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LEAF ANALYSIS
and
Acid Sulfate Soil in the Big Swamp.

Google in 2021. The Big Swamp showing a healthy coverage of vegetation.

Big Swamp 2011 (see page 11).
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Disclaimer
This book may be of assistance to you, but there is no guarantee that the
publication is without flaw of any kind or is wholly appropriate for your
particular purposes and therefore disclaim all liability from error, loss or other
consequence that may arise from relying on any information in this book.
This book has been prepared, and supporting documents used, with diligence.
Statements within this publication that originate from groups or individuals
have not been evidentially tested. No liability is accepted from any action
resulting from an interpretation of this book or any part of it. The data in this
book is arrived at from information sourced and available in the public domain
at the time. The passage of time, manifestation of latent conditions or impacts
of future events may necessitate further examination and subsequent data
analysis, and re-evaluation of the data, findings, observations and conclusions
expressed in this book. This book has been prepared in accordance with care
and thoroughness. No warranty or guarantee, whether expressed or implied, is
made of the data, observations and findings expressed in this book. This book
should be read in full. I accept no liability or responsibility whatsoever for, or in
respect of, any use of, or reliance upon, this book by any third party. However,
I do sincerely hope this book encourages you to enquire about and or further
evaluate the material presented and diligently follow up on any aspect of
Otway Ranges water resource management that may have been aroused in
your mind but not answered.
25 August 2021

Malcolm Gardiner
www.otwaywater.com.au
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INTRODUCTION.
After the top end of the Big Swamp Wetlands at Yeodene, Victoria Australia,
caught fire in the summer of 1997-1998 the vegetation never recovered to any
noticeable degree until around 2015. For twelve years the site of the 1990’s
fire was hydrophobic and never grew a thing. It remained barren, apparently
devoid of life. The Actual Acid Sulfate Soil made sure of this. From 1998 this
site in the top end of the wetlands produced vegetation killing acid and heavy
metals. As the Big Swamp Wetlands continued to dry out more and more
pollutants spread down through the wetlands killing just about everything in
its path.

The top end of the Big
Swamp Wetlands in
2009.
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Two photographs pre the
2010 fires showing the
spread of the vegetation kill
down through the wetlands.

After a series of flushes through the system the vegetation attempted to reestablish in the 1997
burnt out area with little
success.
This photograph shows
Tea Tree around the
edges of the 1997 fire,
Tea Tree that tried to
establish but had
succumbed to the
pollutants. No regrowth in
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12 years. Even bracken fern could not survive.
Then, along came the 2010 fire. It burnt intensively, fuelled by the large
volumes of dead and dying vegetation.

Photo 2011 showing the depth of peat burnt in this particular area of the wetlands.
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Photographs taken in 2011. Massive changes.

Photo 2011. ewetting to the north in the Big Swamp close to the Boundary Creek streambed.
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2011. Vegetation attempting to re-establish. Looking north towards Boundary Creek.
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Once again the Tea
Tree attempted to reestablish but failed.
This photograph was
taken in 2013. The
galvanised dropper
was placed here
during the 2008
vegetation survey. It
had been lifted up
showing the acid
impact.
The photograph below
shows eucalyptus
trees that germinated
and survived for a
short period before
dying off. The roots of
these trees spread out
across the top of the
soil in a similar way to
strawberry runners.
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This is the result
of an effort by
plants to reestablish but as
seasons came
and went the
plants were
unable to
flourish.
It took quite a
few efforts over
several seasons
before the
vegetation was
able to reestablish in some areas of the Big Swamp.
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Having seen plants attempting to survive in what was once the Big Swamp
Wetlands I was interested to take leaf samples for analysis. In 2017 I chose a
next generation of Tea Tree that was surviving and looking healthy, just like its
predecessors had, to see what could be learnt from the make up of the leaves
before and after the shrub died. My thinking at the time was that the
vegetation died either when the water table with any acid and heavy metals
rose, or when the plants sent roots down looking for moisture into this toxic
mix during drier periods. Or, a combination of both. I thought maybe leaf
analysis might throw some light on what was happening.
The first sampling was done in 2017 but was never followed up due to so many
other important groundwater issues happening during this period. Also, from
regular visits and observations, the Tea Tree in the swamp did not appear to be
under any stress as time went by. Not like earlier growings. As the plants were
not dying thoughts and work on leaf analysis was put aside.
This photo shows the generation of vegetation from 2014.
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As it turned out it looked like the plants were maintaining a relatively healthy
existence. They continued to survive and even when there was a very high acid
and heavy metal discharge in 2016 from the area, the plants seemd to suffer
little, if at all.
The site of the Tea Tree in the Big Swamp where the leaf samples were taken.

