
 

 

Bio 1 

 
The learning outcomes are an understanding of: 

● Soil 

● Plants 

● Nutrition 

● Energy 
 

 
 
 

Soil 
The components which are important to soil and its maintenance are; 

 

1. a Healthy Soil Profile 

 

2. The Succession Scale 

 

3. Micro-organisms 

 

4. Current Conditions 

 

5. Natural Resilience and 

 

6. General Soil Assessment 
 



 

 

1. a Healthy Soil Profile 
 

Soil is a living entity and by taking care of it will allow your soil to take care of your 
plants. The following is what a healthy soil profile looks like: 

 
 

Organic Material (5%) 

 

In most cases the organic material is below 2% of the minimum required 5%, thus 
having a very low soil-carbon level and limited water retention. Compaction is a sign 
of low organic materials within your soil. Organic material is one of the main four 
focus areas that need to be kept in balance for sustainable farming. 

 

Older farming techniques like ploughing/tilling have been proven to disrupt this soil 
balance. By turning the soil you put your soil's organic matter and organisms in the 
sun, allowing it to be burnt and, or, destroyed by UV-rays. 
The highly active elements found in common fertilizers, Hydrogen and Chlorine also 
burns/destroys your organic materials along with the organisms that digest them. 

 

The lack of organic materials will also result in very low microbial populations, 
understanding that organic material is part of their food chain. 
 
 

Water (20-30%) 

 

To state the importance of water would be pointless. In many situations the health of 
the water is not considered, which has serious effects within your soil profile. 
Anaerobic water for instance will consume oxygen in your soil profile making your soil 



 

 

more compact and eventually it will retain less water. Heavy metals and insoluble 
salts have also been proven to destroy the capacity of your soil to maintain life. By 
understanding the condition of your water, it will enable you to make long term 
strategic adjustments. 
 
 

Air (20-30%) 

 

This is one of the few things we cannot force into our soils. Consistent ploughing, for 
example, has proved to reduce the oxygen level in our soil, increasing compaction and 
increasing the costs to prepare our soil. A combination of organic materials, micro-
organisms and certain minerals will result in the required soil oxygen levels. 
 
 

Minerals (45%) 

 

The only weakness of minerals is the ability to compact or erode. This could be 
summarized as a lack of sticking together (erosion) or a disability to separate 
(compaction). 

 

Dr. Albrecht (William A. Albrecht (1888–1974) PhD, emeritus Professor of Soils at the University of Missouri) found 
that the balance between compaction and erosion lies in the Calcium /Magnesium 
ratio within your soil. Both these elements have a higher positive polarity (below) than 
some of the other elements required for healthy plants. These two do have other 
important properties which are related to plant health. Calcium loosens soil while 
magnesium binds soil. 
 

Calcium and magnesium are major role players in soil and in plants, and with both of 
them using the same resources, it becomes obvious what is the root cause of many 
problems.  
 
 
 
 

  
 

Note how sand needs more magnesium to bind, while clay needs more Calcium to loosen the soil. 
 

http://en.wikipedia.org/wiki/William_Albrecht
http://en.wikipedia.org/wiki/University_of_Missouri


 

 

2. The Succession Scale 
 

For the next part on soil, the question is asked: “How does soil progress from where 
it was, once a volcano, to a forest a many years later?”  
 
 
 
To explain this we will use the following diagram: 
 

 
 

Bacteria are the pioneer (the first) organisms and are first to arrive after a volcano. 
This is therefore a bacteria dominated environment with no/low fungal activity. As 
time passes and the organisms become more diverse, the soil becomes more arable 
and the pioneer plants arrive, such as weeds and certain grass types. Their role is to 
break soil and create conditions in which broader leaved plants start to grow. These 
will start to retain more moisture and shade for the next type of plant to grow in, and 
so on. 
 

