Soil Management and biology:

What lives in your soil?  Eco-Grow Soil Microbes!!

The soil ecosystem is tremendously varied – more so than many above- ground plant and animal food webs.
Each species has slightly different requirements. Aerobic microbes require oxygen. Anaerobes require the absence of oxygen. Some prefer either a high or a low pH, or high or low moisture. Many organisms can digest simple sugars, while only a few species have the enzymes to digest lignin, a major component of woody tissue. 

Microbes differ greatly in how they get energy. Most soil organisms are heterotrophs that get their energy and carbon from breaking down organic components. In contrast, the autotrophs use inorganic carbon (carbon dioxide). There are two groups of autotrophs. Phototrophs, such as plants and a few soil organisms, get their energy from light. Chemotrophs are small, but important, group of soil bacteria that get their energy from oxidizing inorganic compounds including ammonium, nitrite, and sulphur compounds. 

What do Soil Organisms do?

Healthy soil is a jungle of rapacious organisms devouring everything in sight (including each other), processing their prey or food through their innards, and then excreting it. The value of these creatures to growers lies in: 

· Cycling nutrients. 

· Enhancing soil structure, which improves water and air movement. 

· Controlling disease and enhancing plant growth. 

One of the important functions of the soil biological community is managing nutrients. Soil organisms continually transform nutrients among many organic and inorganic forms. Plants primarily need simple inorganic forms of each nutrient. Soil organisms create many of these plant-available nutrients and help store nutrients in the soil as organic compounds. 

Most crops grow best in crumbly soil that roots can easily grow through and that allows in water and air. Soil organisms play an important role in the formation of a good soil structure. 

Soil organisms have many methods for controlling disease-causing organisms. Protozoa, nematodes, insects and other predatory organisms help control the population levels of their prey and prevent any single species from becoming dominant. Some bacteria and fungi generate compounds that are toxic to other organisms and some organisms compete with harmful organisms for food or a location on a root. 

How do soil organisms and plants get on?

The lives of plants and soil organisms are closely intertwined. Some plant and microbe species have developed symbioses, or mutually beneficial relationships. Rhizobium and other bacteria can invade roots and get sugars from the plant, and in return, they fix atmospheric nitrogen into a form that plants can use. 

Another group of friendly root-invaders are the mycorrhizal fungi. Mycorrhizal improve phosphorus nutrition by producing acids that convert phosphorus into plant-available forms and transport phosphorus back to the roots. 

Not all plant/microbe interactions are invasions. The rhizosphere (the narrow region surrounding each root) is rich in biological activity as bacteria and other microbes feed on the carbon compounds exuded by roots. Plants may exude compounds that attract certain species to the rhizosphere that protect the roots from disease-causing species. 

How ro encourage healthy soil biology:

Supply organic matter – most soil organisms rely on organic matter for food.
Maximise crop residue – crop residue is a convenient and valuable source of organic matter.
Apply compost or manure – compost inoculates the soil with a wide variety of organisms and provides them with a high quality food source.
Plant cover crops – cover crops extend the growing season and increase the amount of roots and above-ground growth that becomes part of soil.
Rotate crops – crop rotation puts a different food source into the soil each year. This encourages a wider variety of organisms and prevents the build-up of a single pest species.
Reduce tillage – tillage enhances bacteria growth in the short-term by aerating the soil and by thoroughly mixing the organic matter. A single tillage event is generally inconsequential to micro-organisms, but repeated tillage eventually reduces the amount of soil organic matter that fuels the soil food web.
Minimize compaction – compaction reduces the space available for larger organisms to move through the soil.
Minimize fallow periods – during long fallow periods, most arthropods will emigrate or die of starvation. Mycorrhizal fungi also ‘starve’ during a fallow period.
Minimize the use of pesticides – all pesticides will impact some non-target organisms. 

How can you benefit from better management of the soil biological community:

Reduced input costs. Less fertilizer may be needed if nutrient cycling becomes more efficient and less fertilizer is lost from the rooting zone. Fewer pesticides are needed where a diverse set of pest-control organisms are active. As soil structure improves, tillage becomes easier and potentially less costly. 

Pollution prevention. Soil organisms filter and detoxify chemicals and absorb the excess nutrients that would otherwise become pollutants when they reach groundwater or surface water. 

Improved yield and crop quality. Soil organisms are key to forming good soil structure or tilth. Good tilth promotes better root development and water storage. Many micro-organisms enhance crop growth or reduce the activity of disease organisms that can degrade

Benefits of using Eco-Grow:

Test results and grower reports indicate the following benefits 
after application of ECO-GROW:

· Cost effective so it is economic to use 

· Less storage space required 

· Easy to transport 

· Clean to handle and non-toxic 

· 100% organic ingredients and ecologically friendly 

· Accelerates growth of plants and yield 

· Natural smell so no unpleasant odours 

· Increases levels of micro-organisms within the soil 

· Increases aerobic and anaerobic respiration 

· Reduces weeds, saving manpower 

· Increases the fertility of the soil so crops need rotating less frequently 

· Ensures even distribution and growth of plants 

· Healthier, tastier and better-looking plants with strengthened colour 

· Reduces alkalinity of soil 

· Neutralise and balance pH of the soil 

· Provides Nitrogen and other trace elements, as plant needs it. 

· Makes phosphorus and potassium continuously available for crops and plants 

· Promotes the sprouting and rooting of seeds 

· Stimulates the fermentation and decomposition of green fertiliser and helps to 
speed the breakdown of organic matter and crop stubble 

· Builds and increases humic content 

And many more..

ECO-GROW was developed in 1995 and is the brainchild of paramedic Dragisa Markovic. Markovic's Australian-based company Alfa Group Pty Limited distributes ECO-GROW across 12 countries, and is involved in a number of housing developments and investments in less privileged countries. Twenty five percent of Markovic's company profits from Alfa Group Pty Limited's activities are donated to help improve living standards of thousands of people in Third World Countries.

ECO-GROW is sold to a number of governments of developing countries including Vietnam, Myanmar, Namibia, Zambia, India, Indonesia, Malaysia and Pakistan, to develop agricultural outputs among subsistence farmers. In a number of these countries ECO-GROW is offered in exchange for harvested crops that are then shipped by Markovic's company to ready markets in Asia.

ECO-GROW is also used extensively in Australia and France with a number of other countries currently being marketed to introduce this product of world leading technology.

In New Zealand:
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ECO-GROW New Zealand Limited, owned and operated by Ian Manson, is based in Christchurch and has the New Zealand rights to import and distribute ECO-GROW family of products. A network of independently-owned horticultural supply companies having representation from Kaitaia to Invercargill is currently being established as authorised stockists of ECO-GROW products. 

How does Eco-Grow work?

Recent international research findings show that chemicals kill valuable micro-organisms in your soil by unbalancing pH value of the soil. These microbes perform the vital function of maintaining nutrient properties of the soil. Most soils have been depleted of such microbes by constant application of chemicals.

ECO-GROW is a collection of friendly bacteria in a dormant state that are awakened and activated upon dilution and exposure to the sun in watertight containers.

The traditional application of chemicals saturates roots on application. However, roots need nutrients on an on-going basis. The power of ECO-GROW stems from the fact that microbes continuously absorb existing trace elements in the soil, water and air and convert them in the way nature intended, providing a constant source of trace elements in a form that can be readily absorbed by roots when needed.

In fact, this is how plants have obtained nutrients for centuries. The problem is that modern crop-building chemicals have depleted soils of these microbes.

The ECO-GROW microbes act as an important on-going link between the soil and the roots. Plants get energy to grow from sunlight, air, water and bacteria. ECO-GROW bacteria are symbiotic partners which function as essential agents, feeding on dying material and converting it back into basic substances, and influencing the movement of key elements some of which are Nitrogen, Phosphorus, Potassium, Sulphur, Iron and Carbon.

For example, ECO-GROW can decompose the organic matter to produce amino acid, organis acid, vitamin C, E and growth regulating elements that can be directly absorbed and used by the plant. It thus reinforces the crop's growth, flowering and fruiting. In one test field, heavy rain posed a risk of root rot. ECO-GROW has thickened periphral cells of the roots so that roots, which would be normally damaged, did not rot and the crop could grow normally. 

How do I apply Eco-Grow?

ECO-GROW makes it simple to replenish your soil and create an optimum growing environment: 

1. The first step is to activate the ECO-GROW culture. The concentrate is diluted with non-chlorinated water (1 litre of ECO-GROW to100 litres of water or calibrated), and exposed to the sun in watertight clear containers for between three and 21 days.
2. For maximum effect, the soil should be wet to avoid evaporation and heat shock. 
3. The formula is then sprayed gently on the foliage and as low as possible directly on seedlings or plants. Ensure the soil around the plants is also sprayed. 
4. For best results, seeds can be soaked in the ECO-GROW brewed solution for a short time prior to planting (minimum 10 minutes for small seeds and one hour for larger seeds eg. potatoes). When planting ECO-GROW treated seeds ensure an application as described in 3 above is carried out. 
5. Irrigate the plants as normal.
6. Following application, ECO-GROW will remain active in the soils for a period of four months, which is in most cases one growing season. 

What is in soil?
Soil is composed of four major components: minerals, organic matter, water and air. In general, the soil minerals provide physical support for the plants while the organic matter contains many of the nutrients essential for plant growth. Water and air are, of course, required by all living organisms including plants for growth. 

