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14.1 Introduction
Soil accommodates the 'hidden' half of terrestrial plants. Although diseases
caused by pathogens in soil are as important as leaf diseases, microbial
communities, biological processes and the potential for interactions in the soil
are poorly understood. The importance of such interactions is sometimes
overlooked. For example, the effects of arbuscular mycorrhizal fungi on root
morphology and function, on microbial populations in the rhizosphere and on
soil-borne disease have only received broad scientific attention since the l98Os.
Frequently the degree of pathogenicity of soil-borne micro-organisms observed
under laboratory conditions is not repeated in the field where biological and non-
biological influences are less controlled.

To the casual observer, the most immediate impression of a soil relates to its
physical properties: colour, texture, horizons, compactness or strength, moisture
status and perhaps temperature. More detailed inspection would reveal a diverse
array of physical and chemical properties, many of which are inter-related.
However, soil is more than just an inert medium utilised by plants as a stable
base from which to obtain water and nutrients. Soil is teeming with micro-
organisms which interact with abiotic components, with plants and with each
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other. This ecosystem is primarily driven by carbon compounds derived directly,
or indirectly, from plants.

Depending on the environmental conditions, substrate availability and its
competitive abilities, a soil-borne pathogen will be either dormant, parasitic or
saprophytic (Figure 14.1). In each of these states a pathogen will encounter
different obstacles to survival and dispersal.
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Figure 14.1Factors affecting the activity of soil-borne plant pathogens include
environmental conditions, substrate availability and competitive
saprophytic ability. The availability of water has the greatest influence on
microbial activity in soil. Host availability includes alternative hosts. The
option of dormancy by a pathogen with a low competitive saprophytic
ability represents the extreme case; varying degrees of saprophytic growth
are likely.

During the period between hosts, soil-borne pathogens are exposed to
fluctuations in the soil environment. When the availability of host material
results in continuous infection chains, then the required survival time is
reduced. When the lack of substrate or host tissue leads to discontinuous
infection chains then the probability of exposure to adverse biological and non-
biological conditions is increased.

The greatest priority for a pathogen in dry soil, where most microbial activity
ceases, is to survive desiccation and declining energy reserves due to cell
maintenance and respiration. In contrast, a pathogen in a moist soil must
contend with reduced oxygen availabi l i ty, bacterial,  fungal and viral
hyperparasites, grazing by protozoans, nematodes or arthropods and volatile or
soluble todc substances.

Many plant pathogens of economic and ecological importance, including, fungi,
bacteria, nematodes and viruses spend part, or all, of their life cycle in soil.
Survival and dispersal of these pathogens requires different strategies to those of

Competitive
saprophytic

ability ?
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airborne pathogens because the soil environment presents physical, chemical
and biological impediments. The availability of host tissue to pathogens depends
upon its location in time and space. For the discussion of the survival and
dispersal of soil-borne plant pathogens in this chapter, an understanding of the
complexity of the soil environment is necessary.

14.2 The soil  environment

The physical soil environment

Soil consists of particles of various size and pores of varying diameter. Particles
may be sand (>50 pm diameter), silt (2-5O pm) or clay (<2 prm). The total porosity
of soils varies, but even more important is the variation in pore size distribution.
The smaller the pores the harder it is to remove water from the soil. A soil is said
to be at field capacity when it is at the moisture content to which it drains under
gravity. The force required to remove water from soil is known as the matric
potential and is measured in MPa or cm H2O.

The availability of water is the major physical factor limiting the activity of soil-
borne fungi, bacteria and nematodes. Water availability varies with soil pore size
(matric potential) and solutes (osmotic potential) which are primarily derived from
clays and organic materials. Temperature changes the availability of water
through effects on osmotic potential, freezing and evaporation, especially near the
soil surface. When water potential falls below -O.l MPa the rate of utilisation of
organic substrates declines rapidly. Nevertheless, many fungi remain active when
soil water potential falls to -30 to -50 MPa, or lower. Most bacteria are much less
tolerant of dry conditions and their activity ceases below the range -1 to -15 MPa.
Movement of nematodes is prevented at higher matric potentials than those
required to cause desiccation. At the opposite end of the moisture scale, soil-
borne inoculum faces lack of oxygen when soil pores become saturated during
flooding.

