Non-Chemical Disease Control
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Why use Non-Chemical Methods

· To meet organic certification standards

A premium can often be obtained for organic or integrated pest/disease management grown produce

· Avoid cost of brought in products

In some crops, the disease spray programme can be a significant cost

· Avoid resistance build up

There is often the potential for diseases to acquire resistance to chemicals

· Consumer Health

Increasing international concern and often evidence over a wider range of agri-chemicals

· Grower Health

Perhaps the people most directly affected by the agri-chemicals

· Environmental Health

Concern over residues in the environment harming organisms.

· Effect on Predators and Parasites

Many chemical sprays including some of the organically allowable ones are known to reduce the levels of natural predators and parasites of crop pests

· Effect on Crop Plant

Some chemical sprays again including organically allowable ones can reduce plant photosynthesis or be directly toxic to plants

· Desire for more ecological or systems based approach

For a variety of reasons the grower may wish to adopt a practice that works with natural processes perhaps involving a deeper understanding or scientific approach – e.g. treating the causes rather than the symptoms

Farm Design

The ideal farm has no significant problem with diseases and pests.  These are prevented or controlled by natural mechanisms ranging from plant resistance through to biodiversity and careful planning.  Where the system has imperfections (i.e. a real farm), intervention may be required.  This should be done with as much regard to the real causes of the problem (e.g. plant nutritional) as possible and where practicable, the system should be improved to prevent a recurrence.

We will look at some examples of control measures under the categories of ‘Preventative” and “Direct” and then we will look at a few important plant diseases.

Preventative Methods

Diversity

Growing a single crop in an unbroken paddock one season after another is inviting disease issues.  Diversity can be achieved over time or over an area as described below.

Diversity in Time (Rotation)

A planned rotation can include a crop is followed by crops not susceptible to common diseases of the former crops.  Where a bad disease problem is encountered, susceptible crops may need to be avoided in that area for several years (especially in the case of soil-borne pathogens but also many others).  As described in the section on Sclerotinia, rotations in vegetable growing should pay particular attention to this disease as it can decimate crops of many species.

Diversity over an area (e.g. Polycultures)

There are different levels of diversity of crops that can be introduced.  Perhaps the simplest is to grow a variety of cultivars of a crop species.  Some cultivars will be less susceptible to at least some races of diseases and this will increase the resilience of the farm to the disease (at least the whole crop won’t be severely affected and the disease spread will be slowed).

Growing a variety of crops over the farm also aids resilience, it allows a rotation and reduces the scale and speed of epidemics.  A step further is to grow a variety of crops within the one field - either in separate strips or even mixed together if crop tending and harvesting is still practical.

Soil Structure

We want a well-drained soil (though still with sufficient moisture for healthy plants) to avoid plant stress and soilborne diseases.  

Crop Nutrition

We want a well fed plant that is not suffering from actual deficiency diseases or simply from poor growth.  A faster crop cycle gives less time for disease to establish.  The nutrition should be as balanced as possible avoiding excess levels of nitrogen and phosphorus uptake which can cause physically softer plant cell structures and defences as well as giving rise to high levels of nitrates and phosphates (and other highly available nitrogen and phosphorus forms) which are easy feed for pathogens (and insect pests).

Crop Hygiene

Old crop residues (or diseased plants/plant parts) should be dealt with as soon as possible either by good soil biological activity and conditions promoting fast decomposition or by physical incorporation (e.g. digging in/incorporating mechanically) or by removal (this may be required if there is a high level of a problem disease or te disease is very persistent.  

In protected growing e.g. tunnelhouses, hygiene is particularly important as there can be greater survival of a disease and more conducive conditions for diseases present to become problems.

Dealing with diseased material might require burial or burning as is the case with many wood-infecting diseases.  Hot composting if conducted well is sufficient for controlling many disease problems but the process needs to be efficient and well mixed to be confident of adequate or complete control.  With some diseases, it is sufficnet for the crop to be incorporated into the soil e.g. powdery and downy mildews and many rust species.

Resistant Varieties

Resistant varieties can avoid problems.  A broad resistance often means that there will be some disease but of less significance.  A narrow or gene for gene resistance e.g. wheat resistant to stripe rust may be almost complete resistance but with a higher risk of resistance being overcome by new races of rust.  Market realities will often determine whether resistant varieties are used (no use growing a variety is it doesn’t have marketable value).

