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1. What is EM?

Effective Microorganisms (EM) are a mixed culture of fermentative, soil-based, beneficial microorganisms that can be applied to many environments to improve the health and vitality of water, soil, plants and animals.  EM is the fundamental mother culture of new products developed and produced within Australia for microbial balancing in soils and water.
Microorganisms were the first life on Earth. It was the co-evolution of plants with microbes that established the basis of human life on the land as we know it today.  This symbiotic relationship of microbes with the soil minerals, other microbes in the soil food web and plants, drives the flow of sunlight energy in plant photosynthesis to microbes (as exudates of sugars), back to the plant as nutrients and on to animals and humans as sustenance.

EM is a living entity containing active anaerobic and aerobic microbes. The most prominent organisms are photosynthetic bacteria, lactic acid bacteria and yeast.  

The EM solutions are available in different product ranges to suit different environments and are completely different to chemical fertilisers.  The most important aspect of EM is that it enhances microbes in the soil, water and animals thereby developing and sustaining conditions that are beneficial for life. 

Soil life is the basis of fertility, plant and animal health.  Soil and water health is dependent on the abundance and diversity of microorganisms. It is these conditions that produce natural biological controls of harmful microbes (eg. suppressing disease).  This is why high crop yields are directly linked to high microbial abundance and diversity.

Hence, the basic principle behind the application of beneficial microorganisms is that it increases the abundance and diversity of soil life that supports soil fertility, plant nutrition animal and human health.

2. EM Culture

The principal microorganisms in EM are:

Photosynthetic Bacteria

The photosynthetic or phototropic bacteria are a group of independent, self-supporting microbes. These bacteria synthesise useful substances from secretions of roots, organic matter and/or harmful gases (eg. hydrogen sulphide), by using sunlight and the heat of soil as sources of energy. Useful substances developed by these microbes include amino acids, nucleic acids, bio-active substances and sugars, all of which promote plant growth and development. The metabolites (the breakdown and build-up of compounds in metabolism, eg. enzymes, growth regulators, hormones, etc.) developed by these microorganisms are absorbed directly into plants and act as substrates for increasing beneficial populations.

Lactic acid bacteria

Lactic acid bacteria produce lactic acid from sugars and other carbohydrates, developed by photosynthetic bacteria and yeast. Therefore, some foods and drinks such as yogurt and pickles have been made with lactic acid bacteria for decades. However, lactic acid is a strong sterilising compound, and suppresses harmful microorganisms and enhances decomposition of organic matter. Moreover, lactic acid bacteria promote the decomposition of material such as lignin and cellulose and ferment these materials, thereby removing undesirable effects of undecomposed organic matter.

Yeast 
Yeasts synthesise anti-microbial and other useful substances required for plant growth from amino acids and sugars secreted by photosynthetic bacteria, organic matter and plant roots. The bioactive substances such as hormones and enzymes produced by yeasts promote active cell and root division. These secretions are also useful substrates for effective microbes such as lactic acid bacteria and actinomycetes.

EM also comprises fermentative fungi and actinomycetes.

3. Why are Microbial Formulations Necessary

Nutrient recycling within natural vegetation inevitably involves losses, however continuous nutrient harvesting in agriculture (eg. as carbon and nutrients in food and fibre) compounds such losses.  The sustainability of vegetative systems therefore depends on obtaining new or replacement nutrients.  Mineral fertilisers are usually applied in agriculture, but in natural systems the new or replacement nutrients arise through microorganisms extracting nutrients from the atmosphere and the mineral component of soils.  Biological farming addresses the interaction between microorganisms and plants in the provision of new nutrients from soil minerals compared with chemical farming that attempts to directly replace lost nutrients rather than develop the biological health of soils.

Plants by themselves are unable to extract all essential nutrients from minerals, and in natural systems the nutrients are largely obtained via symbiotic relationships with microorganisms.  Microorganisms extract nutrients from the mineral soil and provide them in the form and relative abundance appropriate for plants.  They also recycle nutrients in organic matter, and by developing organic matter resistant to breakdown help prevent the loss of nutrients through leaching and volatilisation.  