Most plant parasitic nematodes are between lO and 40 pm in diameter and
therefore optimum movement occurs when soil pores are in the range 3O-l0O
pm. Recently drained pores (at field water holding capacity) favour nematode
movement because nematodes are not efficient swimmers and move with a wave-
like motion, pushing against soil particles. Further drying increases the surface
tension of water and this prevents migration. Zoospores such as those produced
by Phgtophthora spp. are generally about 4 pm in diameter and pores appreciably
larger than this are required to allow dispersal. Bacteria are motile within films of
water and their dispersal is restricted when pore necks are less than 1.5 pm. The
growth of fungal mycelium through soil is less restricted than that of zoospores
or bacteria because cytoplasmic streaming in hyphae negates the need for free
water in soil pores.

Within specific ranges, temperature is directly related to microbial metabolism
and growth. Temperature extremes lead to death of micro-organisms. This effect
is exacerbated near the soil surface. Ratstonia(Pseudomonas) solanaceqL'um is
eliminated from soil when temperatures rise above 43"C. In naturally infested
potato fields in northern New South Wales, R. solanacearum is absent from the
upper layers of soil.

Apart from the effects of water availability, pore size and temperature,
pathogens may also face shearing or compression from cultivation or as a drying
soil shrinks. These effects will be greater for large propagules or hyphae.
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The chemical soil environment

The nutritional status of a soil has both direct and indirect effects on the
activities of the soil microflora. All the essential mineral elements are reported to
influence disease incidence or severity but it is difficult to distinguish whether
this is due to effects on the pathogens or the host. A particular element may
inhibit some diseases but stimulate others and have an opposite effect with
modification of the environment or rate. For example, inhibiting the nitrification
of ammonium reduces verticillium wilt but may increase rhizoctonia canker in
potato. In acid soils the availability of manganese and aluminium can reach todc
levels. Increased manganese availability is a factor in soils that are suppressive to
take-all in wheat and verticillium wilt and rhizoctonia root rot in cotton. At least
part of this effect is a direct interaction between manganese and the pathogen.

Many bacteria and fungi oxidise and/or reduce inorganic compounds and
affect their availability, the soil pH and redox potential. Iron is an essential
micro-element. Some fungi and bacteria produce chelating agents (siderophores)
which bind available iron and make it inaccessible to other micro-organisms. The
suppressiveness of certain soils to GaeumannomAces graminis, the cause of take-
all in wheat, is associated with siderophore production by pseudomonad bacteria.

Plant residues are a significant component of soil, affecting its structure,
chemistry and biology. Soil organic matter is derived directly from breakdown of
plant residues and indirectly as the remains and by-products of successive
generations of saprobic and parasitic micro-organisms. Toxic compounds
produced during the breakdown of organic matter play an important role in soil
microbial ecologr. Ammonia is produced in the soil when legumes are slashed
and incorporated as 'green manure' or'cover' crops. Fungicidal concentrations of
ammonia ranging from 0.4 to 3O ppm have been detected in soil seven days after
the incorporation of hairy vetch (Vtci.a uiltosa) residues. There is interest in
'biofumigation' using residues of some brassica crops. The glucosinolates that are
present in most brassicas break down to produce isothiocyanates which are
active against several soil-borne pathogens.

The biological soil environment
The biological component of the soil includes an extensive flora and fauna
ranging in size from bacteria to earthworms. It has been estimated that there are
up to lOe micro-organisms representing up to lOa species in a gram of soil (Table
f 4.l). The types of relationship that exist between the various components of this
dynamic microflora vary from synergism and mutualism through no interaction
to inhibition, antagonism, competition and parasitism.

Table 14.1 The numberof  organisms pergram in afer t i leagr icu l tura lso i l .  (From Burgess 1958.)

