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Background

Oxygen is vital for root growth and function. The atmospheric air is 21% oxygen
(partial pressure of oxygen is 21%). In the soil air roots function best between 15 and
21%, they cannot pick up nutrients and water below about 15%, cannot initiate new
root below 12%, cannot grow below 5-7% and generally die below 3-5% depending
on species. For this reason root generally grow poorly below about 500mm in natural
soils, most roots growing in the upper 300mm where maximum aeration levels occur.

Oxygen diffuses through air fill pore space much faster than through water filled pore
space, therefore in waterlogged soils roots cannot grow at all unless they have
special adaptations (eg mangrove pneumatophores). Decomposing organic matter
will also deplete soil oxygen levels as the respiration process consumes oxygen.

The three main causes of low soil oxygen levels are-
1. Distance from the atmosphere or free air surface
2. Waterlogged pore space
3. Burying decomposing organic matter.

Sydney Environment & Soil Laboratory have long advocated that organic matter
levels in artificial soil horizons below about 300mm deep should contain no or low
organic matter contents. This has been considered important in both planter box and
“on grade” plantings. The reason for this is that the onset of anaerobic or anoxic
conditions at depth resulting from the decomposition of organic matter is commonly
observed and results in death or disease of plant roots in serious cases. The most
serious anaerobic events have been observed where a soil component with its fine




pore space, and a very labile (easily decomposed) form of organic matter such as
mushroom compost are combined with over watering and waterlogging.

The specification we would normally make to avoid this risk is for an “A type” soil
high in organic matter to be used in the surface 300mm and a “B type” sandy, well-
drained soil low in organic matter and usually containing horticultural ashes, to be
installed below this. While the anaerobia problem has been observed frequently and
the “A type” and “B type” installation does seem to avoid this issue, the factors
involved and comparative trials have never been conducted to validate or examine
the specification.

Bark Blowers Pty. Ltd. specialise in the installation of growing media for such planter
box situations using equipment that can “blow” or pump in a stream of air the
medium up considerable heights into the installation. The method brings
considerable cost savings and other conveniences particularly to interior landscaping
projects. Bark Blowers experience is that the heavy mineral mixes specified by SESL
for the “B type” subsoil layer are difficult and slow to “blow”, cause considerable
abrasion of equipment and result in pulverising the ash content destroying its
structure and causing it to stick to the inside of the pipes used to pump the material.
They observe that even if small amounts (around 20-30%) of organic matter are
added to such mixes they are pumped much more easily allowing full advantage of
the speed and convenience of the technique.

Bark Blowers have commissioned SESL to design and conduct some trials of a
range of planter box “B type” layers to investigate the oxygen depletion problem in
new planter box installations. A specific purpose was to investigate whether it is
possible to use such small amounts of organic matter without risking serious
anaerobia.

Materials and Methods

Four “planter boxes” were constructed from waterproof ply sealed inside with
waterproofing bituminous sealer with a Perspex “window on one face to observe root
growth. Porous “thimbles” 150mm long were inserted through the plywood at three
depths in the planter for extraction and measurement of soil air samples. The
dimensions and fittings are shown in Fig 1.

Air extraction thimbles are porous plastic irrigation filter tubes projecting into the
growing medium 150mm and kept capped on the outside until readings are taken.

In all trials the surface 300mm was a “Planter Box Mix” composed of-
35% Composted Pine Bark

35% Composted Hardwood sawdust

20% Composted Pine Bark Fines

10% Clinker ash

Only subsoil mixes below 300mm were varied in the trial and two trials were
conducted.



Trial 1. Subsoil treatments were-

A. Planter Box Mix as used in the surface 300mm

B. Washed River Sand 100%

C. SESL Ash Mix* 30% Drainage Ash
50% Washed River Sand
20% Scoria

D. Garden Mix 30% Mushroom compost
70% Washed River Sand

* This mix was specified by SESL and used as subsoil in the Sydney Wildlife World
exhibits.