Minerals: Solid mineral particles (Sand, Silt and Clay) make up about 45% of the soil volume. The smallest particles are clays (<0.002mm) which forms a sticky mass when wet and hard clods when dry. Silt particles are intermediate in size (0.002-0.05mm) and have a powdery, silky texture when dry. The largest particles are sands (0.05-2 mm in diameter) which do not stick together and feel gritty when rubbed between the fingers. These inorganic minerals are the original source of most essential plant nutrients, though they are only very slowly released in forms that are available to plants. 

Organic matter: The smallest component of soil is the soil organic matter, making up only a few percent of the soil volume. It is composed of the partially decayed remains of plants and animals, the organic compounds produced by organisms during decay and the organisms themselves. The organic matter content of a typical well-drained agricultural soil usually does not exceed about 5% by volume. 

Water: usually makes up 20-30% of the soil volume and is an important carrier for many of the nutrients essential to plant growth. Still, only a portion of this water is available to plants and this appears to depend most on the amount of water and the size of the pores where it resides. The remainder of the pores are filled with soil air; a mixture of gases similar to that of our atmosphere, though usually containing more carbon dioxide and water vapour and less oxygen. 

Life in Soil
Soils harbour a diverse community of living organisms, both animals and plants. These range from burrowing rodents and large tree roots to earthworms and insects down to the tiniest bacteria. 

The number and weight of these organisms can vary tremendously, depending on the conditions. A single gram of soil can contain up to several billion bacteria and more than a kilometre of fungal strands. In most cases, microorganisms make up 90-95% of the total weight of organisms in soils. 

What do these living things do?
Decomposition: Their activities include the physical breakdown of plant litter (leaves, twigs, roots) by insects and earthworms and the chemical breakdown (decomposition) of these materials by microorganisms. 

Create structure: They may also change the physical structure of soils by creating large pores that are capable of transporting water down into the soil. Others produce compounds that stick mineral particles together, changing the pore structure and making it easier for plant roots to penetrate. 

Release nutrients: One result of the decay process is the release of essential plant nutrients, such as nitrogen, phosphorus, and sulphur, from their organic forms in litter to mineral forms available to growing plants. Still other microorganisms are able to capture nutrients from the atmosphere or degrade the potentially harmful compounds produced by both plants and animals. 

All of these factors have a profound influence on plant growth. 

Benefits of earthworms

By their activity in the soil, earthworms offer many benefits: increased nutrient availability, better drainage, and a more stable soil structure, all of which help improve farm productivity. 

· Improved nutrient availability 

Worms feed on plant debris (dead roots, leaves, grasses, manure) and soil. Their digestive system concentrates the organic and mineral constituents in the food they eat, so their casts are richer in available nutrients than the soil around them. Nitrogen in the casts is readily available to plants. Worm bodies decompose rapidly, further contributing to the nitrogen content of soil.

New Zealand research shows that worm casts release four times more phosphorus than does surface soil. Worms often leave their nutrient-rich casts in their tunnels, providing a favourable environment for plant root growth. The tunnels also allow roots to penetrate deeper into the soil, where they can reach extra moisture and nutrients. Earthworm tunnelling can help incorporate surface applied lime and fertiliser into the soil. 

· Improved drainage 

The extensive channelling and burrowing by earthworms loosens and aerates the soil and improves soil drainage. Soils with earthworms drain up to 10 times faster than soils without earthworms. In zero-till soils, where worm populations are high, water infiltration can be up to 6 times greater than in cultivated soils. Earthworm tunnels also act, under the influence of rain, irrigation and gravity, as passageways for lime and other material. 

· Improved soil structure 

Earthworm casts cement soil particles together in water-stable aggregates. These are able to store moisture without dispersing. Research has shown that earthworms which leave their casts on the soil surface rebuild topsoil. In favourable conditions they can bring up about 50 t/ha annually, enough to form a layer 5 mm deep. One trial found worms built an 18-cm thick topsoil in 30 years. 

· Improved productivity 

Research into earthworms in New Zealand and Tasmania found earthworms introduced to worm-free perennial pastures produced an initial increase of 70–80% in pasture growth, with a long-term 25% increase: this raised stock carrying capacity. Researchers also found that the most productive pastures in the worm trials had up to 7 million worms per hectare, weighing 2.4 tonnes. There was a close correlation between pasture productivity and total worm weight, with some 170 kg of worms for every tonne of annual dry matter production.

How to encourage earthworms

Because earthworms do not like soil that is too acid, alkaline, dry, wet, hot or cold, their presence is a good indicator of soil conditions suitable for plant growth. 

· Ensure soil pH (CaCl2) is above 4.5 

Earthworms do not like acid soils with pH (CaCl2))* less than 4.5. The addition of lime raises pH and also adds calcium. Earthworms need a continuous supply of calcium, so are absent in soils low in this element. South Australian research found that earthworm numbers doubled when pH(CaCl2) rose from 4.1 to 6.7. 

* pH can be measured in water or calcium chloride (CaCl2). The CaC12 method is more accurate and gives values of about 0.5–0.8 lower than water pH. A pH(CaCl2) of 4.5 measures about 5.0–5.3 in water. 

· Increase organic matter 

Earthworms feed on soil and dead or decaying plant remains, including straw, leaf litter and dead roots. They are the principal agents in mixing dead surface litter with the soil, making the litter more accessible to decomposition by soil microorganisms. Animal dung is also an attractive food for many species of earthworms. The following farming practices provide food for earthworms. 

· Permanent pasture: Permanent pasture provides organic matter as leaves and roots die and decay. Pasture slashings and manure from grazing animals are also good sources of organic matter in pasture. 

· Green manure crops: Green manure crops are fodder crops turned into the soil to provide organic matter to benefit the following crop. The crops are grazed or slashed, sometimes pulverised, and then left on the surface or turned into the soil. 

· Crop stubble: Stubble is an important source of organic matter. Burning stubble destroys surface organic matter, and this affects worm numbers. It is best to leave stubble to rot down, and sow following crops into the stubble using aerial sowing, direct drill or (at least) minimum tillage. All these techniques mean less cultivation, and this also encourages earthworms. 

· Rotations: Rotating pasture with crops helps build up organic matter levels and earthworm numbers. 

· Reduce use of some fertilisers and fungicides 

Highly acidifying fertilisers such as ammonium sulfate and some fungicides reduce worm numbers. Researchers have found that orchards sprayed with bordeaux or other copper sprays contain few earthworms and have peaty surface mats and poor soil structure. 

· Keep soil moist 

Worms can lose 20% of their body weight each day in mucus and castings, so they need moisture to stay alive. Groundcover such as pasture or stubble reduces moisture evaporation. Decaying organic matter (humus) holds moisture in the soil. In dry times some species burrow deep into the soil and are inactive until rain 'reactivates' them. 

· Improve drainage 

Worms need reasonably aerated soil, so you may need to drain or mound soil in wetter areas to prevent waterlogging. 

· Reduce soil compaction 

It is difficult for earthworms to move through heavily compacted soil, so keep vehicle and animal traffic to a minimum in wet conditions. 

· Reduce cultivation 

Ploughing soil reduces earthworm numbers. Researchers have found that after four years, zero-tilled paddocks had twice as many worms as cultivated soils. However, shallow cultivation may not affect worm numbers. 

· Protect from climatic extremes 

Earthworms are intolerant of drought and frost, and do not like dry sandy soils. They are active only when the soil is moist, and are inactive when it is dry. Organic matter cover helps reduce the effect of climatic extremes, and retains soil moisture.

How to introduce earthworms

· Change management practices 

If you do not have many earthworms in your soil, introduce some of the practices described above. It is surprising how quickly they build up in favourable conditions. 

· Transplant pasture 

Cut pasture sods from areas with high worm populations and transfer them to worm-free areas. New colonies will establish within a couple of years as long as there is plenty of organic matter and soil and climatic conditions are favourable. It is important that you transplant pasture, not just worms. Do not try and transplant compost worms into agricultural soils. Species that thrive in compost will not survive the harsher conditions of paddock soils, which dry near the surface.

Glasshouse organics 

I grow tomatoes in a greenhouse and am wanting to convert to organic methods of cultivation. While I don't usually use sprays, I would like some alternatives to sterilising the soil. Do you have some suggestions? Many thanks, Lyn Mowles 
Grow mustard as a green manure crop outside, then cut it up and dig it into your soil as a soil cleanser. (Planting it outside enables you to continue using your greenhouse). Wait 3-4 weeks after digging it in before planting the next crop.

Supportive measures:

It is helpful to know what type of soil you have to begin with so the first step is to get your soil tested. Tomatoes require a soil pH of around 5.5 to 6.8. Organic compost of six months or more should be dug into the soil to improve quality and will add the necessary organisms to assist in fighting any diseases that have built up in the soil.

If you have clay soils then add peat moss or sand to improve the texture, or for sandy soil, use compost to assist in conditioning it. 

Good ventilation in the greenhouse is another essential ingredient in the prevention of diseases, as is cleaning the greenhouse of any fungal build-up.

A good mulch such as straw is great for providing a physical barrier between soil and plant to help protect from diseases, and to keep the soil moist and prevent weed buildup. It also keeps the roots cool.