Bacteria-Direct count
-Dilution plate

Actinomycetes
Fungi
Algae
Protozoa

2,500,000,000
r5,000,000

700,000
400,000

50,ooo
30.000

The biologr, and consequently
Bulk soil differs greatly from that
influenced by roots). Rhizosphere

the chemistry of the soil, changes near roots.
in the rhizosphere (zone of soil adjacent to and
pH may differ from the surrounding soil by ..p



14. Soil-borne tnoculum 223

to 2 pH units due to root exudation, which occurs by both passive leakage and
active release. Root exudates support a dense and highly competitive community
of micro-organisms, usually within I to 3 mm of the root, which is very different
to that in non-rhizosphere soil. While root exudates play an important role in
attracting root pathogens the microbial flora of the rhizosphere is potentially
antagonistic to them. All root-infecting pathogens must pass through the
rhizosphere, where microbial competition is intense. Although such competition
is difficult to quantiff, the carbon and nitrogen supplied by root exudates is
important to successful infection of the host by many pathogens.

Soil micro-organisms increase their competitive saprophytic ability by
producing substances which antagonise others or by sequestering substrates.
Toxins include volatile and non-volatile by-products, lytic enzymes and
synthesised antibiotics. Rhizosphere pseudomonads produce phenazine
antibiotics and siderophores which increase their competitiveness and are
involved in the suppression of take-all in wheat. Certain siderophores can also
act as powerful antibiotics, thus increasing their function in competition.

Most, if not all, soil-borne pathogens are subject to predation or parasitism by
other organisms. Bacteria are infected by bacteriophages and consumed by
protozoans and nematodes. Fungi are lysed by bacteria, grazed by nematodes
and arthropods and colonised by hyperparasitic fungi. Nematodes are infected by
bacteria, trapped and parasitised by fungi and consumed by predacious
nematodes. Life in the soil is tough.

The soilecosystem
While the physical, chemical and biological attributes of soils can be measured
independently, the soil is an ecosystem in which no factor functions in isolation.
A beautiful example of interacting factors is shown by Fusanum roseum infection
of wheat. High soil moisture leads to a high rate of diffusion of root exudates
which leads to a high rate of germination of chlamydospores of F. roseum.
However, this does not lead to high infection because the high moisture level also
stimulates bacterial activity. The bacteria attack the young germ tubes of
F. roseum causing them to lyse. At much lower soil moistures, there is less
diffusion of exudates and lower spore germination but at low moisture levels,
bacterial activity is restricted and the germ tubes are not lysed. The result is a
high level of infection. Development of club root of brassicas, caused by
PLasmodiophora brassicae, provides another example of interaction between soil
properties and pathogen activity. Club root occurs under a wide range of
conditions in acid soil but is restricted to a narrow range in alkaline soil, where
high temperature, high moisture content and a high spore load are required.
Furthermore, disease severity is proportional to inoculum density at low, but not
high, light intensities.

14.3 Survival of soi l-borne inoculum
Survival effectively represents 'dispersal in time'. Inoculum of a pathogen must be
able to survive the period between inoculum production on one host and either
re-infection of the same host or infection of another susceptible host. This inter-
host or inter-crop period may vary from a few days to a few months or several
years.

The soil environment produces several obstacles to successful survival that
must be overcome by soil-borne inoculum in the absence of susceptible hosts.
The pathogen or its inoculum must be able to either avoid, compete with, or
withstand antagonism or parasitism from other soil micro-organisms. The
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inoculum must also be able to tolerate extremes and fluctuations of temperature
and moisture in the soil.

Alternative hosfs

If a pathogen has a large host range then the inter-host period can be
significantly reduced and in most cases the pathogen not only survives the
intercrop period but multiplies as well. VerficiLLium dahLiae is a pathogen of cotton
and has numerous alternative weed hosts which include Xanthrum spp.
(Noogoora and Bathurst burrs), H[brscus trtonum (bladder ketmia) and Rapustrum
rLLgosum (turnip weed). Many of the alternative weed hosts are common in cereal-
fallow rotations used in cotton production systems. Similarly, Thielauiopsis
basicoLa, which causes black root rot of cotton, can suryive and multiply on
legume crops grown in rotation with cotton. Colonisation of an alternative weed
or crop host allows the pathogen to avoid direct interaction with the soil
microflora while surviving the intercrop period.