Current chemical farming systems seek to eliminate the need for microorganisms by providing nutrients in an elemental form readily available to plants.  This reduces the provision of benefits provided by microbes additional to the provision of nutrients, such as the protection of plants from pathogens and the development of soil organic matter that improves soil aeration and the retention of water and nutrients.  It also likely reduces the provision of micronutrients.

The application of mineral fertilisers does not provide all essential nutrients and some of the applied elements, such as phosphorus, can become unavailable to plants by being bound.  Soil microorganisms are still needed to maintain a supply of essential elements to plants.  However, the microbial balance is greatly upset by soil disturbance and application of high concentrations of mineral fertiliser.  The soil microbiology is further suppressed by the application of herbicides and insecticides.  The current reliance on applying chemicals produces a cycle of increasing dependence on chemical applications.  

Application of fertilisers, herbicides and insecticides represents symptomatic treatment that in the long term must fail.  Symptomatic treatments provide immediate relief but cannot provide sustainable long-term solutions.  Moreover, their application locks users into a reliance on applying the symptomatic treatments.  Many become addicted to the short-term highs from immediate cash profits but the high decline over time as costs increase and returns decrease.  The highs can evolve into withdrawal and depression, particularly during droughts.   Management that involves increasing inputs to redress the impacts of prior inputs is not sustainable.

Farming practices that address symptoms as they arise are entrenched in current agricultural practices.  Indeed, most economic models promote the limiting factors, as profitability is usually greatest when only the most limiting factors are addressed.   However, this piecemeal approach does not address long term system performance.  For example, super phosphate applied to redress nutrient deficiency adds salt to the soil and produces acidity that reduces nutrient availability.  The acidity is addressed by applying lime, yet most of this calcium is lost from plant availability.  In the meantime, the associated loss of soil organic matter and microbial activity produce compacted soils.  This reduces water availability to plants by increasing surface runoff and it promotes the development of dryland salinity.  The solutions advocated for salinity address the symptom of saline groundwater rather than the cause that is soil degradation.  

The basic axioms are that prevention is better than cure and symptomatic treatments do not provide a cure.  For agriculture it is generally too late for prevention hence a cure can only be obtained by addressing the cause.  It is time to go back to the grass roots and provide plants with an appropriate biological, physical and chemical soil environment.

This systems or whole of life approach to agriculture does not necessarily preclude the need for application of minerals (eg. as rock dust).  In Australia, many soils are derived from old, nutrient deficient rocks and the lack of massive erosion associated with recent glaciations has resulted in a deep mantle of weathered material.  There is often a need to supplement limiting elements.  However, to be sustainable the applications must develop the functionality of the soil by building its biological populations rather than attempting to directly redress a plant imbalance.

The use of microbes will bring major benefits and cost savings to users:

· Microbial formulations are designed to significantly improve soil health, including soil structure and water holding capacity (up 2-4 fold).

· Significant increase in soil nitrogen and carbon sequestration (freely available in the atmosphere and does not have to be bought)

· Increased solubilisation (eg. of P), mineralisation and humification 

· Increase in plant health, yield and nutrition.

· Soil and plant disease suppression (bio-control).

· Reduced odours from organic wastes

· Increased water quality in dams and ponds

· Healthier animals.  

4. Microbe Applications 

· Agriculture as a soil conditioner (liquid fertiliser).

· Animals as a probiotic for good health.

· Water purification to reduce algae and harmful bacteria in water.

· Waste management to reduce odours (eg. piggeries)

· Domestic and industrial cleaning to exclude and eliminate harmful bacteria.

5. Microbe Applications as a Liquid Spray

· Irrigation injection

· Plant fertilisation and plant protection (foliar) 

· Soil conditioner and fertiliser 

· Livestock probiotic in water and feed

· Waste treatment for manures and odour control in animal housing 

· Water quality in dams, ponds, lagoons and chains of ponds

· Compost and vermicast integration and enhancement 

When applied in agriculture, microbial formulations increase the microbial diversity of soil, enhancing growth, yield, quality and disease-resistance of crops.  Microbe cultures do not contain any genetically modified microorganisms. Microbial formulations are made of mixed cultures of microbial species that occur naturally in environments worldwide but which have decreased in many soils due to over-farming (carbon and microbe loss and soil structure decline) and chemical fertiliser and pesticide use.

Also, microbial applications will be less costly than chemical fertiliser applications per hectare.  