If you are purchasing plants or seeds, ensure they are disease free. Some varieties of tomato are more disease resistant than others - ask your supplier.

Grow mustard as a green manure crop outside, then cut it up and dig it into your soil as a soil cleanser. (Planting it outside enables you to continue using your greenhouse). Wait 3-4 weeks after digging it in before planting the next crop.

Trees and shrubs for birds:

Start by planting the perimeter of the section with trees and shrubs that provide nectar and berry food for birds and butterflies. Fast-growing and attractive small native trees for this purpose include the wineberry (Aristotelia serrata), tree fuchsia (Fuchsia excorticata), mahoe (Melicytus ramiflorus), lemonwood and kohuhu (Pittosporum eugenoides and P. tenuifolium), kowhai (Sophora microphylla and S. tetraptera) and five-finger (Pseudopanax arboreus). Among the most suitable bigger, slower-growing trees are pigeonwood (Hedycarya arborea), miro (Podocarpus ferrugineus), kohekohe (Dysoxylum spectabile), rewarewa (Knightia excelsa) and puriri (Vitex lucens). Choice shrubs are native flax (Phormium spp), corokia (Corokia spp), kawakawa (Macropiper excelsum), and the different species of Hymenanthera.

Add to this selection some especially attractive exotic species, such as the strawberry tree (Arbutus unedo), Cotoneaster species, rowan (Sorbus aucuparia), shad bush (Amelanchier spp), and the wilder members of the Prunus tribe, such as cherry plums and bird cherries. For nectar it is hard to go past the Australian flora, particularly the Banksias, Melaleucas and Grevilleas. Also many Eucalyptus – especially the lovely 

E. leucoxylon ''Rosea'', which carries its rose-pink flowers in autumn and winter, when nectar-loving birds like bellbirds and tuis are short of such feed. A ''Rosea'' down the road from me was a veritable pub for bellbirds in season – it was a joy to hear them carousing. 

Seafriends - Soil ecology

	Soils, their living organisms, and the plant ecosystems rooted in them, have developed in close synchrony ever since plants evolved. Between them there exists a strange synergy, whose only purpose seems to be to sustain life to its maximum. Man's intervention, by cutting forests, seeding grassland and planting crops amounts to a major shock to this earthy world. Man's ignorance and unfriendliness towards the soil may lead to his own destruction. Knowing how the soil's ecosystem works, what it needs and how it likes to be treated, could save our soils for posterity.



  
	internal cycles
	
	The nature of an ecosystem is to recycle the most precious building blocks of life, its nutrients, energy and water. These ecosystems have evolved over eons of time, long before the dawn of man. The invisible ecosystem of the soil is what makes soil fertile.

	external cycles
	
	The only way that nutrients can be cycled externally, is through the atmosphere. The cycles of water and carbon are well known, but there are others, all very important to life on Earth.

	primary production
	
	Plants produce vegetable matter, but much of it is consumed by the invisible world in the soil, on which the plants depend. Primary production and the yield of crops depend on many invisible qualities.

	soil biota
	
	Without the living circus in the soil, plants would not be able to live so well. The world above and that below,  provide for each other. Here we'll meet some of the many strange life forms that make up a large part of the world's biodiversity.

	soil functioning
	
	Organisms ranging from a few times the size of a clay platelet to many thousands, find their places to live in the amazingly complicated micro structure of soil, where each contributes to its proper functioning. 


	Cycles
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Nutrient cycling is at the heart of any ecosystem. As this picture shows, it is a very sensitive process. The carbon dioxide in the air is taken up by plants to feed the farm animals. They use the energy for living, moving and growing. Their respired carbon dioxide re-enters the atmosphere, cycling back into the plants that feed the animals. The predator (man) eats the meat and uses its energy for living, moving and growing. His respiration also enters the pool of carbon in the atmosphere, ready to recycle to the plants.


But plants need nutrients before they can convert carbon dioxide into plant matter. Here is where the soil plays its major role. The animal's excrements that contain most of the nutrients, is recycled and made ready for the plants again. Some new nutrients arrive from below, where the soil weathers. The excrement of the predator follows the same path. 
Because a grazing farm animal uses only a small part of its food for growing (see soil/dependence), it has to eat 10-20 times its weight in order to double it. Thus the nutrient cycle is rather large, compared with the amount of live matter in the grazing stock. The organisms in the soil, which process this large amount of recyclable material, must thus form a large living body or work faster, or do both. 
Due to rain and poor farming practices, some of the nutrients are washed from the farm, ending up in the sea, where they cause plankton to bloom. The plankton feeds the fish and the nutrients become part of the cycles in the sea, but they won't return to the land. If only a small percentage of the nutrients is lost, like 10%, it could mean that the equivalent of one [image: image3.png]RECYCLING ON THE FARM
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or two animals is lost for each one raised. As one can see, the task of retaining nutrients, while reducing their losses, is not trivial. 

Let's follow what happens in the soil in more detail. When a grazing animal urinates, the soil where it lands, changes almost immediately, to start the conversion processes needed to turn urine into nitrate fertiliser. It is a three step process, in which first the urine is broken into ammonia fragments, then oxygenated to nitrite and nitrate. For each step a different microbe (bacterium) is required. The last step cannot be done before the one before it and so on. But something else happens as well - time delay. A sudden delivery is gradually spread out into a slow release of fertiliser, at the rate that plants can use. 

If an animal urinated pure nitrate (which animals can't do), the rather sudden delivery would be too fast for plants to absorb. The process of making plant matter from nutrients, water and carbon dioxide is a rather slow and lengthy one, requiring plenty of water and sunlight. In the meantime, the highly soluble nutrients would wash away. Instead, after delivery, the urine is first soaked up by the pores in the soil, swelling the slime that is left there by bacteria and slithering organisms. Then the first army of bacteria arrives, not because it lay there dormant or by marching to the spot, but because bacteria can multiply so quickly. They are the hard workers in any ecosystem. 

Because bacteria are so small, having no internal organs, but a primitive cell structure (prokaryote), they can reproduce faster than any of the cells with a more complicated structure (eukaryotes). And while not wasting any energy on moving or pumping body fluids around within themselves, they are capable of metabolising thousands of times more rapidly than higher organisms. That makes them the living chemical factories of the world, the most important organisms on Earth, without whom life on the planet could not exist. But they have needs too. 

In order to be able to live, bacteria need water and energy (like animals, they are heterotrophs). The soil must stay moist. A soil that dries up, kills or stunts its soil biota, an effect far worse than the loss of water that caused it. Bacteria need energy, lots of it because they work so fast. Living underground, sunlight is not an option. The energy must come from eating other organisms, or carbohydrates freely available in the soil. Often they live in associations of many diverse bacteria, each providing what the other needs. 

While converting urine to nitrates, the substance becomes part of a bacterium's body and is not easily washed out, until it has been processed and released for the next step. 

What happens to the more solid wastes, the dung, is far more complicated than described above, requiring many different kinds of bacteria, fungi and soil organisms. But the ecological principles remain similar: waste is absorbed into the pores of the soil, and its chemical constituents in the bodies of soil organisms, and it is processed such, that nutrients are released slowly enough to be absorbed and used by plants. Without a healthy soil, full of soil organisms, a soil loses its fertility very rapidly.

  
	External cycles
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Water 
The water cycle is the largest of all. With an average of 1m of rainfall each year, the sheer mass transported this way is beyond imagination. The diagram shows how water flows between atmosphere, land and ocean. Most water evaporates from the ocean, while a large part also rains back into it. Most of what rains on the land is evaporated back into the atmosphere or is respired by plants in the process of photosynthesis. Only a small part returns to the sea by river. 

	river. 
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Nourishment 
In many places on Earth, the fertility of the soil is renourished from the cauldron of minerals under the crust, during volcanic eruptions. Apart from the laval flows which are strictly local, a volcano can belch ash clouds tens of km into the atmosphere, accompanied by loads of sulphur, nitrogen and phosphorus compounds. These rain out of the atmosphere over months, fertilising soils sometimes half a globe away. Although such events are sporadic, their influence is nonetheless noticeable. 

Locally, down-hill soils can be renourished from nutrient losses up-hill, resulting in fertile river valleys, flood plains and deltas. Flooded valleys by the sea once harboured rich estuarine life, buried under layers of sediment. As the sea retreated, the flooded valleys became fertile and easily workable cropland. With the rhythm of the ice ages, such processes repeated themselves. 

Where seas are rich in plankton, sustaining high densities of sea life, sea birds cycle nutrients, particularly nitrates and phosphates from the sea to the places where they roost. Resulting in dense deposits of the coveted guano fertiliser, now becoming a threatened resource. 

Carbon 
The carbon cycle was shown in the first picture on this page, and more of it will be discussed in the section on global problems and global warming. 

Sulphur 
The plankton itself also plays an important role in recycling nutrients back onto the land. In the late 70s it was discovered by scientist James Lovelock, that sulphur is generated by some phytoplankton organisms as dimethyl sulfide (CH3.S.CH3), a gas easily diffused out of the ocean's waters. In the atmosphere, this gas, because of its polarity and similarity to the water molecule (H.O.H), attracts water vapour and encourages it to condensate around a nucleus of only one molecule dimethyl sulfide. This property makes it one of the most potent cloud-forming agents known, playing an important role in both the water cycle and the sulfur cycle. Dimethyl sulfide rained onto soil, is easily incorporated into the soil structure. 
Because plankton has been shown to affect cloud formation and thus Earth's albedo (reflectance), it is thought that it plays an important role in the temperature regulation of the planet and a strong counteractive force against global warming. This will be discussed in more detail in the section on global warming. Other such cycles may exist for micro nutrients. 