It is possible for some pathogens to survive on an alternative host without
causing any apparent symptoms. Fusarium oxAsporum f.sp uasrnsfectum, which
causes fusarium wilt of cotton in Australia, has been isolated from several
symptomless weed hosts including Sesbanta cannabina (sesbania pea) and H.
trtonunt

Within crop residues

A second strategy for avoiding direct interaction with the soil microflora is
survival within crop residues. The inoculum of a pathogen which is embedded
within stem or root residues is buffered from environmental extremes and
partially protected from exposure to other soil micro-organisms. ArmilLarta- melLea
survives in infected stumps and roots while Verti-ctLLtum dahLiae and
Macrophomina phaseoLt survive in the roots and stems of their hosts. Even foliar
pathogens such as ALternaria heltanthi and ALternarta macrospora can survive in
infected crop debris. Bacterial pathogens such as Ralstonia soLctnacearum and
Xrrnthomono"s campestris pv. malvacearum, root lesion nematodes of the genus
Pratglencttus and several viruses, including tobacco and sugarcane mosaic virus
and cymbidium ringspot virus, may also survive in association with crop
residues.

As a saprophyte

Some plant pathogenic fungi have been described by S. D. Garrett as 'soil

inhabitants'. They have a high competitive saprophytic ability and as a
consequence can survive indefinitely as saprophytes. Such fungal pathogens
often have a wide host range and are widely distributed in most soils. Pgthium
spp. and Rhizoctonta soLani are typical soil inhabitants which sur',rive readily as
saprophytes on plant residues. Garrett also described some pathogenic fungi as'root inhabitants'. Root inhabitants generally have a low competitive saprophytic
ability and do not survive very long as saprophytes. These fungi are frequently
specialised for parasitism on only one or a few hosts. Some of the factors which
are known to increase the competitive saprophytic ability of fungi are high growth
rates, proficient enzyme production, antibiotic production and antibiotic
tolerance.

The saprophytic competence of soil-borne bacteria is based upon their small
size, their metabolic versatility and their ability to rapidly respond to changing
environmental conditions. The small size of bacterial cells enables them to absorb
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substrates quickly, multiply prolifically and escape predation. Metabolic tricks,
including the sequestering of inorganic nutrients (see siderophores as previously
mentioned) and carbon substrates, contribute to the competitiveness of soil-
borne bacteria. Several species of Pseudomonas have membrane bound enzymes
which enable the extracellular conversion of glucose, when in plentiful supply, to
gluconate and thence to 2-ketogluconate, compounds which many micro-
organisms cannot utilise.

Plant pathogenic nematodes are obligate parasites and cannot survive
saprophytically.

Resistant resti ng structures

Many soil-borne plant pathogens produce resistant resting structures such as
the large sclerotia formed by Sclerotinia sclerotiorum and Sclerotium rolJsii,
microsclerotia formed by V. dahLtae, chlamydospores produced by Fusarium
oxAsporum and T. bastcoLa, oospores produced by Phgtophthora ctnnamomi and
cysts produced by nematodes such as Gtobodera spp.and Heterodera spp. These
resistant structures allow the pathogen to survive in the soil from season to
season or sometimes over several seasons. If they are embedded in crop residues
then the life of these resistant structures may be extended even further.

While thickened walls serve as a physical barrier to desiccation and attack by
antagonists, most resting structures also have chemical defences. The insoluble
phenolic compounds known as melanins have a role in the defence systems of
most organisms, including fungi. Melanins and their precursors can exhi.bit
antibiotic activity but the major role for melanins is protection against the
hydrolytic enzymes of antagonistic organisms. Hyaline spores or hyphae in soil
are attacked and lysed quickly while melanised ones may survive for years.
Consequently, most soil-borne fungi produce melanins. The rind of fungal
sclerotia is pigmented and in most cases contains melanins.

Plant pathogenic bacteria do not produce spores but many are tolerant of
desiccation and survive for long periods under dry conditions. Survival of soil-
borne bacteria is enhanced by exudates (polysaccharides) which form a protective
coating around micro-colonies.

