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This is a simple chain diagram of the soil food web but if creatures such a gastropods (from the latin meaning stomach foot (slugs and snails)) were to be included there would be arrows from plants, organic matter and fungi, to the snail. Then there would then be arrows from the snail to predator nematodes, organic matter, bacteria and animals, creating complex links in the chains.
Plants are in control! ..... But fungi and mushrooms have the keys.
A large amount of the energy created during photosynthesis is not used for growth but for excreting a substance from the roots called exudates. These encourage micro life and activity around the roots creating the conditions to support the plants own growth. Relying on, hand in hand, relationships with the other life in the soil, to truly thrive.
Plants are able to affect their soils by which soil life they encourage.
Both bacteria and fungi affect the soil pH levels surrounding them by the substances that they excrete. They have opposite effects and either do not thrive in the ideal conditions of the others. The acidity or alkalinity of the soil plus the plants exudates prescribe what bias of colonies will exist around the roots and in the soil.
The exudates....
Encouraging mycorrihzal fungi and safely harbouring beneficial bacteria around roots, encourages the predators of these organisms, which can then in turn release the nutrients stored in their bodies, making them available for plant uptake.
The exudates also feed the bacteria present in soil this encourages colonies of bacteria around their roots which also do the task of preparing available nutrients for the plants.
Bacteria breakdown some of the more complex substances in soil, created by decomposition,  and transform them into nitrogen. There are many different thousands species of bacteria which play different roles and breakdown and consume different materials present in soils.
As a rule gardens and vegetables prefer soil highly populated with bacteria
Woodland and old growth forests favour fungi rich soils, this is because the fungi can feed on the more complex hard wood compounds such as cellulose and lithin with ease. This affects the pH keeping the bacteria out of the area.

The symbiotic relationship with fungi
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Picture taken from www.biology4kids.com   www.spectrumanalytical.com

The fungi are attracted to the sugars in the roots of plants and they exchange this for nutrients, trace elements and water with the plant. Fungi also increase the surface area of the root allowing a greater exchange of nutrients and food.
It is the bacteria and the fungi that are able to break down the chemical bonds of the materials in the soils and then store them in their bodies. This ensures they are not washed away and the life of these microscopic organisms creates structure in the soil.
THE KEYS!!!






ROLES OF THE 16 ESSENTIAL NUTRIENTS IN CROP DEVELOPMENT

Sixteen plant food nutrients are essential for proper crop development. Each is equally important to the plant, yet each is required in vastly different amounts. These differences have led to the grouping of these essential elements into three categories; primary (macro) nutrients, secondary nutrients, and micronutrients. 
[bookmark: primary]PRIMARY (MACRO) NUTRIENTS 
Primary (macro) nutrients are nitrogen, phosphorus, and potassium. They are the most frequently required in a crop fertilization program. Also, they are need in the greatest total quantity by plants as fertilizer. 
NITROGEN 
 Necessary for formation of amino acids, the building blocks of protein 
 Essential for plant cell division, vital for plant growth 
 Directly involved in photosynthesis 
 Necessary component of vitamins 
 Aids in production and use of carbohydrates 
 Affects energy reactions in the plant
PHOSPHORUS 
 Involved in photosynthesis, respiration, energy storage and transfer, cell division, and enlargement 
 Promotes early root formation and growth 
 Improves quality of fruits, vegetables, and grains 
 Vital to seed formation 
 Helps plants survive harsh winter conditions 
 Increases water-use efficiency 
 Hastens maturity
POTASSIUM 
  
 Carbohydrate metabolism and the break down and translocation of starches 
 Increases photosynthesis 
 Increases water-use efficiency 
 Essential to protein synthesis 
Important in fruit formation 
Activates enzymes and controls their reaction rates 
Improves quality of seeds and fruit 
 Improves winter hardiness 
 Increases disease resistance
[bookmark: secondary]SECONDARY NUTRIENTS 
  
The secondary nutrients are calcium, magnesium, and sulphur. For most crops, these three are needed in lesser amounts that the primary nutrients. They are growing in importance in crop fertilization programs due to more stringent clean air standards and efforts to improve the environment. 
CALCIUM 
  
 Utilized for Continuous cell division and formation 
 Involved in nitrogen metabolism 
Reduces plant respiration 
Aids translocation of photosynthesis from leaves to fruiting organs 
Increases fruit set 
Essential for nut development in peanuts 
Stimulates microbial activity
MAGNESIUM 
  
Key element of chlorophyll production 
Improves utilization and mobility of phosphorus 
Activator and component of many plant enzymes 
Directly related to grass tetany 
Increases iron utilization in plants 
Influences earliness and uniformity of maturity
SULPHUR 
  