Nitrogen 
As we have seen in the chapter on soil formation, the macronutrient (important nutrient) nitrogen is in short supply in the rocks and minerals of Earth's crust, but it is the main component of the atmosphere (79%). Here it is found as the very stable gas molecule (N2), which is not easily broken apart. In the upper atmosphere it can be separated into (N+.N+) radicals by ultraviolet radiation,  immediately combining with oxygen into various nitric oxides (2NO, NO, NO2), and later with water to form the fertile nitric acid (3NO2 + 3H2O = 2HNO3 + NO). These compounds are also formed inside rain clouds by the high energy discharges of lightning. 

In 1914 the Nobel prize winning German scientists Fritz Haber and Carl Bosch invented an industrial nitrogen fixation process by which pure nitrogen and hydrogen are combined to form ammonia (NH4) from methane (CH4), while using fossil fuel as energy source. Some of the ammonia is reacted with carbon dioxide to produce urea, a slow-release fertiliser. The remaining ammonia is converted to ammonium nitrate (NH3.NO3), a very powerful quick-release fertiliser. Because of the low cost of fossil fuel, these new artificial fertilisers have powered the green revolution, together with high yield cultivars. (See the chapter soil/fertility) 

No plant or animal is capable of fixing nitrogen, but some bacteria do. Where soil is healthy and moist, bacteria can be found that produce nitrogenous fertiliser from atmospheric nitrogen. In rice paddies, associated with a small water fern (Azolla), live nitrogen-fixing cyanobacteria that make paddies about ten times more productive than common soil (both by repetitive cycling and by increased nitrogen levels). In lakes, estuaries and oceans, live blue-green algae (these are bacteria) capable of fixing nitrogen with solar energy. In the roots of legumes (peas, beans) live nitrogen-fixing bacteria (Rhizobium) that convert nitrogen to ammonia (2N2 + 6H2O = 4NH3 + 3O2), using the plant's sugars as energy. Some of the ammonia is used by the plant to assimilate amino acids, the building blocks of protein (example for glycine: 2NH3 + 2H2O + 4CO2 = 2CH2.NH2.COOH + 3O2). 
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Primary production

Plants produce plant matter from soil nutrients, water and carbon dioxide, using the energy of light. It is called primary production. The diagram shows the carbon flows (is equal to energy flows). At left one sees a plant receiving light and CO2 from the air and returning oxygen. At night, when there is no sunlight, plants respire like animals do, taking up oxygen and returning CO2. Surprisingly, a large proportion of a plant's primary production (50%) disappears underground, where it grows the root system and feeds soil organisms. Only 50% is used for above-ground growth. Of this, between 10 and 40% is used for growing, depending on plant type, age and kind of harvesting. If the plant is grazed regularly, the grown biomass will be grazed, amounting to no more than 40%. The remaining 10% is lost by leaf drop. This leaf litter is decomposed by fungi and bacteria, contributing energy to the soil biota, while returning nutrients to the plant.

It is remarkable that plants sacrifice so much of their primary production to the soil organisms, but it is the only way these will be able to obtain the energy needed to do the many tasks required of them, including the maintenance and growth of a deep, porous soil. It is part of a mutually benefiting system that evolved over eons of time, a system that is easily disrupted and destroyed by farming. 

At this point it can be seen that the productive soils of the world are in desperate need of a source of energy, the carbon in plant litter. It comes as no surprise then that 'green-finger' gardeners apply copious amounts of compost to their soils in order to get results. Farmers are often not aware that the soil needs so much green manure. One of the effects of overgrazing is that not enough organic matter in the form of decayed leaves, returns to the soil. The soil organisms starve and cannot deliver their services. The top soil diminishes. Nutrients are lost and washed out. The soil is bared through lack of cover. The soil dries out. Soil organisms diminish further, and so on. It is a certain path to soil degradation that cannot be reversed after the point of no return. Then the soil becomes similar to that found in [image: image7.png]DEFORESTATION AND SOIL DEGRADATION
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deserts. 

The picture shows four scenarios that lie on the path of soil degradation. The figures show the amount of life, measured as kg carbon per square metre. At the bottom, a conceptual graph is shown of the fertility of the land and how it degrades. Most fertile agricultural soils were once fertile forests. In such forests, the amount of carbon in stems and foliage is 15 kg/m2 and the soil and leaf litter account for 10 kg/m2. The soil carbon is found in the dark brown A and O horizons. Immediately after clear felling, burning and resowing, the situation above ground changes, but the soil itself not as much. At the cost of losing 14 Kg carbon per square metre into the air, the soil remains highly productive. But grassland is not the same as forest and the soil degrades, as shown above, from lack of carbon inputs. 

After another ten years, five more units of carbon are lost, most from the soil which is adapting to the new situation. If at this point the soil is fertilised, enough wastes and foliage can be generated to maintain it. Without fertiliser, pasture becomes less productive and cattle is eventually replaced by sheep. After some 50 years, the point of no return is reached, when fertiliser application is no longer able to raise productivity. By 100 years, the soil has lost its structure, [image: image8.png]CATABOLIC PROCESSES
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having been eroded to its bedrock. Many of our hill pastures have reached the point of no return, because soil degrades faster where it is steeper. At the point of no return, it is still possible to plant trees, which will not be possible at stage four. 

It is important to note that soil fertilisation is an important weapon in retaining soil and preventing its loss. Indeed, the first course of action to fight erosion, is a generous application of fertiliser. This is not only cheaper than any other method, but works immediately and is the most effective course of action. See the chapter soil/erosion for more detail and other solutions. Also see rock&soil/carbon to compare productivity, carbon storage above ground and underground for various terrestrial ecosystems. 

As we have seen, the breaking-down function of soil (catabolic process) is its most important one, but it requires time. The summary shows a few important points. 
The carbon returned by plants to the soil comes in various classes. Most voluminous and amounting to nearly 40% of a plant's primary production, goes into hair roots, which can be eaten or broken down in a matter of days. Coarse roots take years and whole stems and branches decades. Each has its place and purpose and benefits. Where leaf litter cannot be buried by soil organisms, decomposition is about 5 times slower.

Underground organisms, all need a carbon source and oxygen to live. Oxygen penetrates the soil through the many tunnels of soil-burrowing organisms, of which the earth worm is very important. Where soils are waterlogged, such as in marshes, swamps and bogs, soil organisms die and organic matter accumulates, often creating an acidic environment. It is interesting to note that in cold climates, soil organisms slow down in winter to such an extent that they require hardly any oxygen. The suffocating snow cover and winter rains won't harm them in this state, and as soon as spring arrives, they can resume their tasks undiminishedly. 

Decomposition rates also depend on temperature. The comparative figures show 50 years for mountain pine, 4 years for temperate pine, 2 years for deciduous maple forest, a quarter year for tropical rain forest. 

An important point to mention here is that decomposition also depends on the amount of oxygen supplied. When a farmer ploughs his land, the soil suddenly becomes intensely exposed to oxygen, causing the soil organisms to do their work so fast, that valuable organic humus is 'burned' by them, resulting in poorer soils. Humus is organic matter in the form of humic acids, fats, resins, waxes, cellulose and more, that covers each and every soil particle, colouring the A horizon deep brown or black. It contributes to a loose, friable and porous soil structure. Solutions to this problem are to plough less (reduced tilling), to leave stubble and plant litter on the field through winter and to plough in the beginning of spring, when soil organisms are still inhibited by the cold, and to return more plant litter to the soil. 

	Soil biota

The soil is a most amazing and largely undiscovered realm with over 2 million species. Although it forms part of the terrestrial ecosystems, it is nonetheless an entirely separate environment, not or hardly mixing with any of the other, the terrestrial, fresh water and oceanic realms. Soil species are biologically very varied because they cannot travel easily. Rivers, lakes, mountains and seas form impassable barriers, leading to intensive variation and specialisation. In a small country like New Zealand, for instance, over 280 indigenous earth worms are found that occur nowhere else.
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The zone of the soil where by far most of its species live, the A horizon, is no more than a foot deep (0.3m), covering only part of the land. Some soil organisms have been discovered in sedimental rock, to depths where temperature kills ordinary organisms. Indeed, the fossil oil and natural gas we consume so prodigiously, may have been formed by such micro-organisms. 
The picture contains text only, challenging your imagination. All groups shown are consumers, deriving their energy from the breaking down of organic matter. They also eat one another. The weights shown are dry matter per square metre and are typical, but large variations occur. Surprisingly, the farm stock represents only 50g, with earth worms in the same league and fungi far outweighing it. 
Although the soil biota receive a large part of the plant's primary production, and also the droppings from grazers and finally their bodies as well when these die, their collective biomass is surprisingly high. In natural ecosystems, soil biomass often exceeds that of the vegetation above. How is this possible, since the soil organisms cannot make food themselves, relying entirely on what the plants provide? Normally one would expect the biomass of consumers to be 5-15% of the plant biomass on which they graze. The answer to this enigma must be found in the way they differ from land animals: 

· They don't spend energy moving about. All energy from food is spent in performing the catabolic processes. (bacteria, fungi, amoeba) 
· They don't spend energy in keeping warm. All soil organisms are 'cold-blooded' (poikylotherm) (all soil organisms). 