Physiological adaptations and soil fungistasis
Although host recognition events in soils are not yet well understood, it is clear
that the greater the degree of host specificity, the more precise are the recognition
factors. Sclerotia of Sclerotium ceptuorum are stimulated to germinate by volatile
sulphur compounds released by the host Allium spp. Zoospores of a grass-
infecting Pgthium sp. are preferentially chemotactic for, and encyst in greater
numbers on, grass roots.

When spores are produced it is important that they do not germinate
immediately. They are still attached to a dead or dying plant and it would be
suicidal to germinate in situ because there would be no susceptible healthy plant
to infect. Fungi overcome this problem by self-inhibition. When a substrate is
very heavily colonised by a particular fungus, the spores produced by that fungus
do not germinate in situ. This can be readily seen on an agar plate colonised by a
sporulating fungus.

Infested plant residues will eventually disintegrate. If the soil is cultivated, the
spores will be distributed through the soil. Self inhibition no longer operates
because the spores are no longer located on a heavily colonised substrate. Again,
it would be suicidal to germinate in this situation because, after cultivation, no
susceptible plant would be available for infection. This problem is overcome



226 Stephen Allen and Dauid. Nehl

because the spores of soil fungi are subject to soil fungistasis. Fungistasis
prevents the germination of fungal spores in the soil in the absence of a
potentially colonisable substrate or in the presence of high populations of micro-
organisms competing for nutrients. Bacteria and actinomycetes are similarly
restricted, apparently by the same mechanisms as fungi. Several theories have
been advanced to explain the phenomenon. The'nutrient deprivation'hypothesis
suggests that fungistasis results from insufficient nutrients to support spore
germination. Fungal spores can 'test'the environment to ensure it is suitable for
germination. Once spores are imbibed, they release a small pulse of sugars and
amino acids. Unless the equivalent amounts of sugar and amino acids are then
absorbed by the spore from its environment, the metabolism of the spore closes
down and it becomes inactive again. In some soils, volatile or non-volatile
inhibitors of biotic or abiotic origin may play a role in fungistasis. Possible
fungistatic agents include ammonia, which is detectable in some soils, and
siderophores of microbial or plant origin.

Simple nutrients like sugars and amino acids can override inhibition due to
fungistasis. Plant roots exude amino acids and sugars as they grow through the
soil. When a root passes close to an inactive spore, the exuded nutrients may
stimulate spore germination. Exudates from the roots of resistant plants may
also break fungistasis and stimulate germination. If this occurs then the
pathogen can often produce more spores as the food supply again becomes
limiting. Genetic heterogeneity within a dormant pathogen population provides a
selective advantage by preventing all propagules from germinating in response to
a single stimulus. Thus the chances of mass suicide in the event of rapidly
changing conditions are reduced.

Nematodes are motile and are attracted to roots. At least one nematode.
Meloidoggne jauanica, is subject to a hatching inhibitor that is present in the soil.
This effect is similar to fungistasis. Some nematodes survive from one crop to the
next by producing resistant structures such as cysts but many plant parasitic
nematodes are subject to a phenomenon very like diapause in insects which
interrupts maturation. It is like self-inhibition in fungi but the effect lasts for
many months and is not influenced by the substrate. Hatching and further
development occur when the next crop is planted. With some nematodes
hatching will not occur, even when the eggs are mature, unless a specific
chemical is present. In GLobodera rostochiensis, hatching is induced by a
chemical produced by the roots of potatoes and other closely related species.
Thus hatching only occurs when a susceptible host is present.

The greater the supply of energr and/or nutrients within inoculum, the greater
its competitiveness with other organisms. In the rhizosphere, inhibition of
germination of two formae speciales of F. oxAsporum by siderophore-producing
pseudomonads was effective when chlamydospores contained I ng of iron, but
ineffective when they contained 3 ng of iron. Clearly, pathogens with small
propagules will rely more heavily on exogenous nutrients for infection.