Integral part of amino acids 
Helps develop enzymes and vitamins 
Promotes nodule formation on legumes 
Aids in seed production 
Necessary in chlorophyll formation (though it isn’t one of the constituents)
[bookmark: micro]MICRONUTRIENTS 
The micronutrients are boron, chlorine, cooper, iron, manganese, molybdenum, and zinc. These plant food elements are used in very small amounts, but they are just as important to plant development and profitable crop production as the major nutrients. Especially, they work "behind the scene" as activators of many plant functions. 
BORON 
Essential of germination of pollon grains and growth of pollen tubes 
Essential for seed and cell wall formation 
Promotes maturity 
Necessary for sugar translocation 
Affects nitrogen and carbohydrate
CHLORINE 
Not much information about its functions 
Interferes with P uptake 
Enhances maturity of small grains on some soils
COPPER 
Catalyzes several plant processes 
Major function in photosynthesis 
Major function in reproductive stages 
Indirect role in chlorophyll production 
Increases sugar content 
Intensifies color 
Improves flavor of fruits and vegetables
IRON 
Promotes formation of chlorophyll 
Acts as an oxygen carrier 
Reactions involving cell division and growth
MAGANESE 
Functions as a part of certain enzyme systems 
Aids in chlorophyll synthesis 
Increases the availability of P and CA
MOLYBDENUM 
Required to form the enzyme "nitrate reductas" which reduces nitrates to ammonium in plant 
Aids in the formation of legume nodules 
Needed to convert inorganic phosphates to organic forms in the plant
ZINC 
Aids plant growth hormones and enzyme system 
Necessary for chlorophyll production 
Necessary for carbohydrate formation 
Necessary for starch formation 
Aids in seed formation
In addition to the 13 nutrients listed above, plants require carbon, hydrogen, and oxygen, which are extracted from air and water to make up the bulk of plant weight.
www.eldoradochemical.com
The essential nutrients have traditionally been grouped based upon the amounts in which they are needed by the plants. Because they are all necessary elements, however, it may make more sense to classify plant nutrients by their function inside the plants.
By using this criterion, nitrogen, sulphur, phosphorous and boron are grouped together because they are necessary for the formation of structural parts of the plant. The first 3 are components of proteins, which are the building blocks of most structural elements. Boron is included because it provides strength to the polysaccharide connections inside cell walls.
Nitrogen, sulphur, and phosphorous form another group whose electron bonding capabilities are important to their functions. Their bonds are involved in the storage of nutrients and creation of energy inside the cell.
The nutrients potassium, magnesium, calcium, manganese, zinc, iron, copper and molybdenum all affect or activate enzymes in one form or another and serve as electron transporters. Phosphorous, chlorine, sodium, and potassium are grouped together because they affect the way membranes work. Then there are those nutrients neede for the electrical balance of ions inside and outside of cells. These are chlorine, potassium, calcium and magnesium, all cell function regulators.
With this method of classification it makes more sense when it comes to figuring out why deficiencies occur when mineral ions are missing from a plants diet.
There is some duplication in this as there aren’t alot of nutrients involved.
Taken from teaming with nutrients by Jeff Lowenfels
Nitrogen the most used element
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The role of bacteria in the nitrogen process
Before the advent of the chemical industry, bacteria were almost solely responsible for creating nitrogen in the soils along with atmospheric nitrogen fixation to the soil by lightning.
Bacteria employ the use of enzymes to break down organic materials. They break the atomic bonds of the materials and store the nutrients in their bodies. This prevents the nutrients being washed away by the rains as the fluid produced by the bacterium also adhere them to soil particles, binding the soil and adding structure.
The nutrients in these organisms are then released and made available to the plants when they are eaten by the protozoa or reach the end of their life cycle and are broken down
It is not all species of bacteria that create nitrogen. So healthy and varied colonies must be supported.
Artificial Nitrogen is water soluble and leaches away quickly after application, the run-off creating more problems in the ecosystem and water courses.
It also affects the exudates of the plant roots, which means that the plant is not symbiotically supporting the natural nutrient sources of the food web. 
Protecting the soil food web in your soils
No Dig, no till.....And mulch it!
As the majority of the organism involved in the soil food web are based in the top 3-10inches of soil. One of the easiest ways to protect the delicate life forms beneath it’s surface is to not  till the earth, particularly with a rotovator.
This obliterates mycelia network, reverses the soils natural water draining and water retention properties. Shreds worm and arthropods, tilling the bacterial colonies out of there places and safe spaces makes them more vulnerable to attack from pathogenic bacteria. Moving the nematode colonies away from their ideal environments
No longer tilling the soil in this way saves the gardener plenty of time and means the soils will better retain moisture.
To improve the moisture retention of the soil. Mulching should be practised this also adds more nutrients to the surface of the garden. \Mulching also suppresses weed. It encourages more growth of the soil microbiology.
Different mulches for bacteria and fungi
[image: Wood chip mulch]So how do we build vegetable gardens with soil dominated by bacteria while creating fungi-dominated soil around our trees?  The first step is to start being more sophisticated about our mulch choices.