· They don't spend energy in pumping liquids because they are so small. (bacteria to worms) 

· Their cell structures are so simple that it requires little energy to reproduce. (bacteria, amoeba, fungi) 

· They can acquire and retain body mass like plants do (fungi and clusters of bacteria), thus growing when times are good and shrinking when times are bad. 

· Their total body mass is flexible and adapts to circumstance. 


In the above slide, the groups of organisms have been arranged by size, the smallest on top. The smaller an organism, the higher their numbers and the faster they reproduce. Surprisingly, viruses are shown. These are not important in the animal and plant world, where they cause disease, but in the soil they play a critical role. By infecting and killing bacteria, they contribute to the cycling of edible, even absorbable, organic matter. Their volume is very small, for they do not posses the skin and machinery of a living cell. 

Bacteria are probably the most important group. They are the chemical factories that convert one substance into another. Associations of many species group together, each doing what it does best. Their mass of 50g, equivalent to the grazing stock, is astounding for they can metabolise and grow thousands of times faster than sheep. Because bacteria multiply so fast, they can respond quickly to varying circumstances, making it seem as if the soil behaves like a single organism. Bacteria are recognisable by the slime they produce, a substance that is beneficial to soil by preventing dissolved nutrients from leaching away. 
Sometimes a film of blue-green algae is found on the surface of the soil where light is available. Near roots and often inside root nodules, living symbiontically with them, one finds cyanobacteria capable of fixing nitrogen. The ones living inside the roots derive their energy direct from the plant's sugars and are therefore the most efficient. But nitrogen fixation can occur throughout the soil by other cyanobacteria. In the guts of all higher soil organisms like nematodes, worms and arthropods, decomposing bacteria are found, including bacteria capable of breaking down persistent woody matter like lignin and cellulose. 

The fungi are more advanced than bacteria (eukaryotes) but still primitively single-celled, although having multiple nuclei. By extending their cells as thin, long threads (hypha) that enlarge their surface area considerably without enlarging their mass, they are able to absorb substances efficiently. They do so by secreting decomposing enzymes outside their bodies and absorbing the decomposed products through their cell walls. Their long hypha act as nutrient highways through the soil. Fungi are capable of storing soil nutrients, an important factor in soil fertility. 

Amoeba are single-celled animals capable of moving around in liquids. They prey on bacteria and fungi and form food for the larger animals. They are found in permanent or semi-permanent pools and puddles. 

 Nematodes are tiny round worms, which are quite mobile. They hunt amoeba, attack roots and eat fungi. 

The arthropods are insect or spider like, eating all of the organisms above. Many species occur, but those living entirely in the soil are the tardigrades, collembolas, mites, hoppers and slaters Their functions are not sufficiently known



. Earth worms have been proved to be very beneficial to soil. They drill tunnels, aerating [image: image10.png]decomposing soil organisms by body width
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the soil for all other organisms and making it capable of absorbing heavy rain. They eat soil and leaf litter. They rotate the soil in the A-horizon, such that leaf litter and other materials become buried, eventually migrating slowly to the base of the A-horizon. They can be found even in deeper horizons. 

This diagram classifies soil organisms by size, covering a range of five decades! Organisms are classified by body width, which is relevant because many are worm-shaped, and their widths are more important than their lengths. As is generally the case in ecosystems, larger organisms eat smaller ones, because these form no risk to their health (can't defend themselves) and are bite-sized. The background colours divide this world up by size in micro- (small), meso- (middle) and macro- (large) fauna. D C Coleman & D A Crossley in 'Fundamentals of soil ecology, 1996, assign functions and influence on nutrient cycling and soil structure to these groups in the following ways: 

	
	Nutrient cycling
	Soil strucure

	microflora 
(bacteria + fungi)
	Catabolise organic matter. Mineralise and immobilise nutrients.
	Produce organic compounds that bind aggregates. Hyphae entangle particles onto aggregates.

	microfauna
	Regulate bacterial and fungal populations. Alter nutrient turnover.
	May affect aggregate structure through interactions with microflora.

	mesofauna
	Regulate fungal and microfaunal populations. Alter nutrient turnover. Fragment plant residues.
	Produce fecal pellets. Create biopores. Promote humification.

	macrofauna
	Fragment plant residues. Stimulate microbial activity.
	Mix organic and mineral particles. Redistribute organic matter and microorganisms. Create biopores. Promote humification. Produce fecal pellets.


[image: image11.png]SOIL
AGGREGATION
Magnification shows
the ever finer
structure of soll
Five steps of 10x

ater Tsdal  Oades, 1652)

200nm clay particle  20000m clay packet 0.02mm agoregate




Soil functioning

The amazingly fine structure of healthy soil and how it works, is revealed by this drawing, containing five successive enlargements, from a 2mm soil crumb to a square of 0.2µm. It is remarkable how much pore space with air and liquid is found, not only between crumbs (peds) but also inside them. In a ten times enlargement (second image), fine hair roots (yellow) easily penetrate the loose soil particles and so do the hypha of fungi (purple). Most action happens where the three meet

	Picture three shows part of a soil particle, with the hypha surrounded by bacteria and bacterial debris (both organic and inorganic, and slime). Compared to bacteria (green), a hypha is rather large, but its enzymes extend outside, mixing with bacterial debris composed from decayed bacteria and their food and wastes, while also interacting with the bacteria. On this scale, the hypha obtains its food. 


Picture four shows in detail the microbial and fungal debris encrusted with inorganic and persistent organic material (humus). Around these particles, one finds the clay platelets, shown in detail in the last picture. These platelets are charged, binding and holding inorganic nutrients (mainly cations K+, Ca+ and so on), organic polymers and other substances. Because of these bonds, nutrients are not easily leached out, but plants can't easily sequester them either, partly also because their smallest roots (hair roots) are far too big [image: image12.png]es in soil - the drilosphere
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on this scale. Persistent humus exerts even stronger bonds on both cations and anions. 

In the environment of picture three, the interaction between humus, clay platelets, bacteria and hypha, the acidity is high, enabling bacteria to draw nutrients from the clay and humus particles. Hypha then transport these towards the hair roots. Without an army of bacteria and fungi, a soil appears infertile, reason why it is important to manage it with care. 

Chemical decomposing activity can be found throughout the soil, but it is most active in five special areas. They are the arenas where activity concentrates. 
The drilosphere is the workplace of earth worms. As can be seen from the top right drawing, worms leave a funnel-shaped business end on top of previous funnels. Earth is cast on top and to the side, covering leaf litter in a loose fashion. In the oxygen-rich moisture, other organisms find shelter or actively take part in some of the process. Rainwater dissolves nitrates, DOC (Dissolved Organic Carbon) and transports it down the worm hole. 
The detritusphere works where leaf litter is moist and rich in oxygen. Here fungi can work efficiently, decomposing cellulose while taking oxygen in and respirating carbon dioxide. Inside anoxic corners of leaf [image: image13.png]activities in soil - the porosphere|
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structure, bacteria convert nitric oxides to nitrogen. 

Where masses of young roots are found, activity is high in the porosphere of the soil. Pores are necessary to hold water and to transport oxygen and carbon dioxide. Aggregates of soil are pierced by hair roots (yellow) and covered in hyphae of fungi (purple). By the transport channels from worms and other organisms, water, nitrates, phosphorus and dissolved organic carbon compounds leach from the top down. 
In the aggregatusphere, sand and clay particles form enclosed workshops for bacteria. Many chemical processes happen here, producing nitrates (NO3-), ammonia (NH4+), carbon dioxide (CO2), nitric oxides and more. Many compounds are transported by the fine hyphae to other places. 
The rhizosphere is the area directly around hair roots. This is a special place because hair roots bring food and oxygen, enabling the micro organisms to work faster than anywhere else. A continuous flow of water is caused, as water is absorbed by these roots, drawing with it dissolved substances. As these hair roots grow, they intrude into other aggregatuspheres, find nutrients, get eaten, and other fine roots take their place. The soil is in a continuous state of decomposition, provided moisture  and oxygen are available. 

THE TECHNOLOGY OF EFFECTIVE MICROORGANISMS – CASE STUDIES OF APPLICATION

Dr. U.R.Sangakkara
Faculty of Agriculture, University of Peradeniya, Peradeniya 20400, Sri Lanka
The technology of Effective Microorganisms (commonly termed (EM Technology) was developed in the 1970’s at the University of the Ryukyus, Okinawa, Japan. The inception of the technology was based on blending a multitude of microbes, and was subsequently refined to include three principal types of organisms commonly found in all ecosystems, namely Lactic Acid Bacteria, Yeast Actinomyces and Photosynthetic bacteria. These were blended in a molasses or sugar medium and maintained at a low pH under ambient conditions.

The technology was introduced to the world through an International Conference held in Thailand in 1989, where a research program to test its efficacy was undertaken by 13 countries in the Asia Pacific region. Thereafter, this program encompassed many international fora, including the International Federation of Organic Agriculture Movements (IFOAM).