6. Soil, Water and Plants  

Microbes can be used to inoculate plants, water and soil in various ways to achieve beneficial results. It can be sprayed on soil as a pre-planting treatment, used to inoculate seeds or transplants, and applied to growing crops as a foliar spray or through irrigation systems. Microbes are useful in growing nursery crops, container-grown plants, and even in hydroponics. After crops are harvested, microbes are used to help break down crop residues. Microbes can be applied to cover crops and green manures during growth and upon incorporation into the soil, and is applied to pastures with good results.

General Directions

T2M Distributors are trained to advise on the type and mix of microbes for each client.  This will vary between enterprises, eg. horticulture, viticulture, cropping, grazing, etc. For most crop applications, microbe culture products are applied at 1:10 parts water for most applications and 1:100 for special applications (eg. ponds, irrigation waters, etc.). Do not apply with pesticides or fungicides. It is best to start on a small scale and experiment with microbes to determine the best methods and ratios for specific locations. 

Between two and three weeks before planting, apply a 1:10 dilution of microbes to the soil. Apply as a spray or introduce into irrigation water. 

The quality of water used with the microbe concentrate is critical to success. It is advised to use good quality water that is clean and not contaminated with chemicals (eg. fluoride, and chloride).  Rainwater or good quality bore water is best.  Poorer quality water should be treated with a water conditioner.  A T2M Distributor can advise on this matter.

Supplementation of Liquid EM Sprays

Microbial liquid fertilisers can be supplemented with minerals or new wild populations of microbes in the liquid mix prior to spraying.   The forms of supplementation include:

· Compost teas

· Liquid sea minerals (either as a seawater brine, seaweed or fish emulsions)

· Liquid fluvic and humic acids

· Vermicast liquid

· Special liquid fertilisers (usually activated EM (WATER) with molasses at a rate of 1:1: 20 water) fermented with rock dusts, microbial active soil, clays, manures, bio-active ceramics, compost and added nutrients (eg. boron, copper, etc.)
Timing of EM Application

The timing of microbial applications is driven by three prime factors:

· Phasic development of the plant (ie. seed development to fruit ripeness)

· Climatic conditions (ie. cold to warm soils that influence biological activity)

· Negative effects of UV light on microbes

It is best to apply microbes during cloud cover or at night when UV light intensity is low, and particularly when the soil is moist and warm.  Also, microbial application is most beneficial at the pre-seeding or early stages of plant development.

Addition of Organic Matter to Soils

Most agricultural soils will be depleted of organic matter. In many cases the %volume of organic matter will be below 1% when 3-5% is necessary to sustain microbial activity at an abundant and diverse level.  Farmers can build this food source for microorganisms (their lunch box) in the following ways:

· Avoid carbon losses through maintaining grass cover by not overgrazing or ploughing

· Use minimal till practices

· Sustain perennial native grass cover and inter-crop

· Apply new carbon through spreading compost or other additives eg. activated carbon, manures, straw, etc.

· Use T2M liquid fertilisers (eg, T2M BioBase) that are specially designed to sequestrate carbon as CO2 (along with nitrogen) from the atmosphere.

EM Benefits to Plants and Soil

· Promotes the germination, growth, flowering, fruiting and ripening in crop plants 

· Enhances the photosynthesis capacity of plants

· Increases the fermentation of organic matter (OM) efficacy of OM as a fertiliser 

· Develops resistance of plants to pests and diseases (immunity)

· Improves the physical, chemical and biological environment of the soil

· Suppresses soil borne pathogens and pests

Seed Treatment

Increased seed viability can be achieved by soaking seeds in a solution of microbes (1:10) before planting. 

Nursery and Container-grown Plants

Inoculate with microbes at seeding and transplant stages, then on a monthly basis thereafter. Use the standard dilution of 1:10. Native plant and orchid growers have achieved good results by inoculating with microbes immediately after planting in a potting media.

Hydroponics

In hydroponic crop production systems, microbes can be diluted with the nutrient solution at a rate of 1:100. This practice will coat the root systems with beneficial microorganisms and make nutrient uptake more efficient.

Grain Crops, Vegetables, Fruits & Herbs

Spray the standard dilution of 1:10 onto the plants. If introducing microbes into an irrigation system, the dilution should be increased to 1:500. Apply as a pre-planting treatment, again at planting/transplanting and every three to four weeks during crop growth. Apply also to crop residues after harvest, just before incorporating residues into the soil. 