Bacteria are good at breaking down what composters like to call "greens" --- grass clippings, food scraps, and even straw (since the grain was cut while it was still growing and full of sugars.)  Bacteria also thrive on easy to digest manures.  On the other hand, fungi shine when given "browns" --- fallen leaves, wood chips, and anything else full of lignin and hard for most other organisms to digest.

The consistency and application method of the mulch matters too.  Wet, finely ground mulch supports bacteria, even if the mulch consists of fallen leaves.  On the other hand, dry mulch in big chunks will encourage fungi.  Any mulch that is worked into the soil will feed bacteria first, while mulch placed on the soil surface will feed fungi.

So an optimal mulch for a vegetable or annual flower garden would probably consist of finely chopped, wet grass clippings.  Under our trees, the best mulch would be big chunks of leaves or wood chips.
Taken from www.waldeneffect.org
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Page by Barbara PleasantPage by . - By providing food for fungi, wood mulch builds garden soil by increasing levels of organic matter in your garden beds. ILLUSTRATION: ELAYNE SEARS
Using the soil food web to solve common pest problems
How nematodes kill slugs
One nematode species – Phasmarhabditis hermaphrodita – has adapted to infest the body of many common garden slugs. At 0.5mm (0.02”) in length, it’s virtually impossible to detect by eye. Initially living on bacteria in the soil, the young nematodes seek out a slug host to continue their life cycle. Entering through the slug’s breathing hole (pneumostome) they take up residence, where the bacteria they ingested from the soil are released.
[image: Garden Slug infected by nematodes]
Infected Garden Slug – note the swollen mantle
Nematodes tend to colonise the ‘mantle’ area; that saddle shaped region of the slug’s back that reminds us of its ancestry, the snail. This area becomes enlarged; a tell-tale sign that the creature is infected.
Within days, the ill-fated slug stops eating and retreats below ground to eventually die. The nematodes digest the decomposing remains, before producing a new generation that move off in search of new slug hosts.
Phasmarhabditis hermaphrodita are already present in the soil so you aren’t adding anything foreign to the garden. However, their natural numbers are insufficient to control the average garden’s voracious slug population, hence reinforcements are required. Once the slug population has diminished, the nematodes will die back to their natural levels again.
Nematode production
Billions of slug infesting nematodes are bred in special facilities and kept in cold storage to keep them inactive. From there they’re shipped in special cool packaging to various approved suppliers, where they’re again kept refrigerated until ordered by you and I.
Nemaslug – nematode slug killer
Nemaslug – Slug Killer
Nematodes are living organisms that need careful storage, which is why you don’t see them on the shelves at the garden centre. Instead, you need to order them direct from an approved supplier like Harrod Horticultural, who incidentally offer a good range of other garden products too.
Nemaslug is the brand you’ll find in the UK, and it’s available in two pack sizes:
· Small Pack – Up to 40m² (50yd²)
· Large Pack – Up to 100m² (125yd²)
Taken from www.slugoff.co.uk





If healthy and fully populated soil food web systems are in place this will balance out the number of slug and snail, and other pests you will encounter in your garden.
Eventually ruling out the need for symptomatic relief with purchased products
Nature is amazing!


To repair damaged and toxic soils
Beneficial bacteria and fungi are needed first to degrade any residual toxic chemicals in your growing environment
Then bacteria and fungi are needed to tie-up nutrients so those nutrients are not leachable, and thus are not lost when water moves through the soil
Finally, bacteria and fungi need to be eaten by protozoa and nematodes to release tied-up nutrients in a plant available form
[bookmark: _GoBack]Dependant on what toxicity is present in the soil extra processes may be involved. Fruiting bodies of mushrooms and some plants acts as bio accumulators. These can be grown and harvested and then treated as toxic waste and taken to a sacrifice site perhaps after incineration to reduce the volume of material being disposed of.

Further reading
Teaming with microbes the organic gardeners guide to the soil food web
Teaming with nutrients the organic gardeners guide to optimizing plant nutrition 
Author:-  Jeff Lowenfels
Mycelium running How mushrooms can save the planet Author:-  Paul Staments
Earth Repair Healing Toxic Landscapes Author:-  Leila Darwish
The secret life of plants			Author:- Peter Tompkins
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Easy Diagram of a Simple Nitrogen Cycle
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