Weeds are thereby an indicator of the type of soil organisms that are prevalent in 
your soil and in this case it is bacteria. By eradicating the weeds recklessly will force 
your soil to remain in the pioneer phase. 
With the progression of the soil more organic material will be available and bring 
increased water retention and new life. Fungi are the only organisms that are made to 
decompose wood and hard organic matter. They will also only arrive if the biology 
within the soil is correct. The hierarchy of microbial life is: 
 
 

Bacteria ➨ Protozoa ➨  Nematodes ➨ Fungi 
 

These organisms and those which follow fungi are discussed in the Micro-Organisms 
section. Considering that forests do have a lot of organic matter to decompose, this 
explains the strong presence of fungi in forests. Keeping the Succession Scale in mind, 
it will allow you to move through the pioneer successions within a few months. 

 



 

 

Compost Tea and Effective Micro-Organisms are simple and inexpensive methods of 
achieving balanced soil biology. 
 
 
 

3. Micro-organisms 
 

They are the digestive system of soil, much like us and our digestive system. 
The following is more specific information and it must be remembered that most 
fertilizers and pesticides destroy all microbial life. This breakdown is based on how 
these organisms work naturally with the application information discussed in Bio-2. 
 

a. Anaerobic and Aerobic organisms (Very Important!!!) 

b. Ecological Role 

c. Types & Properties 

d. Balance 

e. Nutrient Recycling 

f. Natural Composting 

 
To get a quick overview of how the organisms work in soil please take a look at our “Theory of Soil” 
illustration. 
 

(a) Anaerobic and Aerobic organisms (Very Important!!!) 

Aerobic conditions are when there is a healthy flow of air (the oxygen) in an environment, while 
anaerobic conditions are when there is no/low flow of fresh air. Due to these organisms total 
dependence on water makes them inseparable from water and its conditions. Anaerobic water for 
instance will contain anaerobic organisms. 
 
Aerobic/Anaerobic Water: 
Aerobic water is that which we consider as healthy water, and does contain life such as fish and plants. 
Usually this water moves continuously, constantly stirring oxygen into the water. Used dams which are 
rain filled are generally well aerated. The easiest way to identify aerobic from anaerobic water is by its 
odour (smell). 
Aerobic water does not have a strong smell, while anaerobic water has a strong de-composition smell. 
With all that is known about water there is only one note to add, constant applications of anaerobic 
water is very detrimental to soil and is dealt with in Bio-2. 
 
 
The Soil Organisms: 
In a healthy environment both the aerobic and anaerobic groups of organisms are found, with the 
majority being healthy oxygenated organisms. Aerobic organisms are mostly beneficial organisms and 
can be reintroduced in soil with Compost Tea. Anaerobic organisms also have their role and can be 
introduced with Effective Micro-organisms (EM). 
The “Soil Food Web” (illustrated below) is an illustration of the food-chain of organisms, starting first with 
bacteria, which are invisible to the naked eye, and developing up to the organisms we can see such as 
earthworms and arthropods. 
 



 

 

 
 

 

 

It might appear complex but the most important thing that needs to be noted is that this food chain 
exists, and the management thereof will directly affect the health of your soil. 
 
 

(b) Ecological Role of Organisms 

 

- When organic material falls on soil, the organisms start to break the matter down into very small 

(0.002mm) plates called “collides”. When one looks at the polarity of this collide you will find that it 
has a very strong negative polarity. With most elements being positive polarity, this causes the two to 
bind into a healthy food source. 

 

Thus the Cation Exchange Capacity (CEC), which is the capacity of soil to hold and exchange elements, 
is directly related to your organic material content. 
 

 
 



 

 

 

 
 

 
 

 
 
- Soil organisms also support plant health by the excretion of many micro-elements from the materials 
they digest. In Types & Properties of these organisms we will discuss how they do nutrient recycling in 
your soil. 



 

 

 
 

- With all the physical activity below soil, the creation of air spaces increases root development and 

root depth, thereby allowing the plants to have a healthier reservoir with which to supply its needs. 
 
 
 
These photos are of cut-flowers grown in a tunnel, which have a crop rotation of about 12 weeks. They 
were taken at the same time, 6 weeks after transplant, but in different blocks. 
 

