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1.0 Summary
This report completes an agreement

between the Fitzroy Basin Association (FBA) and
Farming and Beyond Pty Ltd (F&B) in assessing
soil carbon levels on broadacre dryland grazing
and cropping landuse within Central Queensland.
Annual soil carbon monitoring was conducted
between September and November on six grazing
properties and one cropping property. The project
timeframe of three years commenced in July 2008
and concluded in June 2011.

All grazing properties were located in the
Callide/Dawson catchment near the townships of
Baralaba, Biloela and Taroom. The cropping
property was located in the Central Highlands
near Clermont. Soils, land types and vegetation
varied considerably between properties but
reflected dominant characteristics of the local
landscape.

An initial baseline assessment of soil
carbon was performed in 2007 on all properties by
Christine Jones, officers of the then Department of
Primary Industries and Fisheries (DPI1&F) and
volunteers. Results have not been made available
to FBA, DPI&F or F&B and consequently, all
properties were benchmarked again in 2008.

Prior to the 2008 assessment, individual
property owners had undertaking treatments on
nominated trial areas. These treatments included
pasture cropping that had not been previously
trialled in Central Queensland. Other treatments
including biological inoculums of compost teas
and extracts and regenerative practices for
reverting long termed cropped areas back into
productive perennial pastures.

Preliminary results between 2008/09
indicate that average increases in soil carbon
stocks by 2-3 t/ha occurred across all soil depths
(0-10, 10-20, 20-30, 30-60 cm) except for the 60-
110 cm. From 2009 to 2010, soil carbon stocks
declined but remained on average above the 2008
benchmark levels. This result was in contrast to
anticipated carbon increases from climatic
conditions more favourable to enhanced and
sustained pasture growth.

American Buffel pastures showed the
least potential to sequester carbon in the top 30
cm of all perennial pasture species from 2008 to
2010. Below this depth, the rate of increase or

change in soil carbon stocks reduced on average
with increasing depth for all treatments. This
implies that if sequestration of carbon at depth is a
function of plant root activity and the symbiotic
relationship with soil biology, then the vast
majority of plant roots that are the pathway for
depositing carbon exudates/biological foods are
located within the top 30 cm.

The landscapes that exhibited visual
change in increased plant biodiversity of perennial
grasses, legumes and weed species did sequester
carbon at slightly higher rates than monoculture
perennial pasture species. The evolution of the
environment created by such species provides
unique characteristics of potential higher
sequestration rates of soil carbon through
symbiotic, diverse soil biological relationships.

Increases in soil carbon concentrations
(%) occurred in soil types with lower bulk
densities. Soils with lower bulk densities provide
structural features that permit higher water
infiltration rates, increased air pores, higher
population and diversity of soil microbes, less root
penetration resistance which all contribute to
enhanced plant and root growth.

Key attributes to create an environment
for aiding sequestration of soil carbon will require
a paradigm shift in current grazing and cropping
management. The adoption of simple principles
from 100% year round ground cover, plant species
diversity and managing livestock can be achieved
in a short timeframe. More complex systems
incorporating cropping with grazing systems and
grazing with cropping systems should be
encouraged to deliver multiple benefits that
individually they cannot provide. Land managers
must create this environment for sequestration of
soil carbon.

2.0 Aim

The projects aims were to:

9 define the baseline soil carbon levels
under the influence of grazing and
cropping landuses throughout the Fitzroy
Basin.

9 to demonstrate that using innovative soil,
plant and cattle management practices can

sequester atmospheric carbon and
increase soil carbon levels.
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3.0 What is soil carbon?
Soil carbon comprises three distinct

forms; living, labile and stable. Living carbon is
largely comprised of soil biology, earthworms and
plant roots. Labile carbon is the decaying plant
and animal material of the once living component.
Stable carbon such as charcoal, humus and
glomalin are converted from labile forms via
microbial processes. The term total soil carbon
that this project is using is the combination of

labile and stable carbon fractions.
F Y ‘

Figure 1: Soil carbon deposits (darker soil) at 80-90
cm in a loamy sand soil.

3.0 Property and trial site
descriptions

The trial sites were located on six grazing
properties and one cropping property within the
Fitzroy Basin. The landscape characteristics of all
properties varied considerably from softwood
scrub uplands through to brigalow alluvial plains
interspersed with gilgai formations to open downs
plains. Each property was primarily selected on
the basis that the owner expressed a desire to be a
long-term committed partner of the project.

Trial sites at the property level were
selected for the following attributes:

9 Soil types, pasture composition and
vegetation were representative of the local
area.

1 Innovations in management including
pasture cropping, compost teas and cell
grazing were currently adopted or to
commence within the timeframes of the
project.

1 Re-establishment of productive perennial
pastures from long-term forage cropping

paddocks used for cattle feed budgeting
(e.g. forage sorghum/oats).

9 Cattle management practices had been
adopted for a minimum of five years or
would alter at the commencement of the
project.

1 Record keeping practices including cattle
production and rainfall totals were already
occurring and could continue for all sites.

