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June 2017 Biological Farming Roundtable Introduction
What: The Biological Farming Roundtable was held at the NutriSoil Production and Education
Facility on Thursday the 29th of June, 2017.
Why: The aim of the Biological Farming Roundtable is to initiate discussion on biological farming,
helping farmers explore innovative, low input, regenerative, profitable and productive farming
systems. The group supports each other’s journey in an emerging regenerative agricultural paradigm
where dominant conventional views can often be a barrier to change and success.
Who: This BFR was facilitated by David Hardwick and David Cook

What’s to come for 2017?
August 31st : David Hardwick – On Farm Bugs and Brews.
October 26th : Implementing Biological Methods to Address Soil Constraints - Tocumwal Field Trip.
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PRESENTER 1: David Hardwick
Reasons to use a soil test
If read correctly, a soil test tells a story of your soils current foundations and potential. It can
indicate things such as; is your soil efficiently cycling nutrients, creating structure for root movement
and gas exchange, or building top soil. Traditionally soil tests have been used to measure nutrients
needed for fertiliser application, which ironically can lead to degraded soil health, reduced nutrient
cycling, structure and soil building capacity.

What things on my soil test tell me about my soils foundation?





Organic Matter
Total Organic Carbon
C:N ratio
Labile Carbon
Always do regular visual assessments with a spade. A soil test gives you a good base of
information, however your observation and assessment is also an essential tool to assess
and monitor your soil and should be done on a regular basis.

The history of how nutrient testing is developed.
In the 1850’s Europe went through an industrial revolution where machines changed people's way of
life, as well as their methods of manufacturing. Chemistry also started advancing rapidly. This is
when phosphoric acid and soluble phosphorous was discovered.
Wheat plants had astounding growth from soluble phosphorous, but the ideal application rate and
long term soil health consequences were still unknown. Scientists also found mild acids in the soil,
leading to the discovery that plants were making acids to access their nutrients.
Early soil testing methods began with smashing the soil and trying to dissolve the P off with an acid,
then counting the phosphorus.
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What’s the problem with this method?
Soil samples from field conditions are shattered for laboratory analysis. This changes the conditions
of the soil leading to less than accurate measurements in soil tests – that’s why soil tests are not
100% accurate, it’s been modified completely through breaking all of the binding mechanisms
through the shattering actions.
One of the early phosphorous tests was by Dr Morgan (The Morgan Test). Then Dr Bray came up
with another method (The Bray Test). Victoria mainly use the Olsen method by Dr Olsen, which is an
adaption of the Colwell test created by Dr Colwell.
These all test available phosphorous, but hidden away is a total reserve of phosphorous.
Depending on your rock type you can have a little or a lot of P. The total P on these tests are
measured with a total acids test – however, it is still estimated. If you spend a lot of money and get
an assay test, like a mining company or the CSIRO, you would get a bigger fraction.

What do plants need? How can we tell if they are getting these from
the soil test?
Plants contain up to 60 elements though only 16 are essential for plant growth.
From Air and water - Carbon (C), Hydrogen (H), Oxygen (O)
From Air and Soil - Nitrogen (N)
From Soil - Phosphorus (P),Potassium (K), Calcium (Ca), Magnesium (Mg), Sulfur (S), Boron (B),
Chlorine (CI), Copper (Cu), Iron (Fe), Manganese (Mn), Molybdenum (Mo), Zinc (Zn).

Plants access nutrients through microbes actively cycling organic
matter.
For your plants to access nutrients you must have microbes actively cycling organic matter and
converting the nutrients into a plant available form. To have actively cycling organic matter there are
a number of characteristics your soil must have:
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A good amount and diversity of microbes: microbe’s breakdown organic matter, in doing so
they consume oxygen and release CO2. Aeration is an important factor that regulates the
breakdown of organic matter so oxygen can come into the soil and CO2 can be released
from the soil.