I also took leaf samples from along the boundary of Jim Swan’s property and
samples from Maggio’s Swamp in the Ten Mile Creek Catchment. Perhaps the
analysis results would help clarify part of the reason why the plants were dying
off each season.
The Maggio’s Swamp Wetland Sample.
I wanted to take Tea Tree samples from a swamp wetland that did not appear
to be suffering from Actual Acid Sulfate
Soil problems. Maggio’s Swamp Wetland
seemed a really good choice. However, it
Big Swamp.
was difficult to find any Tea Tree in the
saturated swampy area. This is why Elf
Fern leaves were selected.
Maggios Swamp Wetland.
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Maggio’s Swamp Wetland.
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Maggio’s Swamp Wetland.

New Thoughts - 2021.
Several factors came together in 2021 that prompted taking another look at
the leaf sampling results.
• The vegetation in the Big Swamp was surviving and outwardly appearing
quite healthy prompting thoughts that maybe nature was capable of
remediating the Big Swamp problems.
• Thoughts prompted the idea that rather than the pollutants killing off
each successive generation of plants being a bad thing, was it possible
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•
•

•

•
•

that each year the plants were slowly taking up and somehow
neutralising the toxicity?
Perhaps humans could take a back seat and let nature do its thing.
Given the cessation of groundwater extraction and the Lower Tertiary
Aquifer hydraulic pressure heads recovering, why spend millions more
dollars on “artificial” human induced remediation measures? Were
natural processes doing the job? At the very best, effort to work with
nature and natural processes might be the way to go.
It was also worthy of consideration that perhaps local communities
impacted by the past poor management of the Barwon Downs Borefield
were prepared to…
o accept the assurances from authorities that the aquifers of the
area would no longer be under any pressure from extraction by
Barwon Water. Iron clad assurances that is. And,
o as a result were prepared to bear some pain that could be
tolerated as nature took it’s course.
Was it possible that certain plant species could be used to help speed up
the processes of the Big Swamp Wetlands recovery?
Re-examining the leaf analysis results taken in 2017 seemed a good idea.

While waiting for the test results in 2017.
In 2017 when waiting for the first test results to come through an attempt was
made to see how things such as aluminium, iron, arsenic etc. interact with one
another and as a consequence impact on plants. Lots has been written on
agricultural crops and garden plants regarding imbalances and how to possibly
correct these. However, knowing exactly what is going on and how the various
elements inter-react is a bit of a mine field. There appeared to be very little on
the interpretation of leaf analysis results in Actual Acid Sulfate Soil site
situations. Not that it is surprising. Appendix Four gives an insight into the
inherent problems understanding the interactions and processes that plants
adopt and highlights the fact that there appears to be very little work done on
the subject of how plants can assist in rehabilitation of polluted sites.
Acid Loving Plants?
It would appear that Australian native plants are acid loving plants demanding
a good supply of iron. But, I couldn’t find any reference to what iron levels the
acid loving plants desired. Another comment gave some degree of comfort,
that Australian plants may be useful in neutralising toxins, stating Tea Tree
plants naturally accumulate fluoride and other heavy metals including lead,
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aluminium and arsenic. The Web has these throw away lines but with no
follow up data, reports or investigations how vegetation…
• is impacted by polluted sites, or
• how plants may be able to assist in the re-habitation of polluted sites,
still requires some considerable work.
Appendix Four contains an extract from a text from “Plant Analysis, an
Interpretation Manual” that illustrates the complexities of plant analysis. It
also typifies that the emphasis of most plant analysis text targets a different
type of situation to the re-habitation of an Actual Acid Sulfate Soil wetlands
site.
The Following Table is a Summary of the Analysis Results found in the
Appendices.
Nutrient
Tested for…

Nitrogen % units
Phosphorus %
Potassium % units
Sulfur %
Carbon %
Calcium %
Magnesium %
Sodium %
Copper
mg/kg
Zinc
mg/kg
Manganese mg/kg
Iron
mg/kg
Boron
mg/kg
Molybdenum mg/kg
Cobalt
mg/kg
Silicon
mg/kg
Nitrogen:Sulfur

Sample One.
Big Swamp.
Tea Tree leaves.
28/04/2017.