14.4 Dispersal of soi l-borne inoculum
Dispersal enables a pathogen to access a host under favourable environmental
conditions. Furthermore, dispersal increases the chances of at least part of a
pathogen population escaping adverse conditions. In comparison to dispersal of
airborne inoculum (Chapter r2), the soil is physically more limiting.
Consequently gradients of dispersal for soil-borne pathogens are much steeper.
The dispersal of soil-borne inoculum is directly affected by factors such as soil
particle size, soil structure, moisture content and location in the soil profile. If
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the energy for dispersal is derived from within the inoculum itself and the
pathogen controls the direction of movement then this may be described as
active dispersal. In passive dispersal the energy for dispersal is derived from an
external source such as human activity, wind or water movement and the
pathogen has no control of direction. The production of large amounts of
inoculum can partly compensate for the vagaries of passive dispersal.

Some fungi, though generally considered to be soil-borne pathogens, produce
inoculum which is dispersed above ground in air or with seed. This enables
dispersal over large distances and overcomes the limitations associated with
dispersal within soil. For many soil-borne pathogens there is little dispersal at all
and the inoculum remains in situ until intercepted by host roots. In permanent
bed systems, where subsequent crops are sown in exactly the same position
season after season, this results in a more rapid build-up of disease after the
initial introduction. Inoculum of Thielautopsis basicola, which causes black root
rot of cotton in northern New South Wales, becomes concentrated in a band in
the centre of the bed directly beneath the planting line for the following season.

Active dispersal
Most soil-borne plant pathogens spread very slowly through soil, either as motile
organisms or by growth of hyphae. Most diseases caused by these pathogens
occur in well defined patches which expand slowly from season to season. The
production of rhizomorphs by ArmiLlaria meltea enables the pathogen to grow
from an infected tree to an adjacent healthy tree. The mycelial strands produced
by Phgmatotrichopsis omniuora. which causes root rot of more than 2,000
species, also function in the same way.

As discussed earlier the movement of nematodes, zoospores and bacteria is
significantly affected by soil texture and soil moisture content. Nematodes are not
generally associated with heavy clay soils where the smaller pore sizes restrict
movement. Under ideal conditions nematodes can move 20-30 cm per year.
Zoospores are only motile in soil for periods of minutes to hours, depending on
their energy reserves and factors that induce encystment. Individual zoospores of
Phgtophthora spp. migrate 2-35 cm in soil depending on the species and the soil
texture. In Victorian eucalypt forests, P. ctnnamomi dieback can extend downhill
at rates of 4OO metres per annum, mainly by zoospore dispersal through the soil-
water system. Although this movement involves passive dispersal in flowing
water, it is motility that enables the zoospores to access and remain suspended
in this water until a potential host is detected. Motile bacteria can migrate
through soil over horizontal distances of 1-3O cm within one to a few days,
depending on soil moisture, soil texture and the presence of a host. Over time,
populations of bacteria can migrate along entire root systems.

Root exudates act as attractants for motile inoculum. The zoospores of
Phgtophthora spp. are chemically attracted to wounds or to the region of
elongation just behind the root tip (Fig. 14.2).

Passive dispersal by carriers or vectors
Animals of all kinds are continuously disturbing and transporting soil and plant
material from place to place. The spores of Phgtophthora spp. can survive passage
through the gut of the giant African snail, Achatinafultcq and by this means the
pathogen has been dispersed from one garden to the next. Similarly feral pigs on
the island of Hawaii transport P. cinnamomi in soil attached to their hoofs from
one area to another.
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The transmission of viruses by several hyphal and zoosporic fungi, nematodes,
and eriophyid mites within the soil has been demonstrated. Conditions which
favour spread of the vector favour spread of the virus.

Figure 14.2 Within a few minutes of placing excised avocado root tips in a suspension
of actively swimming zoospores of Phgtophthora ctnnamomi, the spores are
attracted to the root (left), and particularly to the region of elongation. ln 24
hours the initial root lesion (right) develops at this area of abundant spore
attraction and encvstment.

Passive dispersal in or with soil moved by wind and floodwater
Strong wind gusts frequently move soil. Organic components of the soil are
preferentially airborne. Plant pathogenic nematodes have been recovered from
dust traps set 2 metres above the ground during high winds. Flood waters wash
across agricultural land and carry soil and crop residues downstream. The
distribution of fusarium wilt of cotton in the Darling Downs area of Queensland
closely matches the areas inundated by floodwater in previous years.

