Chapter Four
The Biology of Disease and Pest

Suppression
Diseases and Pests in Natural Systems

Natural Immunity

Plants have immune systems that evolved to protect them from diseases and pests. Ecosystems also
have mechanisms to keep pest and diseases (and the ecosystem itself) in balance. Plant pathologists,
soil ecologists, and ecosystem specialists of various kinds have observed and described these in some
detail. Either or both of these systems, however, can get out of whack, allowing disease and pestilence
to run amok. This happens in nature and it can and does happen in farm fields, which is of course why
crop protection products have become so popular and their use so widespread. Also, as anybody who
grows plants knows, it is the plants that don’t get enough sun, water, or nutrition that are the first
ones to succumb to disease and pest damage. Plants need to be healthy for their immune systems

to work, and that health depends on a lot of factors. What we are just beginning to learn, however,

is how we can manage soils so that a plant’s natural protection systems are optimized, rather than
ignored (or worse, compromised). This understanding is still fairly basic, from a practical perspective,
but there are some important things we do know with regard to a soil’s ability to protect a crop.

The Importance of Diversity

First of all, we know that diversity is a key to keeping disease organisms in check. Many microbes have
weapons that they can use to battle the “bad guys” and, given a chance, they will use them. After all,
it is in the interests of most soil food web entities to keep the plants in their region alive and healthy,
for the plants provide them with their on-going supply of energy, via their exudates.

Beneficial microbes fight plant disease by:

o out-competing pathogenic organisms for

resources

providing barriers between pathogens and roots

exuding anti-biotics that kill pathogens

in some cases, consuming pathogens

providing plants with the specific substances they

need to launch their own defense mechanisms

and, perhaps most amazingly

o helping plants prepare their defenses in advance
of an attack by operating a below-ground
communication system for disease and pest alerts
(see “Mycorrhizal Fungi and Inter-Plant
Communication”, below).

Insect pests may also be controlled by certain organisms, for
instance:

o predatory nematodes attack the larvae of some
insect pests, killing them by burrowing inside and Nematode-trapping Fungus
eating them alive (Figure 32)

o these predators also prey on root-feeding Source: Soil and Water Conservation Soci-
nematodes, keeping those pest populations in ety (SWCS). 2000. Soil Biology Primer. Rev.
check; and, ed. Ankeny, IA: Soil and Water Conservation

J certain fungi trap the root-feeding nematodes in Society

loops made with their hyphae and then slowly
absorb them (see Figure 32).
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Healthy soils are diverse soils and from what we are learning about how the soil food web works,

it appears that diversity is the key to disease and pest management in natural systems. All of the
disease and pest controls described above depend on the presence of a large and diverse soil food
web.

Root Exudates and Disease Suppression

In Chapter Three we discussed the role of root exudates in soil fertility. By feeding bacteria and fungi
in the root zone, exudates stimulate the microbial loop, resulting in improved plant access to nutrients.
This is a general benefit of exudates, but it is not the only one. Plants release exudates for a variety of
specific purposes as well. One of these purposes is disease suppression.

In fact, we now understand that plants are always attempting to modify the microbial population in
their root zones, using both short-term and long-term strategies. In the short-term scenario, plants
can release exudates that attract or grow the populations of microbes that help them fight off specific
diseases (see “Bacterial Allies” below). In the longer term, plants try to mold a root-zone “microbiome”
(community of microbes) that is generally suppressive of the diseases to which they are prone.

An important point to note here is that plants cannot attract microbes to their root zone if these
microbes are not present in the bulk soil — a strong argument for diversity. As we will see in Chapter
Seven, many soil health principles and practices are intended to stimulate and support high levels of
diversity, both above and below ground. The role of exudates in building both plant and crop immunity
is one important reason why.

Examples from Recent Research
Mycorrhizal Fungi and Inter-Plant Communication

A pair of recent studies have opened up a whole new direction of research into how plants defend
themselves from diseases and pests. Both studies involved the role of mycorrhizal fungi (first
described in Chapter One, with more detail in Chapter Three). Here is a quick review of how
mycorrhiza work in general.

Mycorrhizal fungi set up trading systems with plants, where they bring nutrients and water to the plant
roots in return for the sugars and other carbon-rich materials plants produce via photosynthesis. In
agriculture, the common type of mycorrhiza (VAM), actually infect plant roots and create within them
little compartments called vesicles, where the trading takes place. These fungi then grow their hyphae
well out into the bulk soil and connect with other plant roots, as well as with other fungi. In essence,
they create an underground network, which scientists refer to as common mycelial networks.

These two studies show clearly that these underground networks are used for more than carbon
trading and nutrient delivery. In one study, the researchers looked at how tomato plants create a
chemical that helps them fight off a specific disease that is common to tomatoes. They found evidence
that non-infected plants that are close to infected plants often get started on producing the anti-
pathogen chemical even before they are infected, almost as if they had been warned. The researchers
wondered if there was any way in which an infected tomato plant could send a message to other
plants in its vicinity, warning them of the arrival of the pathogen. They set up an experiment where
they isolated the various ways in which such communication could occur - one potential way was
through the air (chemical messaging) and the other two ways were via the soil. The two soil-related
possibilities they looked at were: messages sent via root exudates; and messages sent through the
common mycelial networks.

By carefully managing the experiment to leave only one of the three options open at a time, they
were able to show without any reasonable doubt that the messages were being sent through the
mycorrhizal network. This makes sense, from an evolutionary perspective. Scientists believe that
terrestrial plants and mycorrhizal fungi evolved at around the same time in earth’s history — around
450 million years ago. This means that they have had a long time to work out this system, which
benefits both the plant (better disease resistance) and the fungi (healthier trading partners).

