conditions the seed
produced is relatively free from infection and contamination by these pathogens.
Time of sowing can also be used as a disease management strategy. In some
locations plants can be sowrr at a time when they will not be at a susceptible
stage of growth when the environment favours disease development. For example
alternaria blight of sunflower caused by ALternaria heLianthi causes significant
reductions in yield in the central coast and central highlands of Queensland but
not in other sunflower growing regions of Australia. The conditions required for
rapid disease development are (i) warm temperatures (optimum 26'C), (ii)
extended periods of wet weather and (iii) maturing plants after the
commencement of flowering. These conditions are frequently met in spring-sown
crops in central Queensland which mature during the summer months when
mean daily temperatures are between 25 and 3O"C and when the chance of rain-
bearing cyclonic depressions is high. If plants are sown so that they mature
during the cooler and drier autumn months, when rainfall is less likely to occur,
the probability of epidemics developing is low. The micro-environment within a
crop can also be modified by changing cultural practices such as plant density,
plant stature, method of irrigation and plant debris retention practices.

22.3 The epidemiological approach
Epidemiologr deals with the build-up and spread of disease in populations and
the factors that influence the development of epidemics. The South African
scientist J.E. Van der Plank was among the first to quantitatively and
mathematically describe plant disease epidemics. He formulated a number of
theories on epidemiology and in his book published in Ig63 he described two
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types of pathogens-monocyclic or 'simple interest' pathogens and polycyclic or
'compound interest' pathogens.

Monocyclic pathogens complete only one infection cycle in a growing season
of the host. The primary inoculum causes the disease and there is no production
of secondary inoculum to contribute to development of the disease during the
growing season. Consequently, the intensity of the disease depends on the
quantity and quality of the primary inoculum present at the beginning of the
growing season. Such pathogens can be compared with a simple interest
monetary model in which 'interest' is not added to the 'capital investment' until
the end of the season (or investment period).

Epidemics of simple interest pathogens develop relatively slowly but can be
important, particularly in perennial crops where pathogen populations build-up
over a number of years or in annual crops which are grown continuously in the
same field. The disease progress curve of a typical simple interest disease is often
a straight line that flattens out when host tissue available for infection becomes
limiting (Fig. 22.1,4.). Monocyclic pathogens include the vascular wilt fungi
Flrsartum oxAsporum (e.g. F. oxAsporum f. sp. cubense) andVerttctltium dahltae
[e.€. vert ici l l ium (vascular) wil t  of cotton], root rott ing fungi such as
GaeumannomAces gramtnis (the cause of take-all in cereals) as well as the club
root fungus of crucifers (Plasmodiophora brasstcae) and the flag smut fungus of
wheat (Urocystis agropgrt). Soil-borne nematodes such as the root knot and cyst
nematodes and bacteria such as the vascular wilt pathogen Ralstonta
soLanacearum also exhibit simple interest disease epidemiology. Van der Plank
considered that simple interest diseases involved pathogens with a'low birth rate'
(i.e. few propagules are produced) and a'low death rate' (i.e. spores produced had
a long survival period in soil).

Polycyclic pathogens complete more than one infection cycle in a growing
season. The time between inoculation and the appearance of symptoms, which
may be as short as 3-4 days for some fungi such as ALternaria helianth| and the
number of generation cycles that occur in a growing season is influenced by the
interactions that occur between the host, the pathogen and the environment.
Many airborne pathogens such as the rusts, downy mildews, powdery mildews
and the potato late blight fungus are polycyclic pathogens.

Polycyclic pathogens have a'high birth rate' (many propagules produced) and
a corresponding 'high death rate' (short-lived propagules and a high rate of
wastage). The disease progress curves for compound interest diseases are
typically sigmoidal or S-shaped (Fig. 22.18) with the three phases of the curve
being:
. the initial lag phase due to the limited amount of inoculum present at the start

of the epidemic (low levels of inoculum, abundant host tissue),
. the exponential or logarithmic phase when neither inoculum levels nor the

amount of host tissue available for infection is limiting,
. the decline or plateau phase due to the limited amount of host tissue available

to become infected (abundant inoculum, little host tissue remaining).
Diseases caused by polycyclic pathogens can be described as compound

interest diseases when using a monetary analogy. The 'interest' (the new
inoculum produced) is continuously being added to the 'interest-bearing capital'
(previous amount of inoculum). Consequently, during the very early stages of an
epidemic, disease progress can be represented by the compound interest
equation' 