 
 
 
 

Relaxed Root structure 

(Biological Farming Methods) 
 
  These plants received Compost Tea and very little fertilizer which was 

chelated to reduce soil damage.  
 
 
 
 
 

 
 

 
 
 

Stressed Root Structure 
(Normal Symptomatic Methods) 

 
  These received a weekly dosage of four different types of chemical 

fertilizer. Roots could not penetrate soil either due to compaction or 
chemical imbalances. 

 
 
 
 
 
 



 

 

(c) Types & Properties of soil organisms 

 

By understanding the types and properties of the basic organisms, you will be able to make quick 
judgments regarding materials, and whether it is usable or still needs to decompose. Organic material 
that is not fully digested needs extra Nitrogen to decompose, the same element (N) your plant needs to 
grow, and this then places them into competition with one another. As mentioned in the “Succession 
Scale”, each type of organism has its own unique position. By using this scale we can say for example 
that compost with fungi growing in it is well matured and healthy, and it will benefit your soil. 
All micro-organisms have a basic Carbon:Nitrogen (C:N) ratio, which are the basic building blocks to 
life. This highlights the importance of the correct C:N ratios within composts and soil. 
 
We added all the relevant information of these organisms in terms of Biological Farming. 
 
 
Bacteria 

 

They are the smallest and the first to arrive when placed under the microscope usually just looks like a 
blob of moving organisms. 

  
 
There are millions of types of organisms but it should be noted that “Nature demands diversity”. 
Bacteria has a simple C:N ratio of 5:1. Translated, this means that for every 5x Carbon's the organisms 
use it will require 1x Nitrogen as well. 
 
Protozoa 

 

There are three main groups of protozoa namely Ciliates, Flagellates and Amoebae. Each has its own 
unique environment in which it wants to live. Bacteria can be considered the buck, and Protozoa are 
the lions. Protozoa have a general C:N ratio of 25:1. 
 
 
Ciliates 

 

  
 

Ciliates feed mostly on anaerobic organisms and a high population of Ciliates will basically indicate that 
your soil/compost is turning anaerobic. 



 

 

 
Flagellates 

 

 

  
 

 

”Flagellates feed mostly on bacteria/archaea. Nematodes do feed on flagellates and some ciliates feed 
on flagellates”. ( http://www.microbeorganics.com/ ) 
These organisms can help indicate whether your soil/compost is aerobic and healthy or not. 
 
 
 
Amoeba 

 

  
 
 

 

Amoeba is one of the few organisms we were shown at school. It is the most difficult organism to 
promote due to its sensitivity. They are however an indicator of well digested and aerobic compost and 
soil. 
 
To test for the presence these organisms can be done at some laboratories and it is recommended that 
composts used for food purposes be tested. Healthy compost will deliver healthier products, and with 
the same analysis, other organisms such as 'E Coli' and 'Salmonella' may be identified and verified. 
 
 
 
Nematodes 

 

Nematodes can cause a lot of problems within the agricultural industry, and to solve this problem the 
use of pesticides have been recommended. Pesticides however kill indiscriminately, which means that 
they kill the beneficial Nematodes too! The ratio between beneficial nematodes and detrimental 
nematodes is 4:1. By destroying all nematodes it will reduce this ratio to 1:1 making it difficult for the 
beneficial nematodes to outgrow the detrimental ones. Thus once again, “Nature demands diversity”. 
 
 

http://www.microbeorganics.com/


 

 

To show a view of the nematodes in a normal environment will make identifying them difficult, and these slides are only an 
illustration of them in singularity. 
 
 

  
 
The main groups of nematodes are the Plant-feeding, Bacterial-feeding and the Fungal-feeding 
nematodes. 
Ecologically friendly methods of solving a nematode outbreak will not destroy the rest of one’s soil 
biology, thereby allowing one’s soil to move forward on the succession scale and not backward. 
Nematodes have an average C:N ratio of 250:1 
 
 
Fungi 
 

Fungi are basically designed to break down organic/carbon matter. They are a good sign in terms of soil 
biology indicating that the soil has an active food chain. Fungi rarely show themselves in conditions 
without a healthy food chain. By establishing fungi in your soil will indicate that you have moved 
forward on the Succession scale. 
 