A similar study was done with broad beans and aphids. The latter are a major pest on broad bean
crops, both directly (by sucking sap from the plant) and indirectly, as a host for a number of plant
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Watch out
mate, aphids
are about!

Aphid feeding on garden pea
(Figure 34)

Mycorrhizal fungus

Diagram showing role of fungal networks in plant immunity
(Figure 33)

viruses. Investigators found that non-infected bean plants emit from their leaves an air-borne chemical
that attracts the aphids. However, once the beans are infected by the aphids, they change their
chemical signal to one that is attractive to a particular wasp species, one that preys on aphids. In other
words, they send out a signal that will attract help in fighting off the aphids.

As with the tomato study described above, the researchers set up a group of bean plants in such a way
that the only possible message route between the plants was the common mycelial network. They then
infected some of the plants with aphids. They found, as expected, that the infected plants changed
their chemical signal to one that attracts wasps and not aphids. They also found, as with the tomatoes,
that the non-infected beans soon altered their chemical signal as well, making it more attractive to the
wasps than the aphids. The conclusion, again, was that the mycorrhizal fungal network was passing a
message between the plants connected to its network, and that the message was something like this
-- “look out - aphids attacking — prepare the defenses!” (see Figures 33 and 34).

Bacterial Allies

Another recent study showed clearly how plants can use their exudates to attract specific bacterial
allies, who then help them to fight off disease. Some plant pathogens are able to slip through plant-
leaf stomata (the leaf openings through which the plant takes in CO; and releases oxygen and water
vapour). This is how these pathogenic bacteria are able to infect the plant (see Figure 6, Chapter One).
However, the researchers knew from previous experiments that this invasion can be halted when the
beneficial bacterium Bacillus subtilis is present in the soil where the plant is rooted.

To investigate how this disease resistance works, they tested approximately 3,000 plants inoculated
with a common foliar pathogen, during a year-long period. They found that when a foliar pathogen
attacks, the plant uses root exudates to “recruit” (that is, attract) Bacillus subtilis. The exudates also
promote the further growth of the B. subtilis population. These beneficial bacteria then bind to the
plant’s roots and release substances that prompt (and assist) the plant to close its stomata, preventing
further infection. This is obviously a plant-microbe partnership that has evolved over millennia — one
that benefits both parties. As research continues into how plants defend themselves against diseases
and pests, it is likely that many more of these partnerships will be discovered.

Again, we should make the point that this defense would not be possible if the bacteria in question
were not already present in the soil — another reason to promote diversity.
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It Takes a Team

The studies above were examples of relationships between specific
plants and their microbial partners. However, the use of molecular
DNA-based technologies has opened up the possibility that some
defense strategies are much more complicated than that. Research
teams in California and the Netherlands, working cooperatively,
used a technology known as the “PhyloChip” (see Figure 35) to
look closely at the types of microbes found in soils that suppress an
important disease of sugar beets. They determined that this disease,
caused by a specific fungal pathogen, could be reliably controlled by
a “consortium” of 17 beneficial bacteria.
If all of these species were present in
reasonable numbers, the pathogen was
. not a problem; if even one was missing,
(I;::lgylllg:l;g) the soil did not suppress the pathogen,
and the beets became diseased.

As time goes on, we may find that this “team approach” is the key to
many plant diseases, as well as to pest management. It would explain,
for instance, why the application of compost to soils has been found to
suppress disease effectively in many situations, but not consistently.
Perhaps, in the cases where the disease in question was not suppressed,
one or more of the key members of the microbial consortium was missing.

This area of research holds enormous promise. Imagine a future where
testing systems like the PhyloChip (perhaps refined to the point where
farmers can employ these tools themselves) are used regularly on Al : :
agricultural fields, in order to determine if the “*microbe defense teams” Plant Root Microbiome
necessary to prevent disease and suppress pests on that specific crop are (Figure 36)
present. If anything is missing, it can be added as a probiotic.

In the meantime, however, this study, like the others described above, presents another strong
argument for promoting and sustaining diversity in soils. By doing so, we increase the odds that all
members of any specific microbial defense team are present (see Figure 36).

Summary

Plants have natural immune systems that can protect them from disease and pests. However, there
are many factors that affect the ability of these protection mechanisms to function. Healthy soils are
definitely one of the most important factors - they contain large, diverse numbers of beneficial soil
organisms, usually bacteria and fungi, that can work to suppress disease and pests in a variety of
ways, including physical protection, competition with pathogens, antibiotic production, direct predation
of disease organisms, and supplying plants with substances necessary for their defenses to work.

All of these microbial support systems for plants are dependent to some extent on diversity. Soils with
a high level of microbial diversity are more likely to have the necessary partner available when the
plant needs them. The plant is then able to signal, attract, even support the growth of the microbial
partner that will help them to fight off a disease or pest.

Several scientific studies conducted over the past few years have revealed the details of some

of these partnerships. They have shown that plants can communicate with each other through
underground networks supplied by mycorrhizal fungi, allowing them to send warnings when diseases
or pests attack. They have also shown that plants often produce root exudates that attract and grow
populations of microbes that play a direct role in boosting their immunity or shutting out disease
organisms attacking them above ground. In addition, advances in molecular technologies, based on
DNA sequencing, have allowed researchers to actually identify teams of microbes that work together to
prevent serious plant diseases. These studies point the way to a future where diseases and pests may
be controlled by supporting the plant-microbe relationships that provide natural protection, as opposed
to simply trying to destroy the “bad guys” with targeted chemical products.
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