X, = Xi€rt
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the proportion of host tissue that is diseased at time t (or
capital plus interest at the end of the investment period (t) if a
monetary analogy is used)
the amount of disease at the start of an epidemic or at the
initial observation (or the interest-bearing capital initially
invested)
the rate of disease increase (or the interest rate)
the time available for the epidemic to develop (or the length of
the investment period)
the exponential constant (2.718).
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Figure 22.1 Idealised disease progress curves. (A) A simple interest disease epidemic
showing a straight line epidemic progress curve. (B) A compound interest
disease epidemic showing a sigmoidal or S-shaped epidemic progress
curve, (a) initial lag phase, (b) exponential phase and (c) decline phase.

However, as an epidemic progresses, the amount of healthy host tissue
available for infection is continually being reduced and logarithmic development
does not continue. Because of this the compound interest equation has to be
modified at disease levels above about 5o/o of host tissue infected. This can be
done in various ways but logit transformation is generally used. This consists of
piacing disease incidence on the basis of log [x/(l-x)]. Some logit transformations
of disease progress curves are shown in Figure 22.2 where it can be seen that the
sigmoid curves have been transformed to straight lines.

During the early stages of an epidemic, when disease levels do not exceed
about 5%, the average infection rate (r) can be calculated using the equation

'  =  / '  loe ' f

where the amount of disease at time tr = Xr and the amount of disease at time tr
is x".
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However, when disease levels are over about 5o/o the progress of the epidemic
depends on the amount of host tissue still available for colonisation and the
factor (f - d is introduced into the equation to calculate r giving
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Figuxe 22.2 Epidemic progress curves of late blight on potatoes caused by Phgtopttthora
tnfestans on different host cultivars and during different seasons.
(A) Untransformed data. (B) Logit transformation of data. (From Van der
Plank, 1963.)

The exact nature of the equations need not concerrl us here. What is important
in terms of developing disease management strategies is that the level of infection
present in a crop at any particular time depends on the amount of inoculum
present at the beginning of the epidemic, the rate at which the epidemic
increases and the time available for the epidemic to develop. Obviously, any
reduction in the level of the initial inoculum (xJ, the rate of disease increase (r) or
the time available for disease development (t) wiil automatically reduce the
amount of disease.

There is one exceptional situation where losses caused by disease can be
controlled without reducing xi, r or t. This occurs when cultivars are tolerant of
pathogens but not resistant to them. There is much confusion in the literature
about disease tolerance. The only useful definition of a tolerant cultivar is 'a

cultivar which does not restrict the development of a pathogen but in which
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damage is restricted'. If this definition is used, there are very few valid examples
of tolerant cultivars. However. there can be little doubt that some cultivars of
various crops are tolerant of certain viruses. Following infection the virus
multiplies normally but causes little damage. There are also a few examples of
cultivars tolerant of fungus and nematode pathogens.

Reducing the amount of initial inoculum (x1)
The initial amount of inoculum (xil can be kept at zero by avoiding the pathogen
altogether. This can be achieved by growing crops in regions where the pathogen
does not occur, by choosing pathogen-free planting sites within a particular area,
by choosing planting dates that ensure that the crop is not at a susceptible stage
of growth when the pathogen is active or by using disease-free planting material.
The amount of initial inoculum can also be kept at zero by excluding the
pathogen from a region. Strategies used to prevent the introduction of pathogens
into new areas include quarantine regulations, sanitation, use of planting
material certified to be free from disease, and treatment of planting material to
kill any pathogens on or in it. Destruction of vectors, such as flying insects, that
may carry pathogens into an area will also keep the level of initial inoculum at
zero.If the pathogen is already present in an area, the level of inoculum can be
decreased by various forms of sanitation such as crop rotation, destruction of
diseased debris, removal of alternative and alternate hosts, removal and
destruction of diseased plants or plant parts and soil fumigation. Pathogens may
be eliminated from planting material by heat or chemical treatments.