The original concept of using EM in crop production, primarily in organic systems to overcome the inherent problems such as low productivity was well proven in many environments. Thus the technology spread gradually to all continents.

Today EM is used in many systems pertaining to agriculture and environmental management. These range from crop and animal production systems, to livestock and aquaculture units. EM is used widely in environmental management for decomposition and more importantly for recycling of wastes, both solids and liquids. More recently research from Japan and projects in the USA have reported the ability of EM based products to reduce dioxin contents.

The programs on EM undertaken in over 60 countries show its success. The initial research undertaken in agriculture paved the way for case studies and large-scale use of EM in a diverse range of environments. These include laboratory scale identification of the microbes and their role in the DPR Korea, to the use of the solution in crop production in over 500,000 hectares in the same country. It is used in the USA, Europe, Africa, Asia, Mid and South America and Oceania in a multitude of ways. The reports from these projects highlight successes although some do show marginal results. The important aspect has been its use by practitioners, who adopt technologies due to proven successes and not research reports. The presentation will cover the practical benefits of using EM on the basis of research results and case studies where the solution has been used extensively for either agriculture or environmental management.

INTRODUCTION

The 21st century has dawned, with renewed hope for a better livelihood for the populations of this earth. Hence the themes often discussed at international fora on human welfare and agriculture range from sustainability, food security and safety to the provision of a productive and healthy environment to humankind and its future generations. Hence there is often a great deal of optimism about the possibilities of solving the multitude of problems in relation to the provision of food and a clean healthy environment for all.

Although the picture being painted seems rosy with numerous possibilities, the reality is not that simple. The future is not too optimistic. The post war agricultural revolution has brought about problems of pollution, which are increasing in magnitude, although the agricultural development projects have increased yields in both developed and developing countries. The problems also arise from over production of agricultural commodities in the developed countries, while inadequate production and unequal distribution of food and resources in the developing countries is a common phenomenon. There is excessive pollution caused by industrialized agriculture, loss of biodiversity and increased incidence of pests and diseases. The use of genetically modified organisms has raised concerns about food safety. All these problems need solutions to maintain and possibly enhance the quality of the environment and provision of food for humankind and also all forms of life on earth (HRH The Prince of Wales, 1998).

 

ORGANIC OR NATURE FARMING

Organic or nature farming is considered a possible solution to many of the problems caused by industrialized agriculture (Litterick et al, 2001). This is based on the fact that organic or nature farming is a holistic concept, involving all components of the ecosystem. Hence organic and nature farming are considered useful and sustainable systems to produce safe and quality food, both in the developed and developing world.

Organic farming in the developing world is viewed as a system of alternative agriculture, which could enhance the quality of degraded environments currently farmed intensively by smallholders to produce food and fodder. In the recent past, organic products have also become export commodities, which earn much-needed foreign exchange to these countries. In all instances, organic farming alone may not provide the required quantities of food, although it certainly has the potential of improving the environment and more importantly, the sustainability of the farming systems.

A primary problem of organic or nature farming is the low yields procured, when compared to that of conventional chemical farming systems. This is principally observed in the developing countries. Hence the promotion and development of organic systems in these regions must be coupled with technologies that would enhance yields while preserving and possibly improving the sustainability of the systems and also the environment.

MICROBES IN AGRICULTURE

Microbes are a vital component in all ecosystems. In agriculture, their value cannot be overemphasized, due to their role in the soil and as an interlink between the biotic and abiotic components and also between the grazing and detritus food chains. However, their role has often been neglected in conventional chemical farming systems. The interaction between microbes and plants developed with the process of evolution in plants, and hence the use of microbes singly or in mixtures of free living and naturally occurring species could enhance the productivity of most farming systems significantly (Zarb et al, 2001). Thus the most importance and often-used species of microbes in agriculture are Fungi, Bacteria, Actinomyces and Yeast.

Although the use of microbes in the form of animal manure and slurries has a long history in traditional agriculture, the use of Rhizobium and Mycorrhizal inoculation added a new dimension to the technology of microorganisms in agriculture. In the recent times, research has clearly shown the benefits of using inoculations of naturally occurring microbes in increasing productivity of both conventional and organic farming systems (Tisdal, 1994, Zarb et al, 2001). However, the use of microbial inoculation containing many species obtained from the respective ecosystems to develop multiple benefits has not received much attention.

 

THE TECHNOLOGY OF EFFECTIVE MICROORGANISMS

Fungi, Bacteria, Actinomyces and Yeast are found in all ecosystems. They are used widely in the food industry, and these species play a vital role in agriculture to maintain and also enhance productivity (Zarb et al, 2001). The technology of Effective Microorganisms (EM) also uses these species namely Lactic Acid Bacteria, Photosynthetic Bacteria, Yeast and Actinomyces isolated from the respective environments in which EM is used.

Professor Dr Teruo Higa developed the technology of EM in the 1970’s at the University of the Ryukyus, Okinawa, Japan. The first solutions contained over 80 species from 10 genera isolated from Okinawa and other environments in Japan. With time, the technology was refined to include only the four important species cited earlier, namely Lactic Acid Bacteria, Photosynthetic Bacteria, Actinomyces and Yeast. These are isolated from the respective locations where EM is used extensively and is blended into a mixture in a sugar-based medium. The sugar commonly used is molasses or raw sugar, and the solution is maintained a low pH ranging between 3 .0 – 4.0 The mixture does not contain any organism imported from Japan, nor does it contain any genetically modified organisms. Hence, EM is made in over 40 countries in all continents, from species isolated from the different localities. The technology is thus safe, effective and environmentally friendly, and is accessible to farmers in both developed and developing countries. On this basis, the technology is used or researched upon in countries ranging from Austria to Zimbabwe.

PRACTICAL USES OF EM

The practical uses of EM can broadly be classified into two principal components –

· Agriculture 

· Environmental Management 

The research programs and case studies on the benefits of EM in these two principal components have been reported from all continents of the world. However, a setback in the wide scale publicity of these very useful studies has been the lack of publications in international journals, due to the emphasis on one particular product. Most studies have been reported at two fora, namely the International Conferences of IFOAM (International Federation of Organic Agriculture Movements) beginning 1987 and the International Conferences on Kyusei Nature Farming beginning in 1989. However, the usefulness and potential values of the technology is accepted internationally as shown by the development of separate sessions on EM at the IFOAM conferences beginning in New Zealand in 1994.

 

EM IN AGRICULTURE

The original use of EM was for agriculture. Hence EM was first applied to enhance productivity of organic or nature farming systems. EM was applied directly onto organic matter added to cropping fields, or to compost, which reduced the time required for the preparation of this biofertilizer. EM is also added in the form of Bokashi (Compost) made with waste material such as rice husk and saw dust as a carrier, mixed with nitrogen rich material such as rice, corn or wheat bran, fish meal or oil cakes.

The studies on the success of EM in crop production are many. Research on papaya in Brazil (Chagas et al, 2001), herbage grasses in Holland and Austria (Bruggenwert, 2001, Hader, 2001), vegetables in New Zealand and Sri Lanka (Daly and Stewart, 1999, Sangakkara and Higa, 2000) and apples in Japan (Fujita, 2000) illustrates this phenomenon very clearly. All these studies are examples of a multitude of projects and they clearly highlight that the use of EM or EM based products such as Bokashi increase yields of traditional organic systems over a period of time.

The causal phenomenon of these results has been attributed to many factors. These include greater release of nutrients from organic matter when composted with EM (Sangakkara and Weerasekera, 2001) enhanced photosynthesis (Xu et al, 2001) and protein activity (Konoplya and Higa, 2001). Studies also identify greater resistance to water stress (Xu, 2000), greater mineralization of carbon (Daly and Stewart, 1999) and increased soil properties (Hussein et al 2000) and better penetration of roots (In Ho and Ji Hwan, 2001) with the use of EM.

The impact of EM in promoting plant growth by controlling or suppressing pests and diseases has also been reported from many countries. Kremer et al (2001) reports the control of Sclerotinia in turf grass with EM. Guest (1999) and Wang et al (2000) highlight the control of Phytopthora with EM derivatives in China and Australia Wood et al (1999) also states the control of pickleworm in cucumber with EM. The control of black Sigatoka with EM is a success in Costa Rica (Elango et al, 1999). These are just a handful of many reports that present the success of EM in crop production. More importantly, all these highlight the benefits of EM in a wide range of environments. which is the key to its success and adaptability.

The use of EM in animal husbandry is also clearly identified in many parts of the world. Studies in Asia where EM was first introduced and is used extensively (e.g. Chantsawang and Watcharangkul, 1999) and in Belarus (Konoplya and Higa 2000) report the successful use of EM in poultry and swine units. EM is added to feed and sprayed for sanitation in these units. Integrated animal units and poultry farms in South Africa (Hanekon et al, 2001, Safalaoh and Smith, 2001) use EM to increase productivity. Swine units and fish units in Austria also use EM for procuring greater productivity (Hader, 2000).

The causal phenomenon of these has also been identified in research projects. These are greater physiological activity in animals and better feed conversion efficiencies (Safalaoh and Smith, 2001, Konoplya and Higa, 2000).

As cited earlier, the reports on EM in increasing the productivity of animal units are numerous. The setback in further progress is the lack of international publications of these studies, although carried out in a systematic and scientific manner. However the benefits are clearly identified as exemplified by the adoption of the technology by farmers and producers despite warning by skeptical scientists. This is the final judgement of the success of the technology for agriculture.