Figure 1. The Artificial Planter

Ply box with one perspex side dimensions 560 x 570 x 1200 high.
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Trial 2. Subsoil treatments were-

A. Planter Box Mix as used in the surface 300mm

B. Planter Box Mix No 2 50% Composted Pine Bark Fines
10% “Greenlife” Tops
20% Clinker Ash
20% Washed River Sand

C. 50% Planter Box Mix No 2 and 50% Washed River Sand.

D. Garden Mix 50% Mushroom compost
30% sandy loam soil
20% Washed River Sand




Boxes were planted to two 100mm potted plants, a Syzigium and a Hebe. Planters
were watered normally, between once and twice a week with some of the waterings
being sufficient to cause a small amount of leaching out of the drainage holes.

Gas readings were taken using a GA 2000 Infra Red Landfill Gas monitor freshly
calibrated by Enviroequip before each use. The instrument contains a built in air
pump which sucks air out of the air sampling point through a sealed tube and over
the instrument detectors. The instrument readings stabilised rapidly using only a
small volume of air withdrawn from the sampling point.

Oxygen, carbon dioxide, carbon monoxide and hydrogen sulphide readings were
taken at each depth on a Friday and Monday morning each week for the duration of
the trial. O, and CO; levels were recorded in partial pressure %, Hydrogen sulphide
and carbon monoxide levels in mg/l or ppm.

Results

Readings are given in Table 1 attached. The results are given as days from the
commencement of the installation for each height.

Table 1. TRIAL 1 — Results

BOX | C D
02 CO02 | HS | CO 02 coz2 H),S | CO
GAS | % % ppm | ppm | BAL % % ppm__ | ppm | BAL
Ht
Days Trial 1 mm
9 22/9/06 150 | 199 | 1.0 0.0 ] 20 ] 79.1 | 19.4 1.5 0.0 0.5 179.1
610] 19.8 | 0.9 0.0 ] 05 | 793 | 17.6 3.4 0.0 1.0 1 79.0
1000 | 20.1 | 0.4 0.0 | 25 |1 794 | 17.8 2.8 0.0 0.0 794
12 25/9/06 150 ] 19.6 | 1.2 0.0 1.0 | 79.2 | 18.3 2.3 0.0 3.0 |1 79.3
6101 199 | 0.6 0.0 1.0 | 79.4 | 15.3 4.9 0.0 2.0 | 79.8
1000 | 20.6] 0.1 0.0 1.0 | 79.2 | 18.7 1.9 0.0 1.0 1795
16 29/9/06 150 | 19.6 | 1.1 0.0 | 0.0 | 79.2 | 18.6 2.2 0.0 40 [ 79.1
610 | 19.1 1.4 0.0 | 20 | 794 | 14.6 6.6 0.0 2.0 | 78.8
10001 195 ] 0.8 0.0 | 20 | 79.7 | 14.4 6.3 0.0 3.0 | 79.2
19 2/10/06 150} 20.0 | 1.0 0.0 1 00 ) 79.0 | 18.7 2.2 0.0 0.0 175.0
610 196 | 1.0 0.0 | 00 | 79.3 | 15.2 5.3 0.0 0.0 | 79.5
1000 20.1 | 0.5 0.0 { 00 | 79.3 | 15.7 4.8 0.0 0.0 | 79.4
23 6/10/06  1504| 19.2 | 1.5 00 |00 | 79.3 | 17.9 2.8 0.0 0.0 | 79.2
610} 19.1 1.2 0.0 | 00 ] 79.7 | 12,9 7.7 0.0 0.0 ] 79.1
1000} 199 | 04 00 00} 79.6 | 15.3 4.9 0.0 0.0 ] 79.8
26 9/10/06 150} 19.5 | 1.0 00 | 00 | 796 | 17.8 2.3 0.0 0.0 17959
610 19.8 | 0.5 0.0 |1 0.0 | 79.6 | 15.5 4.2 0.0 0.0 | 80.2
1000 | 204 | 0.1 0.0 1 00 | 79.5 | 18.0 1.8 0.0 0.0 | 80.1
30 13/10/06 150 19.0 | 1.4 0.0 | 0.0 | 79.5 | 18.1 2.4 0.0 0.0 | 79.6
610) 18.5 | 1.7 00 ] 00 | 80.0 | 13.3 6.9 0.0 0.0 | 80.0
1000 187 | 1.1 0.0 | 00 | 80.3 | 11.6 7.4 0.0 0.0 §81.0
33 16/10/06 150 | 19.4 | 1.2 0.0 | 0.0 | 79.2 | 18.3 2.5 0.0 0.0 | 79.2
610 | 19.5 | 1.0 0.0 | 0.0 | 79.6 | 13.7 6.9 0.0 0.0 | 79.2
1000} 199 | 0.5 0.0 | 0.0 |79.7 14.0 6.0 0.0 0.0 | 80.1




