


For every 1% increase in organic carbon, to a depth of 30cm (12 inches), the soil is able to store an extra 
144,000 litres of water per hectare. This is in addition to the water-holding capacity of the soil itself. 

It is the reduced bulk density in the soil under perennial grasses that answers the question proposed 
at the beginning of this chapter. (Why is it always easier to hit a steel post into the middle of a 
perennial grass plant, than between them in areas of hard and capped soil?)

MAKING TOPSOIL
It has already been discussed how important the topsoil is for landscape health and production 
capacity, so it is critical to maintain it, or repair it where it has deteriorated.

I quote Christine Jones (Australian Farm Journal Aug 2005): 

“Despite beliefs to the contrary, soil is a renewable resource. Growing new soil is very 
much like growing a tree. Both processes require carbon dioxide, water and light to fuel 
the production of photosynthetic materials.

In trees, some of the carbon sequestered from the atmosphere combines with other 
elements to form new wood. In the upper horizons of soil some of the carbon sequestered 
from the atmosphere via green plants combines with weathered mineral particles to form 
new topsoil. Animals and microbes are an essential part of this equation. 

To take the analogy full circle, when the carbon compounds that provide structural integrity 
and productivity to soil decompose, carbon dioxide is returned to the atmosphere, as 
happens during the combustion (burning) of timber. If the carbon pool is not maintained 
in soil, the resultant mineral soil bears as much resemblance to living soil as ash bears to 
wood — ashes to ashes and dust to dust.”

 

Figure 19:  A shrub establishing on top of a large rock on a retainer wall, after debris 
from plants growing nearby accumulated and created soil.
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Figure 20: Antarctica - “Because of the dry and cold conditions, few plants grow, so there are no topsoils 
with organic matter in them.” (Quote in the “International Antarctic Centre” Christchurch, New Zealand.)

Photo supplied by Dr Paul Broady, University of Christchurch NZ.

When new topsoil is forming, it will have better structure and will contain more air and more pore 
spaces than degraded soil, so the bulk density will be less. That is, a given volume of new topsoil will 
weigh less than an equal volume of non-living mineral soil.

The processes that build new topsoil require more carbon to be stored in soil than is lost to the 
atmosphere as a natural part of the carbon cycle.

Figure 19 and 20 highlight the importance of plants for productive soil.

Animals play an important role in soil formation. They keep plants healthy, if managed correctly. They 
help recycle nutrients, which in turn reintroduces more carbon via increased plant growth. Manure is 
plant parts progressing towards the humus form. Some animals and birds dig and incorporate litter 
into the soil. Locking up country is not always the best long-term outcome for landscapes if there 
is a deficiency of animal activity. There needs to be disturbance in the form of removing some plant 
parts and recycling them.

MEASURING SOIL CARBON
Organic matter is a collection of carbon compounds, not pure carbon, which in itself leads to 
confusion when carbon levels in the soil are discussed. It is for the purpose of bringing everything 
back to a common denominator, that organic carbon is measured.

Organic carbon is a relatively constant proportion of soil organic matter and is usually about 58%. (It 
is the nitrogen percentage that changes) This is similar to carbon content being relatively constant in 
trees at about 50% when moisture is removed and 45% in grasses. 

Brian Tunstall quantified carbon when he said, “A 1% change in organic matter to a depth of 10cm 
(4 inches) represents around 5.8 tons/ha of carbon. An average increase of 2% organic matter to a 
depth of 30cm (12 inches), which is readily achievable in many clay soils, represents a sequestration 
of 35 tons C/ha or 128 tons of CO2 per hectare with an assumed bulk density of 1.” 
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When measuring the change in carbon content of the soil, care has to be taken to measure the same 
soil. This is because the original soil expands with the addition of organic matter and the resultant air 
pockets. If the original measurement was to a depth of 30cm, then the second measurement has to 
be deeper to compensate for the soil expansion.

GRASS REGENERATES SOIL QUICKER THAN TREES
The carbon sequestration potential of soils is substantial. Below ground, carbon storage capacity is 
more than twice that of above ground storage (ie soils versus plants and trees). This is highlighted in 
Figure 2 on page 9 showing carbon pools. 

Good grass management can have important carbon outcomes, and we should not focus only on 
trees with climate change. Jeff Corfield, CSIRO Eco-Graze Project, highlighted the need for an all 
inclusive approach when he said, “The tropical savannas of northern Australia store about one-third 
of Australia’s terrestrial carbon. Trees are a highly visible form of carbon storage and they receive a 
lot of attention. However, perennial grasses are also important in terms of carbon storage, because 
their roots and associated organic matter make a valuable contribution to soil organic carbon.” 

Grasses do not have the ability to form tap roots; they develop a fibrous root system of fine roots. 
Grasses per unit area are better stores of carbon, because they have so many roots below the ground. 
It is not so much the leaves, but the roots of the perennial grasses that add the carbon. It is 
the rate of turnover of perennial grass roots that makes them build up soil carbon. They have developed 
the process of growing roots, which die back to some extent and then regrow with further rain. Their 
contribution to soil carbon is enhanced by their ability to grow roots quickly. Trees are localised which 
is why perennial grass is a more important trapper of carbon than trees in many landscapes.