Attention to Airflow

Just as drainage is important below ground, airflow is important above the ground.  If airflow is restricted, humidity can build up and this favours the vast majority of diseases.  Plants can also be weakened by the related effect of shading.  On a farm scale, shelter design should be appropriate.  On an orchard level, good pruning management is required (and understorey height controlled) and on a vegetable crop level, attention should be paid to crop density and surrounding weed presence.

Direct Methods

Observation

Keeping on top of crop issues by identifying potential issues before they become problems.  Control is always easier if measures begin earlier in the disease epidemic.  We should be familiar with the range of diseases that can affect our crops.  Correct identification enhances the likelihood of selecting the right control measures.

Disease Prediction

Climate based prediction e.g. disease intervention following periods of wet weather where the temperature is sufficiently warm for the disease problem.  In some cases there are well-defined conditions to watch out for e.g. Mills period for apple blackspot.

Biological Control

This can include the use of beneficial or benign microorganisms applied to a plant or soil to reduce disease levels or the likelihood of diseases establishing.  In a broader sense it can include the stimulation of resident microbial activity to achieve the same end.  The mechanism can be occupying sites or utilising nutrients that pathogens would otherwise use to begin infection of a host or it can be a more direct effect such as the production of anti-microbial compounds or actual parasitism or predation of the disease organism.

A commonly available and very effective organism is Trichoderma with several species being commercially available as biological control agents.  They can outcompete, antagonise with antimicrobials and in some cases hyper-parasitise many fungal diseases on the plant, inside wood and in the soil.  A variety of other organisms are either commercialised or have shown at least some promise in trials.

Trapping

There are not many examples of being able to avoid diseases by trapping but some disease levels can be reduced more or less effectively by this method.  An effective understorey at the base of apple trees can be highly effective at trapping apple blackspot ascospores shooting up in spring from leaf litter (where the fungus overwinters).

Chemical

Not exactly what the workshop is about but chemical control might be resorted to until a system is well enough designed and resilient to disease attack or be used to rescue a crop that would otherwise be severely depleted or not saleable.  In an organically certified situation, there are allowable sprays such as lime sulphur and copper sprays which are restricted and for a variety of reasons are to be used sparingly but are quite effective in controlling disease problems.  

Thermal

Using heat to kill diseases has been tried with some success.  Solarisation is an established method which involves covering the soil with plastic to intensify natural heat from the sun and raise soil temperatures.  In hot Canterbury summer conditions this can be sufficient to kill many soil pathogens and weed seeds.  Theoretically it is more effective on most pathogens than it is on many beneficial organisms and also beneficial organisms are generally more able to recover and propagate faster than the pathogens when the covers are removed (some soil pathogens e.g. Rhizoctonia and Pythium - both causal agents of damping off and some root diseases – are, however, fast to propagate).

Steam and flame sterilisation techniques might be effective in dealing with some crop residues but this is not well established and would be risky to rely on.

Plant Extracts

Simple water extracts of giant knotweed (Reynoutria sachilinensis) and dock have been shown to be effective on powdery mildew and in the case of knotweed on other diseases including botrytis.  They have been shown to work at least in part through stimulation of the crop plant’s immune system.

Fermented Plant Extracts

In Korea and Thailand there has been successful work in fermenting plant extracts (in water with molasses) to make a biofertiliser.  At the BHU this was also tried and a further treatment of fermentation with molasses and the microbial inoculant Effective Microorganisms).  The EM fermentation of all plant extracts but especially of giant knotweed yielded significant control of root and stem rot of zucchini plants.  This techniques will be investigated further.

Biofertilisers

A range of biofertilisers including microbial inoculants, seaweed extracts etc have claims of reducing plant disease levels and in some cases there seems to be basis for these claims.  Results may be variable and more research is desireable to help optiomise the use of these products for disease control.  They may work through inducing the plants immune system to resist disease, through enhancing the plant s usage of free nitrogen and phosphorus within plant tissue (removing some of the “easy” food for pathogens), encourage beneficial microorganisms (which biologically control diseases) or simply produce a more robust plant.

Sclerotinia

One of the most important cropping diseases to plan against is Sclerotinia sclerotiorum.  This fungus affects most non-woody commercial crops sometimes to devastating effect, often killing whole plants by attacking the crown and stems.  It perpetuates in the soil with resting bodies called sclerotia.  Under the right conditions, the fungus grows out of the sclerotia to infect new plant material.  In some cases the sclerotia can form a trumpet shaped spore forming body (the sexual stage) and produce spores which can spread the fungus further by air.