EM IN ENVIRONMENTAL MANAGEMENT

The management of the environment is a key and controversial issue in modern agriculture. The disposal of farm wastes, the discharge of polluted waters and the mitigation of dioxin developed through incineration or disintegration of wastes are all problems faced by humankind. Thus legislation is being introduced in many countries to preserve the existing environment and possibly improve it.

The role of EM in environmental management is of significant importance. This microbial solution, which was originally developed for nature or organic farming systems, was further expanded to overcome environmental issues, thereby facilitating the reuse of most wastes.

The first concept of using EM in environmental management was in the process of composting. Crop residues and animal wastes were effectively composted to produce biofertilizers. Research in Holland (e.g. van Bruchem et al, 1999), and Shintani et al (2000) in Costa Rica highlight the potential of making compost with animal or crop wastes, this increasing yields of crops supplied with this material, over the productivity of traditional organic systems.

The use of EM in composting garbage developed in the mid 1990’s and very successful projects have been undertaken in Asia. A good example is that of Hanoi Vietnam (Quang, 2000), under the purview of the Ministry of Science, Technology an Environment of that country. The city garbage is composted with EM and sold as fertilizers. A similar project is being undertaken in Yangon, Myanmar. The city of Pusan in Korea uses EM in over 500 apartments to compost kitchen wastes, which are recycled into home gardens, in a project undertaken by the Red Cross. The city of Christchurch in New Zealand is also undertaking a similar project, which will be a field site at the International Conference on EM in January 2002.

EM is also being used effectively in purifying water for reuse. The best example of this is in Okinawa the home of EM. The city library of Gushikawa uses EM very effectively in treating sewage water, which is recycled for the garden and in toilets. The COD and BOD of the water are reduced significantly when treated with EM (Okuda and Higa, 1999) and this water is reused, thus saving costs and energy.

A very recent project on using EM in water treatment is in the Gold Coast of Australia, in the city of Mc Kay. The city sewage system is treated with EM and oxygen and the quality of water enhanced prior to discharge. A resort island uses EM for its water treatment and this water is recycled into gardens with no smell. The quality of water is well within the stringent environmental laws of Australia, and this study will be presented in New Zealand next year.

Research in South Africa also highlight the potential of using EM for treating pig manure prior to feeding fish (Hanekon et al, 2001). Addition of EM to pig fed promoted growth of the animals. Application of EM to manure reduced faecal bacterial counts and feeding this manure to fish increase harvestable produce.

Although not recorded, there are many projects using EM for waste management in many countries. Amongst all the practitioners of EM, the best example is at the Nature farm in Sara Buri, Thailand, where EM is used for cropping, livestock, and waste management. Unfortunately these results have not been recorded as it is a practical farm used extensively for training people from Thailand and overseas on EM technology, at no cost to the trainees.

The most recent studies with EM on environmental management produced very interesting results. If repeatable, these would have a significant impact on the enhancement of environmental quality. The first is a study from Belarus, which illustrate the ability of EM to reduce radioactive contamination in affected soils (Konoplya, 1999). Application of EM increased uptake of Cs137 from contaminated soils of Chernobyl. The destruction of these crops would reduce the level of contamination in the soils. In addition, the use of EMx, a derivative of EM, which has antioxidant properties, was seen to act as a radioprotective agent.

The second and third studies relate to the reduction of dioxin production. A pilot study in the USA (Kozawa 2000) showed that the use of EM could reduce dioxin production. More importantly, a study by Miyajima et al (2001) in Okinawa, report that using EM in a commercial incinerator reduced the production of dioxin. These suggest valuable lines for research ad acceptance for the future.

CONCLUSIONS
The potential of EM in agriculture and environmental management is significant. The technology can be used easily and economically to enhance productivity of agricultural systems, especially organic systems and in mitigating environmental pollution. 

While successful projects are being implements in many countries even at national scale as in Myanmar, D P R Korea, Vietnam and Thailand, and by non governmental organizations as in Sri Lanka, India and Indonesia or on a more localized scale by private organizations such as New Zealand nature farming Societies, Agriton of Holland, EMROSA of Africa, a setback has been the lack of proper exposure and recording of results. The users see the benefits of EM and there is a very growing demand for EM. This calls for the maintenance of good records of its success and effects, although the users often state – "We know its benefits – Why record it?"

In this story of success, one also needs to be cautious in using EM. It is not a means or answer to all problems, although it has a significant role to play in agriculture and environmental management. As in all techniques, EM must also be used diligently and with care, as per guidelines. Failure to do so would produce negative results as in some instances, which have also been given publicity. However, adoption of the technology of EM will ensure the achievement of the objective – Where all humans of this world strive for – Greater production of agricultural systems on a sustainable basis and a cleaner environment for humankind and its future generations.