“Because humic materials are continually being generated by the decomposition of grass 
roots, grasslands regenerate soils far quicker than do forests.” (Dr Christine Jones). 

GRDC “Groundcover magazine” June 2004, reported my approach of using Old Man Saltbush as a 
management tool to rest pastures after rain. In the same article, Dr Chris Mitchell, then CEO of the 
Cooperative Research Centre for Greenhouse Accounting, supported the outcomes of my approach 
which improves the pasture’s health. He said, “We know that grasses with healthy roots are able to store 
a surprising amount of carbon and in terms of the sustainability of the landscape, it’s a big issue.”

Personally, I am a great supporter of savannah landscapes as they are the best of both worlds. 
The deep rooted shrubs (especially the edible ones) and trees support the production and carbon 
storage of perennial grasses by recycling the nutrients that leach below their roots. Trees do this by 
dropping leaves on the soil surface, which soil microbes then utilise to make the nutrients available 
for the grasses again. Edible shrubs recycle the nutrients the quickest, through ruminant animals. 
When the trees are too thick, there is no sunlight to allow grasses to regenerate the soil.

If savannah landscapes become over populated by trees or lose their perennial grass cover from 
excessive grazing pressure, then soil erosion and loss of topsoil becomes an issue; especially as 
gradient increases.

CONCLUSION   
I quote CSIRO scientist Van Bushby:

“Through management of what goes on top of your soil, you can have a huge effect on 
what happens to the biology below the surface. Put another way, because there is a link 
between all living things, what happens below the soil surface influences what happens 
on top (ie yield and profitability).”
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Soil bacteria contribute to the cycle of life by converting organic matter into the nutritional elements 
needed by all plant life. This is just a continuation of the notion that one life is reliant on a previous 
life. Notice how all living things, be they plants, animals or soil life, have to be recycled when they 
die, to make them suitable for plants to start the cycle of life off again. Increasing biological activity 
increases nutrient recycling for plant food. Almost every soil nutrient has to be transformed by one 
soil organism or another to make that nutrient available to plants.

Soils with higher carbon levels are inherently more fertile over time because soil biota/microbes are 
more active. The best way to maximise organic matter addition to the landscape is to grow healthy 
productive pastures. A healthy perennial grassland will have a higher microbial biomass and greater 
soil water-holding capacity than a degraded one.

Animals can deny soil organisms their food source by over consuming grass and reducing total 
photosynthesis, which over time leads to soil structure change. In turn, this soil deterioration reduces 
the amount of water available to the soil organisms. Further more, animals reduce the direct flow of 
energy via root exudates to soil organisms, when they hold back plant growth. 

Soil needs life in it, and life needs carbon. With a reduction in the supply of carbon compounds being 
introduced into the soil, there is a loss of soil life. Soil becomes more compact, less fertile, and not an 
environment conducive to seedling establishment and plant growth. With the most degraded soils, 
production is only possible when extremely favourable climatic conditions occur.

It is important to understand the true meaning of soil fertility. It is the sum of the chemical and biological 
state of the soil. Neither of these factors exists independently. Conventional soil analysis addresses 
only soil chemistry and few farmers can quantify the physical or biological health of their soils.

I quote Annie Mayo from the Australian Farm Journal, May 1999:

“Soil health is more than just a matter of chemical content. It also requires an understanding 
of microbial activity, air and water. For many years, standard soil tests concentrated on 
the 45% mineral content, and generally regarded the remaining composites of air, water 
and organic matter as irrelevant.”

Pam Pittaway also takes a broad approach to soil fertility. “For dirt to be sufficiently fertile 
to support diverse plant and animal life, large inputs of organic matter from plants and the 
activity of soil organisms is essential. Young volcanic rocks can supply the phosphorus 
(P) and potassium (K) needed by all living organisms, but only specialised bacteria can 
fix nitrogen from ‘thin air’ into organic matter.”

Biological induced change leads to structural changes in the soil. Good soil structure means there are 
pores that can better hold water. Good soil structure is due to the glues produced by soil microbes 
which create aggregates as well as the tunnelling of soil fauna like worms and ants. None of these 
can exist without a food source based on carbon compounds. 

Carbon compounds are the primary energy source for soil micro-organisms, just like they are for all 
living things, and that makes them the key for all the physical, chemical and biological processes in 
the soil.

The carbon story is a subtle one. It is all about other processes not being 
complete without carbon.  You can purchase nutrients and plough for water 
infiltration, but try buying all the carbon you need from the local merchant. 
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“I have finally got to re-reading 
Carbon Grazing. How different it is on 

the second read. I am captivated as you 
reveal the “secrets” of good 

grazing management.” 

…Shane Joyce, Grazier, Theodore, 
Queensland, Australia.

“Alan has the great ability to think 
across scales from the molecules 

involved in carbon fixation, 
the green pick needed for SHEEP and 

CATTLE digestion, to the global 
challenge of climate change.”

…Dr David Freudenberger, 
Former CSIRO scientist,

Canberra, Australia.