Cropping rotations should be designed to include a break from susceptible plants; 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.
Having the soil in good condition can help prevent or reduce the level of a Sclerotinia attack.  Soil should be well drained and have high soil biological activity (e.g. good organic matter levels and good calcium and pH levels).

Good soil biological activity will reduce the survival of sclerotia in the soil as many fungi are capable of parasitising or decomposing the resting bodies.  Some of these fungi have been trialled as biological control agents (including Trichoderma in Lincoln University research).  Beneficial microorganisms can also outcompete Sclerotinia reducing it’s infection of crop plants.

A higher soil pH will generally lower the level of risk from Sclerotinia but disease can still occur at reasonable high soil pH levels.  Several factors should be taken into account when deciding on a target soil pH level – in the absence of livestock, a pH as high as 6.6 or 6.8 may be okay for vegetables but if cropping is mixed with pasture for livestock, a pH of 6.0 to 6.4 is more desirable (higher uptake and availability of metal trace elements important for animal performance).

Hygiene is important with this disease – infected material should where possible be removed to avoid disease build up and the formation of the hardened sclerotia.  

As with all potential diseases, attention should be paid to good crop nutrition.  There should not be too high a nitrogen availability - in an organic situation this means avoidance of applying blood and bone, fishmeal and animal manure in excessive amounts especially if not composted with less nitrogenous materials.

Apple Blackspot

Blackspot is an economically serious fungal disease of most apple varieties, infecting the surface of fruit and leaves.  It’s main effect is cosmetic but affects saleability and price achieved.  It can also affect storage ability and on some occasions causes cracking that allows in other fruit rotting pathogens in.  Serious infections can result in young fruit dropping (stem infections), misshapen and  and loss of effective leaf surface area for photosynthesis.

Life Cycle

The fungus overwinters mostly in the fallen leaves.  It is there that the sexual phase occurs and in the spring ascospores are forcibly discharged into the air with some landing on suitable plant surfaces (mostly leaves, petals and buds).  Ascospores require a certain length of time (dependent on temperature but usually at least 12 hours and often as long as 20 hours) of moisture to germinate and infect the plant tissue so infection events occur during and straight after rainfall events and are aided by warmer temperatures.  Most of the ascospores are released in early November though there is some variation. 

The ascopores are the cause of primary infections.  Once the fungus penetrates the plant surface and forms mycellium under the cuticle of leaves, fruit or petals it can within one or two weeks produce conidia (asexual spores) and rupture the cuticle.  Conidia remain firmly attached until wetted by rain after which they can spread along the surface or onto other surfaces by wind, splashing, dripping or brushing.  Conidia cause additional infections in the same manner as ascospores cause primary infection.

Control

Effective control can be achieved through the use of lime sulphur and combinations of spraying with slaked lime etc.  These are most efficiently employed when used in conjunction with monitoring of rainfall and temperature conditions (monitoring available commercially).  It is of special importance to begin a spray programme early enough in spring to catch the primary infection.

There is concern, however, over sprays such as lime sulphur negatively affecting biological control agents including those controlling mites and caterpillars. 

There has been limited success so far with resistant cultivars.  Some cultivars are highly resistant to blackspot but many have poor storage characteristics (may not be a problem for e.g. direct sales) or other issues that prevent commercial viability.  Breeding programmes are still in progress.

An important feature of organic control of blackspot is to reduce the overwintering success of the fungus and therefore the level of primary infection.  Methods used include using orchard understorey species to provide a conducive environment for leaf litter decay and as a foliage trap to prevent ascopores reaching the apple trees.  Some orchardists use sheep grazing to reduce leaf litter levels (if this is done earlier rather than in mid to late winter, there may be a chance for an understorey to recover in time to provide an effective canopy for trapping spores.   Various means of speeding up decomposition may be effective in reducing the infection potential also e.g. biofertilisers.

There has also been some use of biofertilisers in the reduction of apple susceptibility to blackspot perhaps through stimulation of natural immune systems of the apple or through lowering the tissue levels of free nitrogen and soluble sugars – but this needs further research, confirmation and optimisation.
Soilborne Diseases

Soilborne pathogens include some that rot seed and a number of species that cause damping off and wirestem of seedlings as well as the root rotting fungi.