Table 1. TRIAL 1 — Resuits cont'd.

BOX B A
02 [CO2 [HS [CO 02 [co2 [H,s [co
GAS % % ppm pm | BAL % % ppm | ppm | BAL
Ht
Days | Trial 1 mm
9 22/9/06 1501 199} 0.7 0.0 1.0 | 793 { 17.5 3.4 0.0 2.0 79.1
610} 19.8 0.8 0.0 1.0 79.4 4.8 16.0 0.0 3.0 79.2
1000 20.0 { 0.5 0.0 1.0 79.5 2.4 20.1 0.0 5.0 77.5
12 25/9/06 1501 18.6 | 2.3 0.0 1.0 | 79.0 | 13.9 6.7 0.0 3.0 79.4
610} 19.1 1.4 0.0 0.0 | 79.4 3.7 15.5 4 0.0 3.0 80.8
1000 4§ 20.3 | 0.4 0.0 3.0 | 79.4 3.1 17.9 0.0 3.0 79.0
16 29/9/06 1501} 18.9 1.7 0.0 3.0 { 79.3]117.8 3.1 0.0 3.0 79.2
6101} 18.6 1.8 0.0 2.0 79.5 1 106 | 13.2 0.0 2.0 76.3
1000 | 19.1 1.6 0.0 2.0 79.6 4.5 20.1 0.0 4.0 75.4
19 2/10/06 150} 19.1 1.8 0.0 1.0 | 79.2 | 16.7 3.9 0.0 2.0 79.3
610} 19.3 1.2 0.0 0.0 | 79.4 5.9 13.4 0.0 1.0 80.6
1000 | 19.7 | 0.7 0.0 2.0 79.5 4.0 17.7 0.0 0.0 78.1
23 6/10/06 150 ] 18.8 1.6 0.0 0.0 1] 79.6 ] 15.4 5.4 0.0 0.0 79.1
610 | 18.7 1.4 0.0 0.0 79.8 6.5 16.5 0.0 0.0 77.3
1000 | 19.7 | 0.6 0.0 0.0 | 79.7 3.7 20.9 0.0 0.0 75.4
26 9/10/06 150} 19.1 1.3 0.0 0.0 ] 799 ] 13.8 6.7 0.0 0.0 79.4
610 193 | 0.7 0.0 0.0 { 80.0} 8.2 13.1 1 0.0 0.0 78.8
1000 | 19.8 | 0.2 0.0 0.0 | 80.0 9.4 11.7 0.0 0.0 78.8
30 13/10/06 1501186 1.4 0.0 0.0 { 80.8 ] 17.3 2.7 0.0 0.0 80.1
610 { 18.2 | 1.7 0.0 0.0 | 80.1 9.4 12.7 1 0.0 0.0 77.0
1000 ] 18.3 1.3 0.0 0.0 | 80.6 4.1 18.0 1.0 0.0 77.5
33 16/10/06 150 { 19.2 1.2 3.0 0.0 79.4 | 16.3 4.7 0.0 0.0 79.0
610 19.6 | 0.9 0.0 0.0 | 79.6 | 4.4 17.8 1 0.0 0.0 77.7
1000 § 20.0 | 0.5 0.0 0.0 | 79.6 1.8 21.1 0.0 0.0 76.9
Table 2. Trial 2 Results
BOX C D
02 C02 | H,S | CO 02 CO2 | HS Cco
GAS | % % ppm | ppm [ BAL | % % ppm | ppm | BAL |
Ht
Days Trial 2 mm
37 3 20/10/06 1501 15.3 5.3 0.0 0.0 | 79.6 | 17.0 3.3 0.0 0.0 79.6
610 | 4.7 12.9 1 0.0 0.0 | 82.6 0.3 24.7 | 0.0 0.0 74.7
1000} 5.7 11.5 ] 0.0 0.0 | 82.7 2.5 22.3 1 0.0 0.0 ] 75.3
40 61 23/10/06 150 18.1 3.3 0.0 2.0 1784 1 18.7 2.5 0.0 0.0 78.7
610 ] 13.4 8.1 0.0 1.0 | 78.4 1.6 22.3 0.0 3.0 75.9
1000 | 14.3 6.9 0.0 0.0 | 78.6 2.8 20.5 1 0.0 4.0 | 76.5
44 10| 27/10/06 150 { 16.7 4.1 0.0 0.0 79.1 | 18.7 1.7 0.0 0.0 79.4
610 | 6.8 10.2 | 4.0 1.0 83.0 2.2 19.1 1.0 0.0 -~
1000 1§ 10.2 9.8 2.0 1.0 80.0 2.0 20.0 1.0 4.0 78.8
| 47 13 30/10/06 150 | 16.9 3.6 0.0 0.0 79.4 | 17.7 2.6 0.0 0.0 79.7
610§ 14.3 6.8 0.0 0.0 78.9 0.9 19.4 1 0.0 0.0 79.7