Aeration: Soil structure is important for gas exchange (O2, CO2, N). If pores of the soil are
compacted or fill up with water, your microbes will die and organic matter will continue to
build. For example, peat soils are often in wetland environments, they have high organic
matter because there is too much water in the structure of the soil for healthy microbial life
and organic matter continues to accumulate.



Temperature: Microbes do not like low temperatures. Just like we use a fridge, which is at
about 4 ° to stop the bacteria growing on our food, the same happens in the soil. On a cold
winter’s day when the soil temperature is lower than between 6-10 ° degrees, microbes are
mostly inactive. This is why when you add a biological fertiliser like worm leachate or
compost tea, it’s best to work with the plants active growing time when the soil temperature
is higher.



Moisture: It has been mentioned that too much water will kill microbes. Not enough water
also limits microbes. Microbes are simple cells and do not have legs. They do have tails that
propel them through the water solution. If there is no water in the pores of the soil then the
microbes will not be able to move and nutrient cycling cannot occur.



The pH of a soil indicates if you have an acid or an alkaline soil. Microbes are living
organisms, like us they will burn in an acid or an alkaline environment. The ideal PH for
microbes to cycle nutrients it between 6 and 8. In biologically managed farming systems you
can have acid or alkaline soils with a healthy rhizosphere which buffers the plant from these
conditions.



Residual toxic chemicals from fungicides, pesticides, and herbicides will inhibit microbial life,
hence, nutrient cycling.
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Carbon to Nitrogen Ratio. Carbon is sugar, like us, if microbes feed on sugar only, they would
die because they are not getting enough nutrients to do the biochemical functions their
body needs. Balance is essential.

What is organic matter on my soil test?
Organic matter is:


derived from living organisms, not from rocks. The organisms involved include plants, animals as
well as macro (worms etc.) and micro (bacteria, fungi etc.) fauna.




partly residues resistant to decomposition known as humus;
based on a carbon skeleton, anything that is inorganic has no carbon. A carbon skeleton refers to
elements in the organic matter joined together in a chain with organic nutrients such as N,
Phosphorous and Sulpher.
C-C-S-C-C-C-N-C-C-N-P-C
The microbes use oxygen and enzymes to break the chains of the organic matter skeleton for food.
In the process they release CO2, H20 and energy and enable nutrients in the chain to transition into
a plant available form.
As the organic matter becomes more complex hexagon rings as opposed to straight chains begin to
form. These rings are more difficult for microbes to break apart and is the portion of the organic
matter that is moving toward residues resistant to decomposition (humus).



made up of 57% Carbon, the rest being gases and nutrients such as Hydrogen, Oxygen, Nitrogen,
Phosphorous etc.



The percentage of organic matter can be calculated by measuring the organic Carbon with either an
acid or a heat test (in a lab) and then multiplying it by 1.75.
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provides the energy and nutritional base for soil microbial growth. The organic matter is broken
down by microbes that use enzymes to yield energy, (the same way we use sugar for energy.) The
enzymes are produced by the microbial population.

The importance of organic matter for plant growth.
1. Stores nutrients
While nutrients especially N, P, and S are bound up in the structure of organic matter, they are
not immediately available for plant uptake but they are not prone to loss from soil by leaching.
They can eventually be released for plant uptake through microbial decomposition through a
process called mineralisation.

2. Nutrient retention


Not only are nutrients bound in the chemical structure of organic matter as described in
above, they can be retained by attraction to the surface of organic matter.

3. Binding


The organic matter binds individual soil particles into stable structural aggregates which
influence the movement of air and water as well as the ease of root penetration through
soils.

4. Energy


Organic matter provides ‘energy’ for soil microorganisms. Without these organisms,
nutrients would not be released from organic matter into plant available forms.

5. Protection


The surface soil is protected from rain drop or machinery damage where mulches of organic
residues are present. Organic mulches and stubble reduce the formation of crusts on the
soil surface. These crusts impede germination and restrict entry of rainfall into the soil.
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What is organic carbon on my soil test?