One of the main factor increasing soilborne diseases is high soil moisture (e.g. poor drainage).  Wet soils promote the spread and propagation of soilborne diseases.  Poor aeration in wet soils can also stress plant roots increasing their susceptibility to disease.  Special attention should be paid to good drainage and aeration in potting media and seed beds and efficient drainage in potentially problematic orchard areas.

There can also be a pH effect.  Most fungi prefer acid soils with for example club root of brassicas being more prevalent in low pH conditions.  Most bacteria prefer high pH conditions and an example of this is potato scab, which is a superficial disease caused by an actinomycete (thread forming bacteria) and is not usually a problem if soil pH is below 5.8.

Generally good soil biological activity will reduce the likelihood of soilborne diseases becoming out of balance.  Plant condition is also important with many soilborne microorganisms only becoming pathogens when presented with low vigour susceptible plant roots.

Some fungi form special beneficial relationships with plant roots called mycorrhiza.  These are promoted by good soil structure, good soil biological activity, balanced soil fertility (not too high an available phosphorus level) and good calcium availability.  Mycorrhiza can be very effective in reducing plant disease by physical protection, competition for sites and general improvement in plant vigour.

Foliar Diseases
There are many types of foliar disease caused by fungi and bacteria.  A few of these will be briefly discussed here.

Most foliar diseases will be promoted by warm moist conditions though there are some exceptions, most notably downy mildew (favoured cool wet conditions) and powdery mildew (accelerating in warm dry conditions).  Knowing the conditions that favour foliar diseases aids early control of problems.

Moisture is necessary for the germination of fungal spores and for the spread of most foliar infecting bacteria.  Wet plant surfaces can be avoided to some extent.  Watering is often best in the morning rather than the evening so there is a shorter period of moist plant surface.  Airflow should be encouraged to some extent (e.g. avoid overly dense plantings, control weed problems, prune where relevant and have good shelter design that does not completely cut off effective airflow).

Other methods of control include promoting good balanced plant nutrition and the use of extracts as described elsewhere.

Rust are common fungal foliar pathogens that are usually very specific e.g. a rust from one species is unlikely to infect a plant of a different family (though there are exceptions in some rusts that alternate from one plant in the summer and another family plant in the winter e.g. wheat and barberry) or even a different species.  This makes rotation for disease avoidance easier and also removes some of the issues in dealing with diseased crop residues.  Rust is promoted by warm, moist conditions, high nitrogen and phosphorus availability in plant tissue and lush plant growth.  Broad and narrow resistant cultivars are often available.  They require live material to live on and usually have a limited life surviving apart from their host.

Powdery mildew fungi like rust fungi only infect living tissue.  Many are also host specific although generally to less of an extent than the rusts.  So one form of powdery mildew is able to infect most members of the cucumber family but cucumber powdery mildew will not infect members of other families.  There is often a degree of broad resistance present in some crop cultivars.  Powdery mildew grows primarily on the outside of leaf surfaces and it is for this reason that the disease is impeded by moisture on plant leaves.

Botrytis

Botrytis fungi must infect dead tissue before moving into live tissue.  They propagate mostly by asexual spores, which are present on top of the mousey brown to silver coloured “fuzz” of hyphae on infected plant parts.  Botrytis cinerea can cause disease on a wide variety of crops with some common examples being the fruit of strawberries and grapes, and the pods and stems of beans.  Onion neck rot and onion white rot are also significant diseases of this important crop.  These onion diseases can be carried over into the next crop in onion seed.

In some cases the dead tissue that allows entry can be old flower petals and in other cases entry is possible following physical damage to the plant surface. 

One method if control is to occupy the “sites” present on dead tissue with non-disease causing microrganisms.  This is often one of the easier diseases to control with this type of biological control.

There can also be success in the use of biofertilisers and plant extracts e.g. giant knotweed, probably at least partly through a stimulation of the plants immune system.

Care should be taken in a crop to not physically damage the plant tissue.  For example cultivation should be undertaken in onions.

Botrytis easily becomes a problem in a humid greenhouse environment.  Greenhouse humidity can be lowered by adequate ventilation and if heating is present, this can be used in the evening in conjunction with ventilation to reduce humidity extremely effectively.  Greenhouse hygiene is important – botrytis will proliferate on infected dead material, increasing the disease pressure.
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