System Design for Pest and Disease Managment

The aim is to have a healthy agroecosystem, plants free of as many potential stresses as possible, a diversity that avoids easy pathogen spread, and plants with balanced good levels of nutrition.  Some of the specifics are covered below and then the effect of competition and biological control is discussed.

Shelter

Plant disease levels can be exacerbated by stress caused by wind or drying out.  Well designed shelter can help reduce these effects.  But see airflow below (and note too that shade can cause greater levels of fungal diseases and insect pest problems).

Airflow

A system should be designed to allow airflow so that there humidity can be reduced and free moisture on plant surfaces dried off before too long.  This reduces the level of e.g. fungal infection.

Genetic Variation

Intercropping (described in the Biodiversity for Pest and Disease Management article) reduces the classic problem of a monoculture where pathogen spread is unimpeded by non-target plants and an epidemic can occur faster and be more severe.  The genetics of the host crop are also important, either having variation to slow down a pathogen or being a genetically resistant cultivar to a particular pathogen.

Rotation

Rotation provides a temporal break in between similar crops thus disrupting the life cycle of a pathogen and the propensity for it to build up a population in one area.

One of the most important cropping diseases to plan against is Sclerotinia sclerotiorum which affects most commercial crops sometimes to devastating effect.  This fungus perpetuates in the soil with resting bodies called sclerotia.  Cropping rotations should have some amount of break from susceptible plants in them; non-susceptible plants include the monocotyledons onion, sweetcorn, maize and the smaller grain cereals.  Since the resting bodies can survive three years in the soil, a single season break is aimed to reduce propensity for build up.  If a severe problem is encountered, affected plants should be pulled to reduce build up of sclerotia and non-susceptible crops planted for three years in the affected area.

Good Nutrition

The main principles of good plant nutrition related to plant pathogens is to have an adequate supply of all required nutrients without an unbalanced excess of any of the nutrients.  Particular problems can occur in either undernourished plants that are not growing fast and in plants that contain excess levels of nitrogen in particular and to some extent phosphorus.  This is discussed further in Module 4 Plant Nutrition.

Soil pH 

Some soil pathogens are affected enough by soil pH for effective control to be achieved.  For instance most fungal pathogens are less of a problem at higher soil pH levels and club root of brassica (Plasmodiophora brassicae, a myxomycete either classed as fungus or protist) is seldom a problem above pH 6.4.  Bacteria and actinomycetes are more favoured by higher pH levels and the actinomycete pathogen Steptomyces scoparium (potato scab) is much less likely to be an issue when potatoes are planted in soil of pH 5.8 or lower.  In general the soil pH should be kept between 5.8 and 6.6 (lower in peat soils) for most crops as plant health can suffer above that range due to difficulties in metal trace element uptake and below that range due to problems with the uptake of major elements like phosphorus and poor biological nitrogen fixation.

Cell Wall Integrity

With one of the defence mechanisms of plants being a hard cell wall, there is scope for ensuring extra integrity against fungal pathogens.  Cell wall integrity may be enhanced by ensuring good soil calcium levels, silica sprays (mentioned in the next section) and good boron levels.  High nitrogen led growth can result in lush shoots that do not have sufficient hardening, making such shoots even more pathogen susceptible.

Antagonistic Effects Against Diseases

An aim for the agro-ecosystem is to encourage diversity and activity among soil life and leaf surface life.  It is through this activity that diseases can be excluded and controlled biologically (antagonised).

Antagonism can work by…

· Resource Capture: other organisms utilising resources reducing those available for the pathogen

· Competition for sites: physical presence of other organisms reduces sapce for the pathogen to take hold

· Antibiosis: other organisms producing substances that exclude or kill the pathogen

· There can also be direct parasitism or consumption by other organisms. 

Such effects can be pronounced on pathogens that require some dead material to inhabit first and build up resources before entering the living plant host e.g. Botrytis species.  Such organisms might rely on dead petals, for instance, as an entry point.  If these points can be occupied by competitive organisms (either through good microbial diversity and activity or an active biological control programme) then the disease can be controlled.

Another vulnerable time for organisms is when the pathogen first contacts the living host.  Here, competitive exclusion might rely on the competitor having a beneficial relationship with the host, thus increasing its advantage over the pathogen.  Mycorrhizae are very effective at reducing root pathogen levels for instance, partly from simply occupying potential entry sites and also from utilising resources.  The healthy rhizosphere is also effective with good biological activity generally serving to reduce the chance of a pathogen overcoming competition.  A healthy plant with balanced good nutrition will support a more active and more competitive rhizosphere.

Often the most vulnerable time for a pathogen is when it is away from the host.  This is discussed below.

Vulnerability away from the host

Many of the pathogens have a period of life in or on the soil either as free living saprophytes, saprophytes living on the original host litter (taking advantage of the infection they already had in the tissue), or as resting bodies (often hardened spores or larger structures).  This phase is a vulnerable one for the pathogen.  They lack the protection of a live host fighting off other organisms and most pathogens are poor competitors as saprophytes.  

The poor competitiveness of pathogens as saprophytes may be due to its main metabolism being geared towards production of substances that make it more successful as a pathogen at the expense of being a saprophyte.  It has also been theorised (and seems clear in many cases) that many of the aspects of being an effective saprophyte (e.g. growing fast, heavy production of extracellular enzymes and producing antibiotics to exclude other organisms) make for a poor plant pathogen as the host will more easily recognise the organism and reject it. 

Having a high soil biological activity or high biological activity on leaf surfaces and in plant litter will help decompose and control resting bodies and spores of the pathogens.  Efficient and diverse soil biological activity will also serve to out-compete the pathogens at one of their weakest points, the saprophytic phase.

Biological Control

Biological control in its widest sense includes the antagonistic control of organisms already described.  Some of the types of biological control are defined below.

Classical Biological Control 

Where an organism (biological control agent) that controls a problem pest, disease or weed is introduced into an area to spread itself and perpetuate to control the problem e.g. importation of ladybird species into New Zealand to control aphids.

Inoculation Biological Control

Where the biological control agent is actively spread and requires reintroduction e.g. introduction into a greenhouse of Encarcia formosa to control whitefly.  

Inundation Biological Control

Where a large amount of the biological control agent is applied like a pesticide (biopesticide) e.g. use of BT (Bacillus thuringiensis) sprays to control caterpillar pests. 

Augmentative or Conservation Biological Control

Where the success of the biological control agent is aided by the provision of habitat, food source etc and provides an increased level of control of the target (examples given in Module 11 Biodiversity e.g. hoverfly control of aphids enhanced by presence of Phacelia flowers for pollen/nectar source).