Total organic carbon is a measure of the carbon contained within soil organic matter, such as the
skeleton chains and rings mentioned above.
C-C-S-C-C-C-N-C-C-N-P-C



It is derived from living plants or animals. Organic matter is made up of 57% Carbon, the rest
being gases and nutrients such as Hydrogen, Oxygen, Nitrogen, Phosphorous etc.



Organic Carbon has concentrations of about 1-5% in most soils in Australia, that is, 1g of carbon
in every 100g of soil.



Organic Carbon is measured in a laboratory with either an acid or a heat test.



To make sense of your Total Carbon you need to be able to compare against a similar
management style and land location. E.g. 1.8% Carbon in a grazed sheep paddock in Southern
NSW could be similar to other paddocks in a similar area with the same management style.



Then you need to set yourself a target – e.g. the goal could be to double it to 3.5%, you would
then manage your land according to your goal e.g. Change grazing management practices, add
organic inputs, increase diversity, reduce stocking rates if necessary etc.

The relationship of organic matter and carbon?
Sequestering Carbon as CO2 through plant photosynthesis and keeping it stored in stable forms in
the soil (humus) via appropriate farm management practices is important for soil water holding
capacity, nutrient retention and reducing global warming.
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Organic matter which contains Carbon is necessary for mineralising nutrients into plant available
forms, feeding microbes, creating soil structure and protecting soil surfaces. Efficient cycling of
organic matter leads to stable Carbon storage (Humus).

Labile carbon
Another measure on your soil test that estimates how much Organic Matter in the soil is Humus and
how much is actively breaking down each year is the Labile Carbon percentage. Labile means
digestible or easily broken apart (think of the skeleton chains C-C-S-C-C-C-N-C-C-N-P-C).
As mentioned above it’s important to have both active and stable organic matter (hexagon rings
more difficult for microbes to break apart as a food source.

Labile Carbon is the difference between stable organic matter (hexagon rings) and active organic
matter (straight chains with nutrients in the chain and attached to the side of the chain). If you have
too much C cycling you are unable to create the hexagon chains that build stable long term C
essential for water holding capacity, nutrient retention and carbon sequestration.
Sometimes you may need to request this test to be included e.g. labile carbon is not often on a test.

Carbon to nitrogen ratio (C : N)
The Carbon to Nitrogen Ratio measures different levels of digestibility.
For example:




Wood could have a C:N ratio of 400:1
Grass could have a C:N ratio of 15:1
Dry Hay could have a C:N ratio of 30/50:1
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Different levels of C:N indicate how quickly the animal can digest the pasture, and the microbes can
mineralise (make plant available) the organic matter. As mentioned above, C:N ratio also measures
the amount of sugar or carbohydrates (energy), compared to the nutrient of the organic matter or
pasture.
If the C ratio is too high, Organic Matter will decompose slowly, it’s too woody and the microbes will
not function well without essential nutrients. High C:N ratio also results in microbes hold onto the
Nitrogen in their bodies (this is called nutrient immobilisation) because there is not enough Nitrogen
available for their growth and reproduction, causing Nitrogen deficiency in plants.
An example of this is the ‘tie up’ of N after incorporation of straw or bark. This is seen as yellowing
of the plant leaves due to N deficiency.
Anywhere between a 10:1 and 20:1 will give you enough digestibility for pasture.

CEC (Cation Exchange Capacity)
CEC is an indication of the amount of negative charges on your soil and is a measure of your soil
fertility. It measures the part of the bucket in the soil which is highly exchangeable, where cations
(positively charged nutrients) are held through electrostatic forces onto anions (negatively charged
clay particles and organic matter). Simply put, negatively charged soil particles attract the positively
charged nutrients (cations).
Tip: A good way to remember that a cation is positively charged is to notice the “t” in the word
cation.
Low CEC soils find it difficult to hold onto nutrients. E.g. sandy soils need to be given smaller
amounts of nutrients more regularly than clay soils.
High CEC soils (clay soils or soils with high organic matter levels) tend to have better fertility due to
nutrient and water retention. They are able to hold onto larger applications of nutrients.
CEC relates to the fertility of soil, however, biological life in the soil is the key to maximising your
CEC. The nutrients held by clay and organic matter need to be converted enzymatically to plant
available nutrients by the microbes and made available to the plant.
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Nitrogen
Most of the Nitrogen (95%) is held in the soil is in the organic matter whether it be plant roots,
living bacteria, or dead matter. The other 5% is soluble at any one time, it can fluctuate on
consecutive soil tests. On your soil test you may have available Nitrate or Ammonium, however,
this is only 5% of the story. Nitrogen is difficult to measure, it changes depending on temperature,
pH, water availability, crop choice, soil management etc., Nitrate and Ammonium levels can go up
and down like a yoyo.