Many of these strategies are used to reduce the amount of inoculum of banana
bunchy top virus (see Chapter 3O) in southern Queensland. If disease is found,
infected plants and the aphid vectors of the virus must be destroyed. Permits
issued free of charge by the Department of Primary Industries (DPI) are required
before planting. Home gardeners may only grow up to five Lady Finger banana
plants. Cavendish bananas, which are more susceptible to bunchy top, but often
do not show symptoms, are prohibited on residential land. Only disease-free
planting material approved by the DPI may be used. Protection of plants from
infection also reduces the initial level of inoculum. Plants can be protected by
spraying or dusting with biocides. Plant propagules can be treated with
chemicals or micro-organisms to protect against infection. In some virus
diseases, inoculation with a benign or mild strain of the virus protects plants
against subsequent infection by more virulent forms of the virus. Specific genes
for resistance in plant populations prevent some or all of the available inoculum
from infecting a crop. If a new pathotype arises which can attack plants
containing the resistance gene, the disease epidemic will develop as it did before
the resistance gene was introduced.

Reducing the time available for the epidemic to develop (t)
The time available for an epidemic to develop can be reduced in some instances
by using early-maturing cultivars which are harvested before the disease has
developed to epidemic proportions. Similarly, with some fruit crops such as
bananas, the fruit is picked early (before it is ripe and before postharvest
diseases associated with ripening have had time to develop) and later artificially
ripened by exposure to ethylene under environmental conditions that suppress
disease development. With pastures and forage crops the plants can be grazed or
harvested early (e.g. to make hay) if there is a risk of an epidemic developing. In
many crops however, it is not possible to alter the time available for epidemic
development.
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Reducing the rate of disease increase (r)

The rate of disease increase can be reduced in a number of ways. Slow rusting,
slow mildewing and slow blighting types of resistance reduce the rate of disease
increase, as do multilines or cultivar mixtures in which not all individuals are
susceptible to a given strain of a pathogen (see Chapter 26 for more details).
Chemical treatments can also reduce the rate of disease development. Protectant
fungicides reduce the level of spore germination which results in fewer lesions
being formed and less inoculum being produced. Systemic fungicides which
destroy established infections can also influence the rate of disease development
as well as the level of initial inoculum. Controlling plant pathogens with other
micro-organisms will also reduce the rate of development.

The rate of disease increase is also influenced by climate. Apart from the
expensive process of growing plants in greenhouses, the environment to which a
crop is exposed can be altered by changing planting dates, by changing the
density of the host population, by modiffing irrigation practices or by growing
crops in different climatic areas. The nutritional status of plants also influences
their susceptibility to disease. Sanitation practices such as removing diseased
plants or eliminating vectors can also reduce the rate of epidemic development.
When implements are involved with spread of soil-borne inoculum (e.9.
Phgtophthora ctnnamomi in the Jarrah forests of Western Australia), cleaning and
sterilising the instruments reduce the rate of epidemic development.

Details of the tactics used in each of the major strategies mentioned above will
be discussed in the chapters that follow. In practice, an integrated approach to
disease control is recommended. For maximum effect, the strategies used should
attempt to reduce simultaneously the amount of initial inoculum, the amount of
time available for disease epidemics to develop and the rate of epidemic
development.

22.4 Factors influencing disease management strategies
There are many strategies available to manage or control plant diseases.
However, before the most appropriate strategy can be recommended several
practical considerations must be taken into account. These include the economic
advantage of control, the feasibility of control, the options available and the
disease in perspective.

The economic advantage of control
It is reasonably true to say that most plant diseases can be controlled with the
aid of modern knowledge and technologr. However, the economic advantage of
control must be a major consideration before any management strategy is
recommended. There is no point in recommending a control strategy that would
cost more than the crop is likely to return to the farmer.

To determine the economic advantage of control, it is necessary to estimate the
Iikely economic return from the crop if no action is taken (i.e. if the disease is left
uncontrolled), the likely economic return if the disease is controlled by a
particular method as well as the cost of the various control options including cost
of materials, labour costs and any damage likely to be caused by the treatment
(e.g. mechanical or chemical damage). Having estimated the various costs and
benefits likely to result from various control options, the economic advantage of
any given option can be determined by the following formula:
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Economic Expected return if
advantage of = disease is

disease control ($) controlled ($)

Cost of
* control

treatment

It is not always possible to predict the economic advantage of control,
particularly in regions such as Australia where the climate is erratic. In such
areas crop yields vary greatly from season to season as does the intensity of
disease epidemics. It is not possible therefore to predict, with any degree of
accuracy, the expected returns if no action is taken and to compare this with the
likely returns if the disease is controlled. However, in regions that experience
reliable climates or in situations where the climate can be modified by artificial
means (e.g. irrigation areas) it is possible to predict crop yields and the pattern of
epidemic development.