1000 | 18.6 ] 2.6 0.0 0.0 | 78.7110.8 | 9.8 0.0 0.0 | 79.5
51 17 3/11/06 1501 164 | 4.7 0.0 0.0 | 78.8118.7 | 2.1 0.0 0.0 { 79.3
610§ 12.4 5.4 0.0 0.0 | 82.2 0.1 19.3 0.0 0.0 79.5
1000} 6.1 | 11.4 | 0.0 0.0 {825 1.7 | 188 | 0.0 0.0 | 79.4
54 20 6/11/06 150} 179 | 3.6 0.0 0.0 | 786 } 19.2 | 1.5 0.0 0.0 | 79.1
610 | 12.7 8.3 0.0 0.0 78.9 1.4 18.2 0.0 0.0 80.3
1000} 13.6 { 7.5 0.0 0.0 | 788 | 3.0 | 16.7 } 0.0 0.0 | 80.3
58 24 10/11/06 1501} 18.9 2.7 0.0 0.0 78.4 | 19.6 1.1 0.0 0.0 79.0
6101 153 | 6.2 0.0 0.0 | 784 | 2.8 | 16.7 | 0.0 0.0 | 80.2
10001 15.8 | 5.5 0.0 0.0 | 7871 29 | 16.2 | 0.0 0.0 | 80.9
61 27| 13/11/06 150 ] 18.0 | 3.5 0.0 0.0 | 78.6 ] 20.0 ] 0.5 0.0 0.0 | 79.5
610 | 12.1 | 9.1 0.0 0.0 | 789 | 2.4 | 20.0 | 0.0 0.0 | 77.5
1000 | 10.5 | 10.6 | 0.0 0.0 79.0 1.3 22.1 0.0 0.0 76.8
65 31| 17/11/06 1501 19.2 | 2.4 0.0 0.0 {786 | 19.9| 1.0 0.0 0.0 { 79.1
610 [ 16.2 | 4.8 0.0 0.0 | 79.0} 29 | 15.7 ] 0.0 1.0 | 81.3
1000 ] 16.6 | 4.1 0.0 0.0 179.2 ] 3.2 126 ] 0.0 2.0 | 84.0
68 34 20/11/07 150 | 18.6 2.0 0.0 0.0 78.6 19.1 1.7 0.0 0.0 78.9
610 14.6 6.1 0.0 0.0 79.3 4.0 17.4 0.0 3.0 78.4
1000 | 14.0 6.1 0.0 1.0 80.0 2.2 18.0 0.0 6.0 79.7
Table 2. Trial 2 Results
BOX |B A
02 CO2 | H,S [ CO 02 CO2 [ HyS [ CO
GAS | % % ppm | ppm | BAL | % % ppm | ppm | BAL
Ht
Days Trial 2 mm
37 3| 20/10/06 150} 14.1 | 5.8 0.0 0.0 | 80.0 ] 16.2 | 3.9 0.0 0.0 { 79.9