0.88
0.05
0.44
0.13
50.08
0.82
0.17
0.17
3.0
10
111
623
25
<0.2
0.1
352
6.9

Sample Three.
West Boundary
Swan’s
Property.
Tea Tree.
14/07/2017.
0.98
0.05
0.32
0.11
52.6
0.94
0.27
0.16
3.8
17
177
87
23
<0.2
0.2
350
9.2

Sample Two.
Maggios
Swamp.
Elf Fern.
28/04/2017.

21.5

23.3

1.51
0.06
1.38
0.21
44.8
0.50
0.54
0.26
7.9
10
135
106
56
<0.2
<0.1
803
7.2

ratio units

Nitrogen:Phosporus 16.2
ratio units
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Nitrogen:Potassium 2.0

3.1

1.1

57.2
5.5

53.5
6.2

29.7
9.4

126
<0.5
<0.1
<0.5
0.4
<1
29
<0.1
<0.1

65
<0.5
<0.1
<0.5
0.1
<1
4.4
<0.1
<0.1

99
<0.5
<0.1
<0.5
<0.1
<1
8.3
<0.1
<0.1

ratio units

Carbon:Nitrogen
Crude Protein
ratio units

Aliminium
Selenium
Cadmium
Lead
Arsenic
Chromium
Nickel
Mercury
Silver

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

A Story to Tell.
It would appear that Zinc, Manganese, Iron, Silicon, Aluminium, Arsenic and
Nickel levels in the Big Swamp Tea Tree samples have a story to tell.

CONCLUSION.
When looking at these very limited leaf analysis results, there would appear to
be enough indications that “experts” in the field of leaf analysis should be
involved in the future development of acid and heavy metal soil rehabilitation
in the Big Swamp with an emphasis on the use of native vegetation.
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APPENDIX ONE.

Acid Sulfate Soil test results with my scribblings.
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Same document as above.
Site 11, 12 and 13 below, where soil samples were taken at different levels at
the Tea Tree site (Sample 1) in the Big Swamp.

Sites 15 and 16 were taken at the leaf sampling site (Sample 2) in Maggios
Swamp.
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Soil sample taken at the leaf sampling site (Sample 3) along the west boundary
of the Swan property south of the Big Swamp.
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APPENDIX TWO.
Test Results for Samples 1 and 2.
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APPENDIX THREE.
Test Results for Sample 3.
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APPENDIX FOUR.

OTWAY WATER BOOK 64

23

OTWAY WATER BOOK 64

24

OTWAY WATER BOOK 64

25

OTWAY WATER BOOK 64

26

OTWAY WATER BOOK 64

27

CONTENTS.
Photos of Big Swamp post 1997-98 Fires in top end
3 -4
• Burnt area stayed barren until 2011
• Hydrophobic soil
• Pollution from Actual; Acid Sulfate Soils moving downstream
• Photo of spread of downstream vegetation dying
• Photos of dying vegetation on verge of 1997-98 burnt area
Photo showing depth of burnt peat after the 2010 fire
5
Photos of burnt impacts after the 2010 fire in the Big Swamp
6-7
Site of 2008 vegetation survey - galvanised dropper
8
Vegetation dying or dead after the 2010 fire recovery period
8-9
• Teat Tree and Eucalyptus plants
• Took several seasons for plants to survive the acid & heavy metals
Photo of 2014, forth generation vegetation attempting to survive.
10-11
Leaf samples taken in 2017 from the 2014 plants.
10
• Samples analysis filed away as plants continued to look healthy
Sites where leaf samples were taken.
11
• Big Swamp
• Swan’s property
• Maggio’s Swamp Wetlands
Photos of Maggio’s Swamp Wetland site.
12-13
New Thoughts in 2021
13-14
• Change of direction regarding remediation.
• Plants may do a better job than human intervention
Leaf Analysis Results
14-16
Conclusion
16
Appendices 1-3 Soil/leaf analysis results
16-22
Appendix 4Test from “Plant Analysis an Int5erpretation…”
23-27

OTWAY WATER BOOK 64

28

