






CARBON LEVELS AROUND PERENNIAL GRASS WITH 
DIFFERENT MANAGEMENT
 The Ecograze Project report - Developing guidelines to better manage grazing country states:

“To understand how grazing affects soil carbon through changes in pasture composition we 
sampled the soil in a number of the grazing treatments at the Cardigan site. The results showed 
that most of the soil organic carbon is found beneath perennial grass tussocks and that the 
amount declines rapidly with increasing distance from the tussock. When pasture is in good 
condition, there is much carbon beneath each tussock and, because tussocks are reasonably 
close together, the decline in organic carbon in the inter-tussock space is not great. However, 
when perennial grasses have been weakened through overgrazing there is a significant decline 
in soil carbon. In such situations, the amount of carbon beneath tussocks is lower and there 
are large gaps between tussocks with little carbon in the inter-tussock space.”

Figure 11: Illustration of the distribution of soil carbon in the top 10 cm of soil between 
good condition State 1 (top figure) and poor condition. State 2 (bottom figure) 

The concentric rings represent individual perennial grass tussocks. 
Source: The Ecograze Project report - Developing guidelines to better manage grazing country.
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Figure 11 on the previous page highlights how perennial grasses, if allowed, can build carbon reserves 
around themselves, and create an environment that is more favourable for their existence. Figure 
8 (The Ecograze Project) on page 26 highlights how healthy grass stands result in greater water 
infiltration. The diagrams in Figure 11 show why healthy grasses are able to retain more moisture 
around their roots for increased growth due to increased carbon levels.

As soil condition deteriorates, more rainfall is required to grow the same amount of pasture. People 
with degraded pastures always spend more time in drought. Over time, it is the general standard of 
grazing management, not climate, which determines the condition of the soil. We have all looked 
down fence lines to confirm this. 

With small falls of rain received in heavy downpours, there is often virtually no resultant plant growth. 
What is pertinent is that in many cases plants could have produced some growth if the bulk of this 
rainfall had entered the soil. This is why landscapes low in carbon go into drought faster. These 
landscapes are also likely to deteriorate more in a run of bad seasons, because there are fewer 
occasions when soil carbon is replenished through plant growth.

When soil is low in organic matter, the water that penetrates is lost in two ways. 
Up, in evaporation and down with deep drainage. This is assuming it was able 
to enter the landscape in the first place and not run off into a gully. It can never 
be said too often, “It is not a case of how much rain falls over a year, but how 
effective it is.”

CARBON MAKES CARBON
A few years ago I coined the phrase “just as money makes money, so carbon makes carbon”. I have 
seen this quoted in other literature, which is great, as it is an important principle that needs greater 
exposure.

In Figure 12 on the next page, it is the increased water availability to the existing plants, resulting 
from higher carbon levels, which has led to further additions of carbon above and below ground, ie 
carbon makes carbon. Past grazing management significantly impacts on current plant growth. We 
can “bank” some carbon by good management, for a future return, just as we invest some of our 
current cashflow for a return in the future. Carbon is like money, you can forget about the future if you 
choose. When somebody says, in reference to their grass, “you may as well eat it as it is only going 
to blow away”, I can visualise their landscape. This is because they are in the habit of sending most 
of their recently acquired carbon to the saleyards instead of keeping some for a rainy day.

Successful germination events are like making a new investment. When a plant establishes and 
grows, it traps water, and this is the start of the introduction of further carbon. Figure 10 (page 28) of 
seedlings establishing is the perfect example of existing carbon promoting germination nearby, again 
carbon making carbon. This is how landscapes repair themselves outward from patches already 
adequate in carbon.

In degraded country, the secret is to get the first plant to grow to initiate the carbon cycle then 
other plants will follow as carbon levels increase and encourage further germination. Introducing 
the perennial edible shrub, Old Man Saltbush (OMSB), is acknowledged by scientist Dr David 
Freudenberger as the catalyst for the regeneration of degraded soils low in carbon. The drought 
resistance, water use efficiency and ability to handle low oxygen levels, of OMSB, allow it to establish 
via seedlings, in soils with a bad water cycle due to low carbon levels.
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Figure 12: Maximising carbon flows relies on adequate carbon stocks to attract water.

Maintaining carbon around the roots of plants is a big contributor to resilience. This 
is the advantage well managed perennial systems have over annual systems.

The explosion of woody weeds in many areas is an environmental disaster. However, it does not 
mean they should all be removed. Their original role as part of a savannah landscape was to maintain 
the carbon cycle during dry times They also collected nutrients and organic matter during wind 
erosion and so acted as a nursery site for grasses and forbs to re-establish when rain arrived.

Degraded country often sheds water which irrigates the spots high in carbon. Ripping or ponding 
are mechanical ways of introducing water so that plants can establish and start the cycle of ongoing 
carbon introduction. Getting strips of the landscape regenerated through intervention leads to a 
much higher increase in production than the area involved would suggest. Given a leg up through 
intervention, nature is then able to complete the task over time for nothing.

In some extremely low rainfall areas, the mosaic of high and low carbon areas is the only way the 
landscape can produce some vegetation. An old timer in the outback explained this to me years 
ago. He said, “The role of the inferior country is to support the better fertile country.” This is what is 
categorised by scientists as a banded run-on run-off landscape.
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CARBON LEVELS INFLUENCE RAINFALL
Does carbon’s effect on the transfer of water within the landscape change the climate? This concept 
is now accepted in some countries overseas and is starting to gain momentum in Australia. 