Orchard Crops / Perennials

For orchard crops, such as apples and cherries apply microbes immediately after harvest, along with other amendments. Spray plants and soil at the standard rate of 1:10.  Resume applications periodically until the fruit is fully formed and stop microbial treatments before ripening begins.

EM Improves Animal Health

Spray drinking water or food at a rate of 1:100 parts water. The anti-oxidative ability of microbes is highly beneficial to animal health. Consequently, animal manures are inoculated with beneficial microbes for the soil.

Fish Tanks and Ponds

To reduce ammonia in fish tanks and ponds, and promote beneficial bacteria in the water, add 1 part microbes to 100 parts water once a week, or as necessary.

Livestock and Farm Animals

To improve microflora in the intestines and make nutrient absorption more efficient, try the following applications.

· Mix Bokashi (organic matter such as rice and wheat bran fermented with microbes into livestock feed (1-5% of feed) or sprinkle Bokashi on top of feed daily.

· Mix microbes into animal’s drinking water at a ratio of 1:100 to 1:50

· Spray the microbial dilution in sheds and pens to control flies and odours at a ratio of 1:10.

Foul odours are present in sheds and livestock pens due to the proliferation of harmful, putrefactive microorganisms. These bacteria produce harmful toxins such as ammonia, hydrogen sulfide and methane. Microbes control the proliferation of harmful microorganisms by competitive exclusion and the animal’s quarters will be drastically improved.

Water Pond Treatment

To treat sewer lines, livestock holding facilities, solid waste and food waste, apply at a ratio of 1:10 parts water and saturate then compost.  For septic systems, holding tanks, recreational vehicles and portable toilets, apply at 1:100

To control algae blooms apply at a ratio of 1:100 and spray over the pond or fountain once every 2-4 weeks beginning in the early spring. Apply microbes to water bodies as needed and if it is not possible to spray the solution, introduce microbes at several different sources in order to avoid shock to other pond life.  Results will vary depending on the source of inflow (including organic matter) and climatic factors.

Organic Waste Management

Microbes have a high capacity to convert organic wastes into useful and non-toxic products through the breakdown of organic compounds and build up of metabolites.  This includes all types of organic wastes, ranging from sewage to industrial toxic materials.

7. Home Uses - Cleaning with Microbes
Microbial concentrates are a very acidic solution that re-populates surfaces with beneficial microbes. The presence of these microbes discourages mould, fungus and harmful bacteria from taking root. EM helps to eliminate odours from pets, cigarette smoke, and odour-causing bacteria, as well.

A small squirt bottle filled with straight microbes is handy to keep by the kitchen sink.

It is convenient to add to water for washing vegetables, to pour down the garbage disposal to reduce odours, and to spray on sponges to keep it fresh and reduce harmful bacteria.

One teaspoon of microbes can be added per load as the washing machine fills with water. This is recommended for light coloured laundries since the microbes love fabric dyes, and dark coloured articles have a tendency to fade).  Detergent can be reduced to 1/3 the usual amount when microbes are used.  If possible, let the clothes pre-soak for 10-15 minutes before running through the cycle.

Add microbes to water and spray or wipe on tile, porcelain and Formicas. Let is stand on wood or plastic cutting boards to discourage salmonella and other harmful bacteria. Then rinse. This dilution must be used within 3 days.

8. Storage and Handling

Microbes should be stored out of direct sunlight and at room temperature. Do not refrigerate microbes. Use by the recommended expiration date. If in doubt, check the smell and pH. Good quality EM will have a sweet-and-sour smell and a pH below 3.7. If the pH rises to 3.8, use the remaining EM as soon as possible or within 30 days. Do not use EM if a foul or rotten odour is present.

Keep in mind that you are dealing with living organisms. Best results are realised when EM is supported with good soil management. Avoid bare soil and feed effective microorganisms with crop residues, cover crops, compost and other forms of organic matter.

9. Contact for Information

Further information on the application of microbes can be obtained from:

Rob Gourlay

Managing Director

R2M Pty Ltd
PO Box 132 Braidwood NSW 2622

02-4842 8182

PAGE  
6