Soils for all monitoring sites were
classified by experienced soil scientists of the
Department of Environment and Resource
Management (DERM) and entered into the SALI
database. The database includes soil, vegetation
and landscape characteristics of short and long-
term monitoring sites throughout Queensland. Site
description details are located in (Appendix 2).

The six grazing properties involved in the
project were:

1 “Shingle Hut” and “Rainbow’s End”
owned by Mr Peter Attard,
1 “Roselea” owned by Mr Noel and Marie

Moretti,

1 “Dumbarton” and “Dashells” owned by

Mr Terry and Claire Waters,

1 “Mick’s Block” leased by Mr Kim and

Lucy House.

The cropping property involved in the
project was:
1 “Tarvellor” owned by Mr Dave and Marg
Daniels.

3.1 Climate
Climatic conditions experienced within

the project timeframe were typically contrasting
with extended dry conditions followed by either
short intense rainfall activity or unseasonal above-
average rainfall. Less than average rainfall (70%
of long-term) fell between the annual sampling
intervals of 2008/09. January and February
recorded 70% of the total rainfall with little or no
rainfall occurring until November 2009. Between
annual sampling of 2009/10, above average
rainfall was recorded between February and mid
April 2010 followed by a typical early winter
pattern. From mid-August onwards, project sites
received unseasonal above average rainfall totals
prior to 2010 soil sampling.
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Figure 2: Forest Bluegrass trial site at ‘Mick's Block
during annual sampling in October 2008.

Figure 3: Forest Bluegrass trial site at "Mick's
Block" in January 20009.
! /

Figure 4: Forest Bluegrass trial site at ‘Mick’s
Block’ in February 2009.

Figure 5: Forest Bluegrass trial site at ‘Mick's
Block" in October 2009.

4.0 Trial protocols including
treatments

4.1 Grazing Management
All grazing properties were managed

using the cell grazing technique developed by Mr
Terry McCosker of Resource Consulting Services
(RCS). All property owners had attended the
introductory workshop (Grazing for Profit) prior
to 2005 with most developing their understanding
of the holistic management technique through
additional higher level workshops.

Cell grazing provides producers with
tools to estimate feed budget requirements months
in advance and adjust stock numbers accordingly
to the current and projected outlooks. Figures 2 to
5 depict pasture biomass change in a 12 month
period between October 2009/10. This site was
continuous grazed until June 2007 before
converting to cell grazing. Following above
average rainfall in January and February 2009,
little or no rainfall was recorded until November
of the same year. Even under these harsh
conditions, Forest Bluegrass (Figure 5) still
retained adequate plant structure to provide
ground cover that assisted water infiltration rates
of early spring rainfall.

& T—

Figure 6: Creating disturbance from animal impact
using large cattle numbers confined to small
paddocks or cells is a key component of a cell
grazing management system adopted at ‘Roselea’.

Record keeping including grazing charts
was maintained for each trial paddock. Rainfall
records were recorded principally at the main
residence although variations in rainfall patterns
did occur across individual properties.
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4.3 Grazing - Treatments
All trial sites were actively managed

between annual sampling dates. Due to climatic
conditions, treatments such as pasture cropping
were not practiced after 2008. Soil moisture
conditions were not conducive to plant
establishment in the late Autumn/early winter
period as pastures tend to become dormant in
Central Queensland. Subsequently all treatment
effects from pasture cropping are in essence a
reflection of cattle management practices.
Compost teas and extracts with added
biological food sources were applied as individual
treatments on one property. Rainfall totals of 50
mm or more in a 24 hour period with actively
growing pastures preceded applications of
compost teas or extracts. A combination of low
soil moisture conditions, inaccessibility to sites
following prolonged rainfall and lack of sustained
pasture growth reduced the target number of
applications for compost teas and extracts.

&

Figure 7: Compost tea 'brewing’ inside an aerated
tank prior to application at 'Shingle Hut'.

The majority of individual paddocks/cells
contained a minimum of two treatments adjacent
to one another. Cattle grazing patterns did not
appear to be influenced by various treatments with
similar grazing pressure across the entire cell. In
some trial sites, only one treatment was preferred
where paddocks with unique prior management
(e.g. cattle forages such as oats/forage sorghum)
could be directly compared to paddocks with a
long history of perennial pastures.

Individual treatments used within this
project were as follows:

9 Control: Pasture only,

9 Bare Control: Bare soil only,

9 Pasture Cropping: Winter cereal grown in
pastures,

1 Bare Pasture Cropping: Winter forage
grown in bare soil,

9 Tea: Compost tea foliar applied,

Extract: Compost Extract foliar applied

9 Perennial Pasture Species: pastures
dominated by American Buffel, Couch
Grass, Urochloa, Forest Bluegrass and
Gatton Panic, and

1 Old Cultivation: Regenerating former
forage cropping paddocks to perennial
pastures.

=

Cattle grazed each treatment accordingly
to target levels of pasture growth as determined by
individual property owners but were not permitted
access to the pasture cropping treatment when the
winter cereal crop was grown. Higher levels of
pasture biomass were removed months in advance
prior to establishment of the winter cereal crop.
This technique was aimed at reducing stored
energy levels of pasture species to enable the
winter cereal the best opportunity to ‘out
compete’ the existing perennial pastures. Cattle
did graze the bare pasture cropping treatment to
take advantage of the winter forage when sown.