One point worth pondering is that in the last 150 years in Australia, whenever there has been a 
major loss of carbon in the biosphere through overgrazing, overclearing or fires, in almost every case 
there has been a significant and sometimes permanent reduction in rainfall soon after. The strongest 
evidence is through reduced rainfall from thunderstorms. 

A colleague drew my attention to this issue recently. He said that if you look at every fire last century and 
then look at the rainfall chart for the next two years, in every case there was a decrease in rainfall. 

Further, he looked at the software program “Rainman” and discovered that the rainfall supports this 
idea following clearing in Western Australia and Central Queensland. The Bureau of Meteorology 
web site evidences this same pattern for the last 50 years.

My initial interest in the subject was stimulated by a discussion I had with Robert (Bob) Leighton over 
tea one night. I sought his opinion as one of Australia’s leading meteorologists on why storms often 
follow where previous storms went. Often, one property or part of a property would remain dry, while 
the one next door was having a reasonable season.

It was not his area of expertise, but he started to explain how storms required a certain amount of 
moisture to start raining and they stop when the moisture dropped below a certain level. If there was 
an additional source of moisture, then the storm would proceed instead of petering out. Creeks and 
rivers were discussed as a source of moisture, which is consistent with storms often performing 
better near them over time. In the course of conversation he raised the issue of vegetation cover and 
its influence on rainfall by contributing moisture. The other issue he raised was the temperature of the 
landscape due to vegetation cover or lack of it and how this affected the weather. 

In a previous trip to America, Bob had been told by US researchers that they had been researching 
the issue of vegetation and its effect on rainfall. I include what he was able to discover for me.

“I remember when I was visiting the Aviation Weather Centre in Kansas City, Missouri, about 
four years ago that there were discussions about the interesting weather experienced 
in Kansas storms, tornadoes, ice storms etc. And they told me that a major moisture 
input for tornadoes and storms originated from the vegetation through “tornado valley”. 
(Of course, I originally thought that most of the moisture would have come from the 
Gulf of Mexico). I was wondering if you know of any statistics or papers on the subject 
of moisture availability from vegetation for cloud build-up in your territory that would be 
available. A bloke in Queensland is writing a book and he is interested in the relationship 
in your country.” (Bob Leighton)

Response from Steve Corfidi (Kansas)  

“I don’t think that there is much question that local evapotranspirative fluxes affect 
patterns of convective initiation. The role of “vegetatively-derived” moisture is however, 
a comparatively new one; the importance of the subject has become more widely 
accepted only in the last 10 years or so. Canadian meteorologists in the prairie provinces 
are especially interested in the subject as their short wheat-growing season corresponds 
to the time of maximum thunderstorm frequency.”

Steve included a manuscript received by the Iowa State University, which in part stated, 
“Vegetation cover was found to promote convection, both by extraction of soil moisture 
and by shading the soil so that conduction of heat into the soil was reduced (thereby 
increasing the available energy).”
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In 1998 while in South Africa, one of the groups of scientists I spent time with, was at the Range and 
Forage Institute in Bethlehem. During discussions, it was explained to me by one of the scientists 
that he was convinced that lack of vegetation cover due to excessive grazing was responsible for a 
drop in rainfall on the plateaus that rise up above the plains. He said that these small elevated areas 
were the most productive sections as they had much higher rainfall than the lower plains area. His 
theory was that due to greatly reduced vegetation cover (carbon stocks), there was much more heat 
rising up from the soil and dispersing the rain-bearing clouds. 

There is logic in his theory, as bare areas re-radiate much more of the sun’s energy back into the 
atmosphere. Furthermore, the associated rising air during day-light hours is far drier, which may 
indeed have the potential to kill off storm generation. 

The concept of moisture from the landscape promoting thunderstorms is well supported by a long-
term change in rainfall near Inglewood on the Qld/NSW border. A long-term producer who had 
a property beside the Coolmundra Dam explained to me that after the dam was built, the rainfall 
increased above the long-term average recorded in the family records. He explained that the path 
of the storms was over the dam before getting to his property. This gave the storm clouds an 
opportunity to increase their moisture level. When questioned on whether others further along the 
storm path had an increase in rainfall, he assured me they had not. It is likely that the dam activates 
clouds close to raining and so they part with much of the moisture before getting to others.  

German scientist Wilhelm Ripl talks about preventing large thermal differences in the landscape. 

“The more evaporation processes at and within the surface and foliage of vegetation per 
area that takes place, the more even the temperature is distributed and the cooler are 
vegetation structures, markedly so at times with high-energy flow (midday in summer). 
Areas that are mostly better cooled show lower atmospheric pressure than the overheated 
surroundings. It is easy to understand that these small local areas lacking any means for 
an efficient temperature-regulating system are channelling energy into global weather 
systems and thus modulating them. Areas with an even cover of vegetation, with 
sufficient evaporable water, have more predictable weather events than do damaged 
areas without proper vegetation cover.” 

The message is that management which results in better survival and health of plants and hence better 
water infiltration and storage in the soil, is a system that has more moisture available for evaporation 
and transpiration, and hence has more chance of receiving more rainfall to maintain the process.

Following drought, the areas low in carbon do not regenerate as quickly nor 
to the same extent as those areas higher in soil carbon. This is because the 
carbon cycle only follows the water cycle until it fails. It is lack of carbon that 
impacts on the water cycle.
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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.