The feasibility of control

Even though a cost-benefit analysis might indicate an economic advantage if a
particular control option is implemented, one might decide not to recommend any
control option. There is no point in recommending a control strategy that
requires equipment or skills which are not available in the region concerned. For
example, research in the Solomon Islands in the l97Os showed that the
incidence of pod rot of cocoa caused by Phgtophthora paLmiuora could be reduced
by harvesting all mature fruits at monthly intervals and destroyrng diseased pods
by deep-burying. This practice reduced the amount of inoculum available for
infection and the amount of disease that subsequently developed. However, the
practice was not a feasible option in the Solomon Islands at the time. In the
villages where most of the cocoa was grown, the inhabitants were subsistence
farmers who did not rely on a consistent cash flow. Money only became
important in times of celebrations and emergencies. Consequently, cocoa was
only harvested at irregular intervals when money was required. Similarly,
fungicide application was not feasible because although farmers may have had
access to hand-operated knapsack sprayers, fungicides were not available
outside the capital crty.

The options available

Any control recommendation should always take into account the specific
problem in question. The options available to growers must be considered. To
illustrate this point the following hypothetical example is given. Suppose a
particular vegetable crop shows about 4Oo/o infection with a specific virus. Also
suppose that the level of infection would make it unprofitable to continue to
cultivate and irrigate the crop and to subsequently harvest and market the
product at a profit. The question that arises is whether or not to destroy the crop.
If the crop is ploughed under it may be possible to grow an alternative
opportunity crop of some other species that does not become infected with the
particular virus in question. What economic return would be expected from this
alternative crop and how would the growing of this opportunity crop interfere
with the subsequent use of the land? Should the grower remove and destroy the
diseased plants to reduce spread of the disease or let them grow without further
inputs and perhaps harvest the seed rather than the vegetable product for
subsequent sale? Is the virus seed-borne? These and various other options and

I Expected return if

I the disease is left

(lrncontrolled 
(s) J
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considerations must be taken into account before the most appropriate
management action can be taken.

The disease in perspective

The threat or danger of a disease to an industry as a whole or to native vegetation
will influence the control strategy used. If a disease is caused by a newly
introduced parasite not previously found in the area and if ttre diseasl
constitutes a serious threat to an important industry, a control strategy
regardless of cost might be instigated. Governmental assistance might be
necessary to finance such a control program. For example, when coffee rust
tHemtlea uastatrix) was observed in Papua New Guinea in 1965, prompt
destruction of trees in the affected area and spraying trees at risk with fungicides
by government authorities eliminated the disease. This exercise cost about
$7O,OOO excluding labour costs. Unfortunately, when the rust was reintroduced
20 years later, attempts to eradicate it were unsuccessful.

22.5 Integrated disease management
Integrated Pest Management (IPM) is a system for managing pests that uses all
suitable techniques in ways that complement one another. It aims to reduce pest
populations and keep them below threshold levels at which economic injury
occurs. The concept was developed by entomologists in the late t95Os as a result
of the evolution of strains of insects that were resistant to widely used
insecticides such as DDT, the resurgence of insect pests that had previously been
controlled by insecticides and the emergence of secondary pests in situations
where the major pest had been controlled. In addition, the publication in 1963 of
Rachel Carson's book 'Silent Spring' made the public a\Mare that insecticides
such as DDT had detrimental effects on cerlain environments.

Plant pathologists have not taken the same level of interest as entomologists in
integrated management of diseases largely because there has always been an
element of integrated control in plant pathology. Disease control has not been
reduced to a 'one shot' approach relying on one control strategy (usually the
application of chemicals). Multiple approaches have been used to modiff the
progress of epidemics at several points in their development. For example, in
major grain and forage crops, resistant varieties are often used in conjunction
with crop sanitation, crop rotations, removal of diseased plants and alternate or
alternative hosts and manipulation of the environment. Intensive spray schedules
have only been developed for fruit and vegetable crops that require an
unblemished appearance for acceptable product quality. Even with these crops,
spray schedules are combined with other practices such as crop sanitation, use
of disease-free planting material and modification of the environment to ensure
disease control.