 
The main groups of Fungi are: 
 
 
Mycorrhizal Fungi  

 

 

  
 

 
Mycorrhizal Fungi lives in symbiosis with plant roots and supply nutrients such as Nitrogen (N) and 
Phosphorus (P) to the plant. They also feed on certain nematodes. It has also been proven that by 
introducing mycorrhiza into your soil it assists to increase water retention drastically. 
 
 
 



 

 

Saprophytic Fungi  

 

  
 

Saprophytic Fungi feed on organic matter by which process they recycle any organic material back into 
'collide' sized humus. 
 
Fungicides that are applied to control certain plant-fungal diseases have the same effect as pesticides. 
They kill indiscriminately moving one backwards on the scale towards pioneer soils. With a few 
adjustments the damage caused can also be reduced, allowing ones soil to return to normal conditions 
as quickly as possible. 
 
 

(d) Balance 

 

Biodiversity is the key to healthy soil biology. By nurturing one’s soil with the basic requirements, it 
will return one’s soil capacity to the state to maintain life. With a bio-diverse environment the natural 
laws take effect, and between all the organisms in the soil, one or more will either; 
 

■ Predate 
Certain organisms (e.g. Nematodes) would feed on the growing numbers of the potential 
problematic organism (e.g. Botrytis a fungi), thereby limiting their growth. 

 

■ Inhibition 
Bacteria could inhibit another problematic insect or micro-organisms by feeding or irritating 
its eggs or means to procreate. 

 

■ Competition 

 

Like with the two approaches mentioned above (predate and inhibition) it works much like 
nature as we know it. There will be other organisms that would eat the same resource, 
making an outbreak of a specific organism much less likely. 
 

 
These three methods of approach will be an indicator that will get one asking why there is food for 
the problematic organisms to thrive on. Our evaluation will enable us to find a progressive solution 
based on conditional changes. 
 
 

(e) Nutrient Recycling 

 

With active soil biology, nutrient recycling can take place, which releases readily plant accessible 
nutrients into the soil. The agricultural industry is the only industry that can repel the chemical 
poisoning happening back to its source. The chronic overfeeding of fertilizers has disrupted the natural 
process of soil. 
 
The following schematic diagram has many variables in terms of the different types of organisms and 



 

 

their requirements, but the principal of nutrient recycling stays the same. Organisms consist of a 
Carbon : Nitrogen ratio, of; 
 
 
 

 
 
 
 
 
In theory all the nitrogen that plants need is in the air above it, because that is what our air consists 
off, at least 70% nitrogen The respiratory actions of organisms also recycle air into usable foods. That is 
how a forest survives without anybody supplying nutrition. 
 
Amino-acid's are also produced by soil organisms which dissolve small amounts of minerals by which 
other elements become part of the food chain. 
 



 

 

 (f) Natural Composting 

 

In a natural environment organic materials will settle to the ground, decompose and be recycled. Due 
to agriculture's needs to remove the produce for sale and usage, soil has been seriously depleted of 
carbon. The large volumes of compost needed to distribute over large areas was more often than not 
impossible. 
 
To restart the cycle of natural decomposition it must be remembered that all organic materials can be 
composted, some might take longer for example where there are traces of chemicals and antibiotics to 
be found in the materials. These materials should be able to break down quite quickly, except in 
environments where chemical fertilizers and pesticides are used. These destroy the digestive system, 
but with adjustments to one’s fertilizer usage, we can limit the damage of our soil biology. 
 
To re-introduce organisms in soil, the discovery and use of Compost Tea and Effective Micro-Organisms 
is advocated here. By using these organisms to re-activate our soil biology, any organic materials can 
be broken down naturally and also be re-introduced simply and effectively after the use of fertilizers. 
With a healthy soil profile more soil will be available to take care of the plants in optimal conditions 
Methods of natural- and other composting are discussed in Bio 2. 
 