Key benchmarking
No matter what type of soil test you have whether it’s a SWEP, EAL or Nutri-tech. You need to ask
for what you want in the test and the method you have a benchmark for including the units e.g.
kg/ha, %, ppm.
The Haney test measures the Nitrogen and other nutrients from the organic matter (which is the
other 95% that we do not take into account in your standard soil test). This test is an integrated
approach to soil testing, using chemical and biological soil test data. It is designed to mimic nature’s
approach to soil nutrient availability as best that can be done in the lab.

PRESENTER 2: David Cook
A story of resilience and growing for good.
David Cook operates a mixed farm located near Shepparton VIC. Before taking over from his father,
David had studied Rural Science at University and was a practicing agronomist for eight years.
During the 1990s, his farming system had up to 11 enterprises. Dry land enterprises included
Lucerne, sub and rye grass pastures for hay and grazing, wheat, triticale, lupins, faba beans, 1200
first cross ewes producing second cross lambs and store lambs fattened on faba bean stubbles and
dry land lucerne.
Lucerne, shaftal and white clover for either seed, hay or silage, as well as cereals including wheat,
export oaten hay and canola, were all under grown on flood irrigation.
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The mid-2000s was a dry time; irrigation was shut down by the Government; the pastures were
hardly producing anything, the crop stubble was not able to be grazed because they were rapidly
losing top soil and grazing paddocks had little feed or ground cover. Significant quantities of hay,
silage and grain produced on farm was being fed to sheep, rather than being sold. His hand was
forced, and sheep were removed from the farming system.
In response to this, David decided to go to a continuous cropping system. Over the years, through
trial and observation of the effects of their practices, they made changes to their seeding system.
First they used a two pass mid-till system with a scarifier and baker combine, followed by a set of
harrows. They would then direct drill straight in with the combine on narrow points. From full
cultivation with multiple passes until the early 1980s, Neville, David’s father moved to a one pass,
but still full cultivation, system with the combine hooked up behind the scarifier, which David
convinced his father to drop off in the early 1990’s and direct seed with 2” points on the combine.
When David returned to the farm in 1997, they progressed to direct drilling with a Shearer combine
and knife or super seeder points, with a set of RFM roller harrows.
When David and his father decided to go to a full-time cropping system, they decided on a Cross Slot
no-till system. At this time, David became involved in the Vic-No-Till Farming Association (VNTFA), a
group of like- minded farmers led by an active board. David now sits on the board of VNTFA and
enjoys assisting other farmers who are seeking regenerative change.

The past and the floods
Between 2010 to 2014, due to successive wet seasons, David was not able to get his entire crop
seeded in the typical autumn window of mid April to May. This allowed a number of opportunistic
summer crops to be trialled including sunflowers, sorghum, mung beans, safflower, lab lab and
millet. David has flat, heavy duplex soils. In his current system, when they got wet, they would stay
wet. Floods and soil compaction led to hundreds of thousands of dollars in lost crop income.
Since 2005, David had tried to eliminate all broad spectrum insecticides. Some seed dressing
insecticides were still applied. Faba beans were an exception and required a single broad spectrum
insecticide in the spring to control Heliocoverpa; if the damage was not picked up early in these
pulses, the financial reality was a drop as much as $100 per tonne.
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Manipulating a natural system
David was always looking at efficiencies and how he could push the system further. He had the
knowledge from his university studies and agronomy experience on how to manipulate the system
to get as much yield as possible, and he did it well. A quarter of a million dollars was spent on
fertilisers and chemicals each year. It was a high input, high yield system.
Crops were being punched out at:
5-7 tonne in dryland cereals
2-3 tonne in canola
2-3 ½ tonne in faba beans
In a system that was being pushed to its highest yield capacity, more fungicides were used. Every 2
or 3 years, there seemed like another problem would arise that would needed counteracting. It was
a very reactive system, and David began to question his practices.