When the disease cycle and the modes of survival and dissemination are not
fully understood, multiple approaches to disease control are needed. One
example of a disease for which some of this information is still being elucidated is
pod rot of cocoa caused by the fungus Phgtophthora paLmiuora (Fig. 22.3). pod rot
is the most serious disease affecting cocoa worldwide and reduces yields by about
3Oo/o. Symptoms include pod rot, stem and flower cushion cankers (important
because flower cushions produce flowers year after year), leaf, main stem and
seedling blights and sudden death due to the formation of stem cankers.

The fungus survives as chlamydospores and saprophytic mycelium in the soil
and as mycelium in flower cushions, young fruit (cherelles), stems and leaves on
the cocoa tree and in plant debris. Traditionally, cocoa pods are harvested, their
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husks split open and the seeds removed in the field. The unwanted pod husks
are discarded under the trees and provide a source of inoculum for further
infection. Rainsplash and aerosol dispersal of inoculum from discarded pod
husks and surrounding infested soil are imporlant up to a height of about one
metre while ants are responsible for moving inoculum into the higher parts of
plants. Tent-building ants carrlr soil containing propagules of the fungus into the
canopy to build their tents. In the process, they initiate peduncle infections. Tree-
dwelling ants construct their tents from plant debris which also contains
propagules, although fewer propagules than soil. Pod and bark (nitidulid and
scolytid) beetles are consistently observed in large numbers on infected pods
within a day of the appearance of symptoms. Since these beetles breed in the pod
husks and visit flower cushions and infected pods, they are likely vectors of the
pathogen within the canopy of the piant. They could also fly or be blown from one
planting to another, spreading the pathogen at the same time. Raindrops or
dewdrops falling from diseased tissue can carry propagules of the fungus to
healthy tissue. The pathogen may also be spread within the canopy by rainsplash
or direct physical contact between infected and healthy tissue.

Figure 22.3 Disease cycle of Phgtophthora palmtuora, the cause of pod rot and canker of
cocoa. (From Konam, Dennis, Saul, Flood and Guest, l996.)

In Papua New Guinea, management strategies rely heavily on the application
of fungicides. Trunk injections of phosphonates provide excellent, durable control
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of pod rot and stem canker and have been the recommended fungicide treatment
since 1992. Trunk injections are widely and routinely used in plantations.
However, few smallholders follow this recommendation. Significant disease
control and corresponding increases in yield can be achieved using simple and
inexpensive management practices which also enhance control achieved with
phosphonate injections. Rainsplash and aerosol dispersal can be reduced by
removing or burying discarded pod husks and by using a groundcover such as
grass or mulch. Stopping ants from reaching the canopy by girdling tree trunks
with grease prevents the transport of propagules up the trunks of the trees. The
activities of nest-building ants may be reduced by adopting as yet undetermined
practices to encourage ground-dwelling ants which outcompete tent-building
species. Wider plant spacing and regular pruning open the canopy resulting in
Iower relative humidity which discourages disease development. While pruning,
ant nests and infected plant material can be removed reducing dispersal within
the canopy by raindrops, dew, rainsplash, ants and beetles. However, care must
be taken not to inoculate healthy branches by using contaminated pruning
implements. Frequent harvesting of ripe pods allows removal from the canopy of
infected pods which are sources of secondary inoculum.

The discovery in the l96os of systemic chemicals which can eradicate
pathogens in infected plants may have encouraged pathologists to rely too heavily
on chemical control. However, the recognition of resistance to many of these
chemicals soon after their introduction ensured that practices were developed for
using systemic fungicides strategically in conjunction with other disease control
practices.

Since the mid l97Os, the term'disease management'has tended to replace the
term 'disease control', reflecting a change in attitude. Plant pathologists have
realised that control, which implies the complete or near complete elimination of
a pathogen, is usually biologically unrealistic and economically unnecessary. The
term management, however, suggests the rational use of measures to achieve
both biological and economic goals. Disease management programs aim to
manipulate the pathogen population so that it does not reach levels at which
economic losses occur as well as to improve the efficiency of crop production.
Disease management also focuses attention on the dynamics of the crop-
pathogen interaction, an approach that is more likely to be successful than
concentrating on the pathogen, the approach encouraged by the term disease
control.