 
 

4. Current Condition 
 
Summary of Current Situation: 
 
 

Soil 

 

- Soil carbon levels are mostly drained out; 
- Low/No microbial diversity and activity; 
- Deteriorating soil profiles, such as compaction or erosion; 
- Serious chemical imbalances which affects the plant's health 
- Mineral and chemical build up, resulting in a high EC (Electrical conductivity) Mostly insoluble salts; 
- Low water retention; 
- Minerals leach out of soil quickly, due to the low CEC (Cation Exchange Capacity); 
- Soil borne diseases become more frequent; 
 
 

Plants 

 

- Low resilience to pest attacks which in time, become plagues; 
- Low resilience to climatic changes; (Droughts and Floods) 
- Rapid changes in plant health/colours, requiring constant attention and dosages; 
- Weak stem and root development; 
- The appearance of constant Nitrogen shortages; 
- Slow recovery after fertilization or pest control; 
 

Produce 

 

- Uneven growth, influencing harvesting; 
- Low Nutritional value which affects our health; 
- Very sensitive produce with a low shelf life; 
- Pesticide traces on our food are not uncommon in the market; 
- Taste is affected, with some vegetables having a bad taste, e.g. tasting like water or chlorine. 
 



 

 

Financial 

 

- The increase of chemical fertilizer prices; 
- Pesticides and Herbicides general costs; 
- The general increase of running costs just to fertilize and prepare soil; 
- Lower quantity; 
- Quality produce output. 
 
 
 

5. Natural Resilience 
 

All plant's natural resilience is directly dependent on the soil they are in. With active 
soil profiles the root development are strong and deep within your soil thereby 
lowering the damages of water shortages and floods. With general water retention 
increase the need to irrigate will also be reduced. 
Pest and plague outbreaks will also be reduced because the high biodiversity of 
organisms will either, out-compete, predate or inhibit any organism that becomes 
too dominant. Strong plant health, which is based on soil health will also prevent 
outbreaks and simplify disease control. 
 
 
 
 

6. General Soil Assessment 
 
 

To be able to put down a benchmark/level of understanding, of our current soil 
condition, does give us the advantage of making short term and long term 
adjustments. This can be done in conjunction with lab analysis, yet in many situations 
it does not justify the costs. 
A self assessment can be done, which can then be used at any time. With just a few 
bits of information about the soil and plants, one can get a quick holistic view of the 
conditions within the soil. Combining the understanding of soil and its requirements 
gives one the ability to make quick and applicable changes and purchases. 
By using the guidelines included in this assessment, will guide one to an informed plan 
of action. 
 
 
 
The page is designed to supply you with any information you might need. 
For simplicity in assessing your soil conditions it is recommended that the checklist is printed and 
completed using the supplied guidelines, and if any assistance is required please complete the online 
checklist and we will get back to you. 
 
 



 

 

 
 
 
 
 
Upon completion, the following procedure can guide you to an effective approach. 
 
 

 
 
 

Please note that this is a self assessment, and the more accurate the information the clearer the 
picture becomes to you. 
 
 
 

Upon Completion of the Checklist 
 

 

The assessment focuses on three main categories which are Soil, Plants and Nutrition. We have added 
three examples on how to approach your checklist outcome's, with that of the information supplied in 
Bio 1. 
Only the information applicable to soil is used in these examples with plants and nutrition information 
discussed separately. This in other words is not the whole checklist, only soil's components. 
This is the final part of Bio1 – “Soil”, with the information on where and how to apply, being discussed 
in Bio 2. 
 
 

 
 
 

Example 1 - Soil's components 

 

Example 2 - Soil's components 

 

Example 3 - Soil's components 

 
 

 
 
 
   

______________________________________________________________________________________

End of Bio 1 - Soil 

https://drive.google.com/file/d/0B9hvIAOpdVGiOER1MGNvOVgyYWM/edit?usp=sharing
https://drive.google.com/file/d/0B9hvIAOpdVGiS0hNRU1lWDM1aDA/edit?usp=sharing
https://drive.google.com/file/d/0B9hvIAOpdVGiUE92MWp6S0ZqdTg/edit?usp=sharing