610} 1.6 | 18.3 | 0.0 0.0 {80.3 1 50 ] 140} 0.0 2.0 181.1
10004 1.9 18.2 0.0 0.0 79.7 1.9 18.9 0.0 2.0 79.1
40 6| 23/10/06 150} 159 [ 5.1 0.0 2.0 | 788 | 17.6 | 3.8 0.0 0.0 | 78.6
610 ] 4.7 15.4 { 0.0 2.0 79.9 | 10.5 ] 12.2 0.0 0.0 77.3
1000} 4.3 | 16.0 | 0.0 1.0 1 79.6 | 56 | 15.1 | 0.0 1.0 | 79.3
44 10| 27/10/06 150 | 159 | 4.3 1.0 0.0 1 79.8 1176 | 2.8 0.0 0.0 | 79.5
610 ] 4.5 14.2 | 2.0 1.0 81.4{ 10.3 { 10.6 | 0.0 0.0 78.9
1000 ] 3.2 | 159 ] 1.0 0.0 | 80.8| 4.8 | 145 1.0 0.0 | 80.7
47 13} 30/10/06 1501 14.5 ] 5.2 0.0 0.0 180.4 ] 15.1} 5.1 0.0 0.0 | 79.8
610{ 11.0 | 9.5 1.0 0.0 | 79.5 1129} 8.0 0.0 0.0 | 79.2
1000 154 | 5.6 2.0 0.0 | 789} 14.8 1 7.0 0.0 0.0 | 78.3
51 17 3/11/06 150 | 16.0 | 4.9 0.0 0.0 | 79.2 1164 | 4.5 0.0 0.0 | 79.1
610§ 3.7 | 15.4 |} 0.0 0.0 {809} 4.7 | 13.7} 0.0 0.0 | 81.6
1000 { 3.0 | 17.2 | 0.0 0.0 | 79.8 1 2.1 [ 18.2}| 0.0 0.0 _{ 79.6
54 20 6/11/06 150 ) 15.7 | 4.9 0.0 0.0 | 79.0 1 16.0 | 5.1 0.0 0.0 | 78.8
610 | 5.1 13.9 0.0 0.0 | 81.1 6.0 12.7 0.0 0.0 81.4
1000 5.8 | 13.2 ] 0.0 0.0 1 81.0} 48 152} 0.0 0.0 | 80.1
58 24 10/11/06 150 [ 18.0 3.5 0.0 0.0 78.5 | 18.4 3.2 0.0 0.0 78.6
610 | 12.0 ] 9.5 0.0 0.0 | 785125} 9.1 0.0 0.0 | 78.2
1000 | 11.7 9.7 0.0 0.0 78.7 | 10.6 | 11.1 0.0 0.0 78.2
61 27 13/11/06 150 | 15.9 4.5 0.0 0.0 79.5 ] 15.6 5.3 0.0 0.0 79.2
610 6.2 12.0 | 0.0 0.0 | 81.9 6.2 12.7 1 0.0 0.0 81.3