22.6 Crop health management
There are many factors that influence the productivity of a crop, including
insects, diseases, weeds and nutrition. When a problem occurs in any one of
these areas, it is dealt with by entomologists, plant pathologists, weed scientists
or plant nutritionists, respectively. In recent years, specialist scientists have
increasingly worked together, integrating their disciplines in an effort to achieve a
level of pest and disease control that is acceptable in economic terms to farmers
and at the same time causes minimal disturbance to the environments of non-
target organisms. Plant production is therefore a complex process requiring
either an individual with a very diverse range of skills or, more often, a team
approach. Integrated or holistic approaches to crop production have resulted in
the publication of health management manuals for crops such as wheat, peanuts
and potatoes (e.g. those published by the American Phytopathological Society).
These manuals cover every aspect of crop production from site selection to
postharvest care, including the economics of production.
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There are several factors that motivate growers to adopt an integrated
approach to crop production, especially pest, weed and disease control. One is
the reduction in the number of chemicals available to control pests and
pathogens. Pesticides are being deregistered as concerns about their safety rise
and many have become redundant following the development of resistance in the
organisms they were meant to control. The farming community will receive
favourably any strategies for controlling pests and pathogens that also reduce
chemical usage because of its concern about the health of farm workers who are
in close proximity to chemical pesticides. Another factor that obliges growers to
look for alternative ways of producing healthy crops is the encroachment of
suburbia into farming areas. More intensive population of farming areas restricts
the use of chemical pesticides because of the risk of spray drift affecting humans
and animals and the danger of sprays contaminating water supplies.

On the other hand, the more complex management systems involved in
integrated pest and pathogen control programs compared with the simplicity of
using chemical sprays may retard the adoption of integrated control. Chemicals
provide fast, simple, cheap and, usually effective, control of diseases. In the past,
spraying for disease was often carried out by the calendar (e.g. on a weekly or
two-weekly basis) or by the growth stage of the crop (e.g. sprays applied at bud-
burst and again two weeks later). Spraying for disease was often combined with
spraying for insects pests, further reducing the cost and effort involved. Crop
health management systems require farmers to take a more active part in
evaluating available control options, assessing the risk of disease or pest
occurrence and monitoring epidemic development. By doing this, the level of
threat should be met with an appropriate level of control. In seasons favourable
for epidemic development, more sprays would be applied while in seasons in
which the threat is low, fewer sprays would be applied. Integrated control relies
on good data gathering and the involvement of farmers at all stages of the
decision making process. Many farmers do not have the time, experience or
expertise to carry out these practices so some employ trained consultants to
provide necessary advisory and monitoring services.

Legislation could be used to force growers to adopt integrated plant health
programs, but would be difficult to enforce. Whilst claims of 'organic produce' can
be verified by testing for chemical residues, produce resulting from integrated
control regimes are not necessarily the result of reduced pesticide applications
overall, although the chemicals used are usually considered 'softer' or less
harmful to the environment. Any reference to reduced or safer pesticide usage on
the packaging of produce grown under integrated control systems may invoke a
hostile response in potential consumers who often perceive any indication of
chemical use as negative.

Successful adoption of new technologies or strategies by farmers is the result
of a complex decision-making process tempered by economic and sociological
pressures. Whilst it might be a sound disease-management decision to leave a
field fallow to break a pathogen's life cycle, it might not be economical to do so,
and farmers will receive conflicting advice from their accountant and their
agricultural adviser.

Conflicting and complementary management strategies
One of the most challenging tasks in designing a workable integrated crop
production system is combining management strategies for insect pests and
diseases with agronomic practices. The requirements for one control method may
conflict with those for another or with another farm management practice. Many
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of the procedures mentioned in this section are discussed more fully in Chapters
23-27.

The use of minimal tillage has obvious advantages for controlling erosion and
maintaining good soil structure (see Chapter 25). However, it may hinder the
control of soil-borne pathogens where tillage is used to expose propagules to
degradation by solarisation or desiccation. The use of herbicides to control weeds
in minimal tillage regimes may also encourage the formation of resistant sclerotia
by pathogens such as Macrophominain weed hosts.