Nuffield scholar, Vic-No-Till Farming Assoc (VNTFA) & trials
In 2012, David’s questioning led him to apply for a Nuffield Scholarship. He was accepted to study
cover crops, nutrient use efficiency and fertiliser application methods. Through this study David was
given the opportunity to travel the world, visiting productive and profitable farms that were using
cover crops; making more efficient use of the reduced fertiliser rates used and building organic
carbon levels.
David’s VNTFA community provided on farm opportunities and connections both in local areas and
international. On farm sessions were attended and essential networks formed. David found that
immersed in his difficulties and systematic ways, change was hard to envision. Having the input of
other farmers experiencing the same anxieties gave David strength to push forward in his ideas for
regenerative change.
There have been many knockers, and at times painful family resistance, however, with exposure to
the results on other farms, his purpose for change was robust enough to maintain his direction with
regenerative agriculture.
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The present
Currently, out of the 1400ha property, David has only 80ha in monoculture. The share farm area
consisting of 240ha has low levels of MAP (50kg/ha) applied (part of his current share farm
agreement), with the remainder of the property having no fertiliser in the system. His cropping
program includes:
A companion mix of 9 species; including canola, oats, barley, peas, vetch, sorghum, millet,
sunflowers and corn.
Wheat, peas, vetch, and sunflowers.
Faba beans, oats, and barley.
Later in the companion cropping system, herbicides are used to remove the plants which will not be
taken to harvest, returning organic matter to the soil and giving an opportunity for the crop to be
harvested to excel.
There is 60ha of a multi-species mix that is mob grazed with cattle and in transition to permanent
pasture, with the aim to trial pasture cropping in the future. Another 50ha of Lucerne has been
seeded with winter wheat, winter oats and barley, with the aim for the cattle to graze in the spring.
Instead of working to manipulate the system to suit his farming program, David has changed his
farming system to work with the environment. To collect and store the large amounts of rainfall,
David uses the diversity of plants to utilise the water and keeps summer cover all year round. Plants
in association with microbes work as nutrient solubilises; different species develop different root
systems, some have long tap roots, others develop a matting structure. These roots bring to the
surface various nutrients, build soil structure, organic matter, and aeration. Different microbes are
attracted to different plants evolving a whole new soil food web community that work in synergy
with plants who deliver nutrients to microbes in exchange for plant exudates (sugars from the plant).
In this system, organic matter is consistently returned to the soil, the soil develops a sponge like
characteristic to collect and hold the water, organic carbon is built, and the nutrient cycling process
is humming.
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Value adding and stacking the enterprises
To value add to the farming system, David has recently purchased the Pine Lodge Hotel, which came
up as an opportunistic purchase, due to foreclosure, and is only 5 minutes from his property. The
vision for this enterprise is to bring agriculture, soil health, human health and the community
together. Plans are to stack enterprises produced on the farm such as chicken, beef, sheep,
vegetables and grain for bread and flour, as well as sourcing local produce from other growers in the
area such as fruit, milk and cheese. A farm gate to plate style café and restaurant will be launched,
as well as farm tours of the property for groups of students, tourists, and interested farming groups.
An already established backpacker style accommodation section for fruit workers, schools, sporting
and hobby groups is currently set up at the hotel and will be re-opened in late 2017.

Deep ecology
David now works with nature’s patterns and has a deep ecological understanding of soil, animal,
human health and the community. Diversity and organic carbon are the number one drivers for
every management decision made on the farm. There is no doubt that David is a leader in
regenerative agriculture.
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