THE SOUND AND THE GLORY 
Steven Jones

Take a specially developed organic foliar feed. Spray it on your plants. At the same time, playthem some ‘music’ – and get trees that put on ten years of growth in four years. Sprouts that germinate and grow to an edible size in just 72 hours. Tomato plants that produce twice as much fruit in half the time. Oranges the size of grapefruits, dripping with juice . .
. . . And not a chemical in sight.
The ‘music’ is actually an oscillating frequency of sounds remarkably similar to that of chirping birds and crickets, but you get the idea. Just another ‘miracle,’ quick-fix magical idea to beat the odds and make a quick fortune for its promoter. Or is it?
While it sounds too good to be true, the claims made for American researcher and inventor Dan Carlson’s ‘Sonic Bloom’ are increasingly being taken seriously, and many have been rigorously tested in the field. Carlson even got in the record books, with a Purple Passion vine that, like Topsy, just growed. To an astonishing 390 metres.
Once one gets past the natural Kiwi skepticism, Carlson’s claims for Sonic Bloom, some of which seem to border on the outrageous, do make some sense. The idea of playing music to encourage plant growth is not new. There were experiments in the seventies and I remember seeing a Kiwi grower playing music to plants on television. I remember cows enjoying the radio when I milked them. I had also read somewhere that ‘music’ of the heavy rock variety could actually kill plants. Hardly surprising, it has a similar effect on me.
The Sonic Bloom concept is more appealing than the idea of music alone helping plant growth, involving as it does the use of sound and nutrient together in a balanced combination.
The sound is not the music of Chopin or the Beatles (although the Sonic Bloom cassettes supplied to home gardeners do include classical music – Vivaldi’s ‘Four Seasons, Spring,’ of course). But that is just there for humans who may be irritated by the ‘music’ that the plants enjoy; a carefully modulated, high-frequency, electro-magnetic wave developed from natural sounds. It is similar to the frequency of many bird calls and has been likened to the sounds of birds or crickets.
Sonic Bloom’s inventor, Dan Carlson, defines the concept in one sentence. "Sonic bloom is sound aiding in the absorption of an organic foliar nutrient."
The theory is that the sound encourages the stomata, thousands of tiny openings on the surface of leaves, to open, allowing the plant to more readily absorb nutrients. The other half of the Sonic Bloom equation is a seaweed-based, organic foliar spray containing some 55 trace minerals and amino acids, and a naturally produced giberellic acid.
The commercial possibilities of a product like Sonic Bloom are enormous. Even greater are the implications for ending world hunger, and it is this that interests Carlson.
Coming face to face with the effects of starvation as a young soldier in the Demilitarized Zone of Korea in the early sixties, Carlson decided to devote the rest of his life to an attempt to find a solution to the problem of world hunger. He spent several years at the Minnesota University Experimental College working on plant nutrition. He concluded that if plants were able to obtain 72 percent of their nutritional requirements through their leaves via the stomata, they could flourish in very poor or unsuitable soils and climates – if a way could be found to increase the uptake of nutrient into the leaves. He knew that plans translocate any excess nutrients from their leaves down to their root system, thus conditioning the soil and storing nutrients for future use.
His work led him to eventually find an electro-magnetic sound wave frequency range which stimulated the stomata into action and thus increased the update of ‘free’ nutrients available in the atmosphere, including nitrogen, and moisture in the form of dew.
"Stoma" is Greek for mouth and every plant leaf has thousands of these little mouths, or stomata. The sound frequency Carson utilized has turned out to be in the same range as some song birds, particularly during some of the spring mating and courtship rituals. This finding has led some people to suggest that the spring birdsong may be one of Nature’s signals; a trigger for trees and plants to break dormancy and begin to grow. If so, the implications of that alone are considerable for modern horticulture, which tends to discourage birds. Dan Carlson also began experimenting with various plant extracts and seaweeds and finally came up with an organize nutrient which gave the most rapid and balanced plant growth. He would find one ingredient known to increase plant growth and then increase or decrease the quantity until it produced the best possible result.
After several years he came up with a nutrient blend, which when applied with the sound frequency, produced rapid and balanced growth on over a hundred different crops, from avocados to zucchini. Dan Carlson achieved world-wide recognition for his Gynura aurantiaca or Purple Passion plant, which grew so big with Sonic Bloom that it is listed in the Guinness Book of World Records as the world’s largest indoor plant. It eventually grew to 390 metres. But the purple passion plant experiment was of novelty value only. Scientists were not interested in this success because it involved a non-edible plant of no commercial value.
So Carlson approached farmers and commercial growers to try Sonic Bloom on as many crops as possible. He managed to encourage the U.S. Department of Agriculture to become involved in barley growing trials involving fifty varieties and different growers. They reported an average 68 percent increase in yields across the board, with several varieties treated with Sonic Bloom producing more than 100 percent yield increases.
In 1986 Acres U.S.A. magazine reported 30 percent increases on oranges and the reversal of the disease ‘Young Tree Decline.’ Papaya showed 300 percent increases. A macadamia tree considered past the age of production became virtually ever-bearing. Yield increases of 400 percent for cucumbers, African Violets with up to 300 blooms per plant instead of 30, and 300 percent yield increases on sweet corn were among many other successes.
The senior editor of Professional Farmers of America magazine, a definite skeptic, tested Sonic Bloom and reported 100 percent yield increases in soybean yields.
The treated soybeans were visibly larger, with an increase in pods per plant and pods numbering from 60 to 100. In Wisconsin, soybean plants produced up to 300 pods per plant; 30 to 35 is considered the norm.
Harold Aungst won the Pennsylvania State alfalfa growing contest using Sonic Bloom wit no herbicides, pesticides or expensive fertilizer. He managed 7.6 tons per acre after achieving the state average of 3.4 tons in his first cutting.
Growing bigger with Sonic Bloom apparently doesn’t mean a loss in flavor or thicker skins in the case of fruit. Growers report exceptional quality and taste with fruit, vegetables, and nuts treated with Sonic Bloom.
Like the cows which preferred the Sonic Bloom-grown alfalfa and ate the entire plant, stalk and all, humans seem to associate good taste with nutritional value.
Oranges from Sonic Bloom-treated trees have been found to contain 120 percent more vitamin C content. Soybeans were found to have 27 percent protein as against a normal 15 percent. Apples from the Circle K Orchard had 1,750 percent more zinc, 400 percent more iron, 326 percent more chromium, and 126 percent more potassium.
In Dan’s words, "These are all key ingredients to human health, longevity, and mental activity." Carlson also tells of commercial growers and home gardeners using Sonic Bloom product reporting much less pest and disease pressure. He maintains that the high complex sugar levels produced in treated plants can actually kill or intoxicate pests, whose digestive systems can’t handle the high sugars, in the form of alcohol.
These alcohols are the building blocks of amino acids. Since alcohol is basically antifreeze, this may partly explain the ability of plants to withstand frosts. And could be the reason outdoor Californian varieties of strawberries treated with Sonic Bloom are surviving the harsh winters of Wisconsin, and baffling experts who said they would never grow there.
Carlson’s intention when developing Sonic Bloom was to find a way in which food plants could produce high yields in the exhausted soils of famine areas. But no matter how good the growing environment, Sonic Bloom appears to still produce dramatic improvements in plant health and yields.
While the jovial and extroverted Carlson is having lots of fun with the astounding results of Sonic Bloom-treated crops, he hasn’t forgotten that perhaps the greatest feature of his sound and nutrient method is its ability to grow better crops in poor soils and low rainfall.
Not only do crops treated with Sonic Bloom grow in areas where crops had not grown previously, they thrived. In New Mexico, they’re making world record claims for Amaranth. Not only were the heads the biggest ever encountered, but the treated Amaranth matured 56 days earlier, on poor, adobe, sandy soil with a pH ranging from 7.7 to 7.9. In the first year, the Amaranth grew 450 gram heads. The next year, the seeds taken from those heads produced heads weighing more than a kilo.
Sonic Bloom-treated plants also apparently produce seeds which grow as well as their parents without further treatment, seeming to carry over improved genetic qualities. However, those seeds when further treated with Sonic Bloom, grow to become even better than their parents.
Carlson calls this "Genetic elasticity; the latent ability of plants to exhibit characteristics hidden in their gene pools, pulling out advantageous genes that may have been hidden for hundreds of years."
In the desert soils of Israel, Dan became part of a project involving the growing of 450 rare and endangered plants. Some seeds which can take 100 years before they germinate, did so only in the presence of Sonic Bloom.
Alan Kapuler, of Peace Seeds Oregon, reported on the effects of Sonic Bloom on the germination of 89 kinds of flowering plants. Apart from dramatically stimulating the germination of several plant types including squash, sweet corn, peppers, paulownia, and three species of rare solanums, four of the plants germinated only in the presence of Sonic Bloom.
Although the Sonic Bloom sound/nutrient system is organic, it also possesses another feature which could have far-reaching implications for this planet. The concept has been nicknamed "Sonic Doom"; or sound aiding in the absorption of herbicide. Tests have shown that by employing the sound 45 minutes prior to spraying, even hard-to-kill mature weeds can be sprayed with 50 percent less herbicide, resulting in faster, total kills. The sound is so efficient at getting the herbicide into the plant that it doesn’t matter if it rains an hour after application. While Dan Carlson does not advocate the use of herbicides, using 50 percent less will obviously result in less damage to the environment. He likes the idea of farmers halving their herbicide bills and using the savings to buy Sonic Bloom nutrient to increase their yields!
The Sonic Doom concept may also make the less effective, but environmentally safe, weed killers more efficient. Dan Carlson has refused to sell his concept to any large corporation for fear that his now world-patented growing method goes the same way as cars that run on water.
In the U.S., many farmers are on a ‘set aside’ program, where the U.S. Government pays growers not to grow anything. As a result, Dan Carlson’s achievement is probably more recognized in countries other than his own.
In Japan last year, the Bio-Research Committee, which represents 8,000 organic farmers declared Sonic Bloom to be the best thing that they had experimented with in recent years. China and Afghanistan have employed Sonic Bloom in their forestry.
In New Zealand and Australia, Sonic Bloom is in the process of being registered as organic with the main organic authorities.
In New Zealand, perhaps the greatest potential for this revolutionary technology lies in forestry -–with the promise of shorter tree rotation times and exceptional wood density qualities.
Trials are already underway on Paulownia in Australia and Pinus radiata trials will begin in New Zealand this year. In the U.S., pines have halved their maturity time with Sonic Bloom. The mind boggles as to what may happen here, in a climate already near perfect for trees.
As an organic apple and pear grower who managed to get Sonic Bloom into the country and on to the orchard midway through the season, I am delighted with results so far. They told me my young trees would suffer this season because of my decision to convert to organic and not use any chemical fertilizers. Instead, the trees are a picture of health and the first crop of apples have size, color, and exceptional taste.
Knowing also that with trees much of what you do this year determines what happens next year, I look forward to our next harvest with relish.
Our own indoor plants are literally glowing with health and for the first time we are successfully growing maidenhair ferns. One wag phoned me and declared that his place resembled "The Day of the Triffids" after only a few weeks of using Sonic Bloom.
He had to be joking. Or did he? I recall seeing, on the Sonic Bloom video, a gigantic, towering sunflower plant with a 50 cm flower, and there were those 200 kilo pumpkins…
 The Proof of the Pudding - PUTTING SONIC BLOOM TO THE TEST
The theory behind Sonic Bloom is that the harmonic frequencies that make up the sound element of the product have the effect on plant leaves of encouraging the stomata to open.
The plant is thus able to take up the specially formulated organic foliar spray at a rate ideally suited to optimum growth.
The ‘music’ is played before, during, and after applying the spray. Between 5 and 12 applications of the foliar feed annually are recommended.
The claims made for Sonic Bloom are spectacular. The video that accompanies the product tends to support the claims, at least with anecdotal evidence.
However, claims are not proof. If Sonic Bloom does perform in the manner claimed, without side effects, it represents an astonishing advance, with implications for everything from the ability to grow crops in poor soils, to increases in shelf life on commercial crops.
In an effort to establish if Sonic Bloom lives up to its promise, Growing Today has asked Bob Crowder of Lincoln University’s Biological Husbandry Unit, to subject the product to some controlled trials.
GT will underwrite the costs of these trials, which will look at the claims made for improved seed germination with Sonic Bloom. We hope to bring readers the results, good or bad, in our June issue.
MORE ABOUT SONIC BLOOM
Steven Jones is an organic apple grower and now the NZ and Australian distributor for Sonic Bloom. If you would like to learn more about Sonic Bloom, he recommends the two-hour video which covers a wide range of fruit, vegetable, grain, tree, and nut crops as well as flower-growing legumes.
Principles of biological agriculture

If one has to give a rather short definition of biological agriculture, it probably could be summarized in the following guidelines: 

- The production of plants and animals and the use of raw materials in harmony with natural control mechanisms. 

- Optimum - not maximum - production, which is mainly achieved by a planned diversity. 

- Soil fertility is not only maintained, but also improved to achieve the optimum production, primarily by using renewable resources. 

- New and appropriate technologies - the result of a better understanding of natural biological systems - are an integrated part. 

- Foods of optimal nutritional value and minimal residual contamination are produced. 

- Suitable technologies - especially mechanical solutions - are developed and used. 

- The animals integrated in the production system are housed and fed in a manner appropriate to their species. 

- Biological agriculture also brings an aesthetic satisfaction to those working in it and to those outside (landscaping). 

- The people living on and from the land are also an important factor and must once come to play a central role, reflecting their needs, within the agricultural system.

[image: image14.png]


The guidelines mentioned here provide the basis for the development of a method of agriculture which is not only ecologically but also economically and socially sound.
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