Some herbicides applied to crops to control weeds change the sugar
concentrations of host tissues and consequently change their susceptibility to
infection by pathogens. Fungi such as ALternaria soLani prefer 'low sugar' tissues
while others such as the rust fungi prefer'high sugar' tissues. Thus, herbicides
such as 2,4-D which decreased the sugar content of host tissue lead to an
increase in the severity of diseases such as those caused by ALternaria solanr and
a decrease in the severity of some rust diseases. In some cases, germination of
the spores of pathogens is inhibited by the use of pre-emergent herbicides,
perhaps due to the induction of phytoalexins in the host plant. Herbicide
treatments also increase leakage of host metabolites. Because the growth of
many pathogens is stimulated by host metabolites, herbicides applied to the soil
can lead to an increase of seedling diseases.

Micro-organisms vary in their sensitivity to pesticides. A pesticide applied for
one purpose may lead to a previously insignificant disease becoming important.
For example, treating soil with several fumigants to control soil-borne pathogens
and weeds stimulates the germination of sclerotia of Sclerotinia spp. leading to an
increase in the incidence of sclerotinia rot in lettuce. Application of the herbicide
atrazine increases the incidence of fusarium rot in navy beans by stimulating
spore germination, germtube growth and chlamydospore formation. Germination
of coffee rust urediniospores is stimulated by low concentrations of copper so the
application of copper-based fungicides may increase the incidence of rust.

Machinery used for cultivation to control weeds and for applying chemical
sprays to control pests and diseases compacts soil. Compaction restricts root
growth, interferes with water drainage, reduces gas exchange within the soil,
allows toxins to accumulate, reduces biomass and yield, predisposes plants to
root rots and contributes to root rot severity.

Since fungal diseases are generally more severe in densely-planted crops,
increasing row spacing generally reduces disease severity because the
microclimate within the crop is less moist and less favourable for fungal
establishment (see Chapter 25). However, some viral infections such as
groundnut rosette disease become more severe in widely spaced crops because
insect vectors are attracted to bare ground and are more likely to land in such
fields.

Plants fertilised with high levels of nitrogen grow larger and faster but are
more susceptible to diseases caused by bacteria and biotrophic fungi, such as
rusts and powdery mildews (see Chapter 25). Ammonium-containing fertilisers
can have an indirect effect on disease by lowering the pH in the rhizosphere,
which can increase susceptibility to diseases such as fusarium wilts.

Fumigating soil before planting has been used in many cropping systems to
eliminate weeds and soil-borne pests and pathogens (see Chapter 23). However,
the chemicals used are generally biocidal in action and lethal to soil organisms
such as mycorrhizal fungi which assist many plants in nutrient uptake.
Mycorrhizas have also been implicated in the suppression of various soil-borne
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diseases, both directly by occupying potential infection sites on the host, and
indirectly by contributing to the general vigour of the host.

Predatory mites are used to control pest mites in many Australian crops.
However, fungicides such as benomyl and insecticides such as ox5rthioquinox
may have adverse effects on the predators and should not be used in conjunction
with them.

In some cases, the use of insecticides has led to an increase in the severity of
certain foliar diseases. However, this was caused by the emulsifring agents in the
insecticide dissolving the wil(y cuticles on the leaf surfaces making it easier for
fungi to penetrate the leaf surface, rather than any direct action of the active
ingredient.

22.7 Conclusion

Disease management can be considered a 'tool kit' approach to crop protection.
Plant pathologists have been developing 'tools' for crop protection for many years.
Planting crop varieties with resistance to specific diseases (Chapter 26) is often
the first line of defence. Chemical tools (Chapter 24) may be the major component
of a disease control program. Research is under way to provide biological tools
using organisms that reduce disease incidence or severity by mechanisms such
as induced resistance, hyperparasitism, hypovirulence or competition (Chapter
27). There are many cultural tools for controlling disease, including quarantine
measures, mulching, tillage and solarisation (Chapters 23 and 25). These are
particularly important in traditional farming systems because they are
inexpensive in terms of capital investment, but are labour intensive. Disease
management systems will be judged successful if they produce significant
increases in productivity or economic returns. To do so, they need to be based on
a sound knowledge of the specific disease in question, the organism involved, the
economic advantage of control and the various management options available to
the grower.
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