Passive dispersal in or with soil and water moved by human activities
There can be no doubt that humans are the most important factor in the long-
range dispersal of soil-borne plant pathogens. Humans are also an important
factor in short-range dispersal through soil cultivation and the movement of
vehicles and earth-moving equipment.Any activity that moves soil or plant debris
from one place to another can disperse pathogens. These activities include the
movement of second-hand or dirty farm machinery, the trade in potted plants
and rootstocks between nurseries and transport of plant produce or residues.

The introduction of the potato cyst nematode (Globodera rostochiensis) from
South America to Europe in soil attached to potato tubers is well documented.
Jarrah dieback, caused by Phgtophthora cinnamomi, was first noticed in a very
restricted area of forest inWesternAustralia in 1921. It has now destroyed large
areas of forest. Earth-moving equipment used in the making of roads spread the
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pathogen extensively and run-off water carried it from the roads into the gullies.
The pathogen which causes verticillium wilt in a large range of crops can be
introduced when cotton gin trash is used as a garden mulch.

There is ample evidence of pathogens being effectively dispersed in irrigation
water. Long term studies of the spread of fusarium wilt of cotton in Israel showed
that the pathogen was dispersed along the rows by furrow irrigation. Cultivation
across the rows between crops had only a small impact on the spread of the
disease. An outbreak of phytophthora boll rot of cotton in California was
attributed to 'inoculation' of the pathogen in water applied to the crop through
the overhead sprinkler system from a storage dam. In Queensland, rainwater
run-off from soil beneath a single plant infected with Fusanum oxgsporum f.sp.
cubense, the cause of Panama disease, is enough to contaminate irrigation dams
with the pathogen.

14.5 Control

Successful soil-borne pathogens have developed strategies to overcome the
obstacles to survival and dispersal in the soil environment. The soil environment
also provides many obstacles to the effective control of these pathogens. However,
there are effective strategies for disease control which involve targeting the
pathogen during the dispersal and survival phases.

Pathogens may be excluded from a field or area by preventing introduction of
infested crop residues and soil on machinery, stock or in irrigation water or by
using pathogen free planting material. Seed treatment or in-furrow fungicides,
nematicides and bactericides can control pathogens which attack the host early
in the season, especially at the seedling stage of growth. Pathogens that survive
in crop residues may be controlled by burning, removal, accelerated breakdown
or deep incorporation of infested crop residues.

Crop rotations should not include alternative crop hosts and should include
control of alternative weed hosts. Decoy or trap crops (see Chapter 25) can be
used to stimulate premature germination of soil-borne inoculum. The concept of
decoy cropping, in which a non-host is used to stimulate germination and
subsequent 'starvation' of resting structures, capitalises on the breaking of
fungistasis. Toxic metabolites formed during the breakdown of brassica crops or
legume green manure crops can aid in disease control (biofumigation).
Maintaining balanced host crop nutrition also provides some control of soil-borne
plant pathogens.

Manipulation of the physical environment by improving soil drainage can
control of diseases caused by bacteria and zoosporic fungi. Conversely, flooding
of fields for 3O days during a summer fallow controls black root rot, verticillium
wilt and seedling diseases of cotton in parts of southern California. The soil's
biological/chemical environment can be modified by the use of organic mulches
and manures. The 'Ashburner' system for the control of P. cinnamomt on
avocados in Australia requires the semi-annual incorporation of abundant
organic matter and the maintenance of a neutral pH and a high calcium content
by adding dolomitic limestone. In a manner similar to decoy cropping, sclerotia of
non-specific pathogens (e.g. P. omntuora carr be stimulated to germinate by
diffusates from manure, although the value of this measure is offset by the
pathogen's saprophytic growth.

Biological control offers the opportunity to precisely target an infection court,
namely the rhizosphere, which is normally hidden and inherently inaccessible to
human intervention. Recent successes in biological control of soil-borne diseases
have built upon our greater understanding of soil ecology. Biological control
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agents are selected for competitiveness in the rhizosphere, antibiosis against the
pathogen of interest and, more recently, the ability to elicit systemic induced
resistance mechanisms in the host plant.
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