1000} 6.7 }11.8] 0.0 | 0.0 {181.8] 4.4 |155] 0.0 | 0.0 | 79.9
65 31| 17/11/06 150} 17.2 | 3.7 | 0.0 } 0.0 | 79.2 ] 17.1 | 4.2 | 0.0 | 0.0 | 78.6

610126} 7.4 | 0.0 | 0.0 {80.1]11.2} 9.7 ] 0.0 | 0.0 ] 79.3

1000 14.2 ] 55 | 0.0 | 0.0 {803} 10.7] 9.3 | 0.0 | 0.0 | 80.1
68 34 20/11/07 150 | 17.1 | 3.4 00 | 00 | 793 | 172 ] 35 | 0.0 0.0 | 79.1

610 115 | 87 | 00 | 00 | 798 | 69 | 116 | 0.0 00 | 81.0

1000 | 104 | 9.1 00 | 00 {804 | 47 | 146 | 00 0.0 | 80.9
Discussion

Trial 1. The A installation was continued for the full duration of both trials. As a
common installation where an organic but highly porous soil-less growing medium is
used for the entire root zone, it was obvious that initial oxygen levels were not
sufficient at 1000mm to guarantee roots would remain alive. Half way up the planter
at 610mm oxygen levels were also not encouraging at first. High carbon dioxide
levels also indicated significant respiration rate by decay micro-organisms living on
the organic matter. This can be seen by plotting (Figures 1 and 2) the CO; and O-
levels over time at each depth.

The fluctuations in gas levels at intervals at the 1000mm depth was attributed to
excessive rainfall or leaching resulting in waterlogging and rapid oxygen depletion.

While oxygen levels at 610mm fluctuated over time there was a slow improvement
over time attributable to further stabilisation of the organic matter. There was also a
slight improvement at the 1000mm depth but even after 2 months oxygen was still
prone to rapid depletion if waterlogged. Note the improvement in O; levels at day 49
at 1000mm likely due to the mix drying out at this depth and rapidly aerating again.
At week 53 the reverse is the case with oxygen levels falling and CO, rising. This
data demonstrates how susceptible the lower portion of the planter box is to
waterlogging and subsequent oxygen depletion.

Figure 1 O, and CO, at 610mm from surface
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Figure 2 O, and CO, at 1000mm from surface
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The purely mineral mixes B and C gave no oxygen depletion at any depth.
Treatment D gave slight oxygen depletion at depth 610mm but not replicating the
severe oxygen depletion that has been observed in the field with soil mixes
containing fresh mushroom compost. it was observed by the staff installing this
treatment that the mushroom compost was very old and well rotted.

Trial 2. The next trial used two new mixes with organic matter contents intermediate
between the conventional organically based planted box mix (treatment A) and the
pure mineral mixes. These are the kinds of mixes that can be economically handled
with “blowing” equipment. A third treatment was set up to deliberately mimic the
severe anaerobia that has been seen in soils containing fresh mushroom compost.
Treatment A was not altered but monitoring continued in paraliel to the new
treatments.

The mushroom compost and soil mix (treatment D) gave severe anaerobia at 610
and 1000mm from the surface for the entire time and was the only treatment to show
hydrogen sulphide at 610mm at day 10. The centre or 610mm depth consistently
gave the lowest oxygen levels with the 1000mm depth, being closer to the drains
and an oxygen source, usually giving higher readings.

Figures 3 and 4 show the readings at 610 and 1000mm for treatment B with only
60% organic matter. Subsoil oxygen levels rose reliably above the minimum 5% level
after only about 20 days in comparison with the situation in Treatment A (90%
organic matter) where levels could still dip below 5% after 53 days.



Figure 3. Gas levels at 610mm in Planter Box B
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Figure 4. Gas levels at 1000mm in Planter Box B

Trial 2
Planter Box B at 1000mm

25.0 ;
20‘ O e ht e e o e aene e e POUS,
. -
9 150 H ; 02
g ' t :;;' iﬁ"\b s CO2
v 3 i “ ,ﬁ"\ © = ) per. Mov, Avg. (CO2)
) ' . e
o 10.0 L ' B \ = 2 per. Mov. Avg. (02)
k ! \ }f
5.0 o
OO | —— S, i ——
R N I R R A

Days since commencement

Figures 5 and 6 show the oxygen levels at 610 and 1000mm depth in treatment C
with 30% organic matter.