4.2 Cropping

The cropping property had been
conventionally managed (zero-tillage, synthetic
dry fertilisers) until 2005 before embarking on a
biological approach. Compost teas and liquid
nutrients were initially trialled with the teas
manufactured on farm. Labour constraints and
varying quality of the compost teas resulted in the
development of a commercial compost extract
with specific enzymes to compliment a liquid
nutrient program.

Management of the four monitored
paddocks was determined by the property owner.
Soil sampling was performed when paddocks did
not contain actively growing plants. Opportunity
cropping practices led to one cereal and/or legume
crop between annual monitoring in 2008 and
2009. No soil sampling occurred in 2010/11 due
to prolonged rainfall activity (August 2010 to
April 2011).
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Figure 8: Looking parallel to harvested winter
wheat rows on a biological cropping treatment at
"Tarvellor' in October 2009.

4.3 Establishing a Monitoring Pattern
Trial sites were originally sampled in

2007 using a monitoring design by the initial
project leader. Subsequent annual monitoring was
performed using the same monitoring approach to
provide continuity in the sampling process. There
were inconsistencies in the monitoring layout
between and within properties for areas of unique
landscape characteristics or past management
actions (e.g. burning to control Brigalow
regrowth).
Cell 1 Cell 2 *

X **

R\
Cell 3 \_/ Cell 4

X
X
X
*
**

*

Figure 9: Monitoring pattern layout for trial sites
on grazing properties (not to scale). The pattern
within Cell 2 was routinely adopted where one
treatment was imposed per cell. The Cell 3 pattern
was used where multiple treatments were trialled
per cell. The centre circle represents a central
watering point.

262624

X
X
x
X

Individual paddocks/cells within each
grazing property contained four permanent
monitoring locations. The cropping property had
three permanent monitoring points in each trial
paddock. Natural and man-made impediments
such as roads, trees, fencelines, contour banks,

seismic line surveys, landscape patterns
(melonholes), watering points and paddock access
were considered in the original monitoring plan.
Monitoring points were GPS referenced and
located between 30 and 50 m apart in a straight
line transect so repeat sampling could traverse a
similar directional path.

5.0 Sampling Protocols
Four individual soil cores (spaced on

average between 2 and 3 metres apart) were
collected at each monitoring point using a
mechanical coring device. The four cores were
combined and sub-sampled across a range of
depths; 0-10, 10-20, 20-30, 30-60 and 60-110 cm.
The soil was crushed by hand then placed in
labelled brown paper bags and transported at
ambient temperature.

Figure 10: Intact soil cores collected prior to
processing into individual depth intervals.

Soils were dried at 40 for a minimum of
48 hours before being stored at ambient
temperature. Samples were transported to the
respective laboratory for analysis and were
analysed as one complete batch where possible to
limit variations in sample preparation.

Different above ground media was
encountered from totally bare soil to individual
grass crowns during soil sampling. It was rare for
a soil core to penetrate the basal area of a pasture
or cereal/legume species. Organic material of all
descriptions at the soil surface was removed at the
entry point of the soil core. Foreign plant material
including root biomass and additional soil beyond
laboratory requirements was removed prior to the
placement of soil within labelled paper bags.
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A composite manual sample (2 cores per
monitoring point) was collected adjacent to the
basal area of the dominant pasture species (mostly
American Buffel) in each grazing treatment.
Surface litter was removed using the same
procedure adopted with the mechanical coring
device. Given soil conditions at the time, a core
was extracted to a maximum depth of 10 cm and
processed in accordance with other soil samples.

Labile carbon was analysed in 2009 for
the 0-10 cm manual and mechanical soil samples.
In addition to the manual soil sample, all depth
intervals (0-10, 10-20, 20-30, 30-60 and 60-110
cm) were analysed in 2010 using a composite soil
sample from one monitoring point within each
paddock/cell.

All soil samples were analysed for total
carbon and total nitrogen. Additional analysis
including labile carbon, available nutrients, total
major and trace nutrients and major cations were
undertaken for all manual samples and one
monitoring point to 110 cm within each treatment.
The Environmental Analysis Lab (EAL) in
Lismore, New South Wales provided the
analytical services for all soil samples.

5.1 Bulk Density and Gravimetric Soil
Moisture

One soil core taken at the same
monitoring point for each treatment was analysed
for bulk density. Different soil and plant media
were often encountered due to the random nature
of selecting the sampling location. The bulk
density sample was sub-sampled at the same
depth intervals as the soil carbon cores. Samples
were weighed prior to be being dried at 110 for
48 hours. Samples were re-weighed to provide a
gravimetric soil moisture and bulk density value.

6.0 Results

While the project principally examined
total soil carbon across different landuses and
innovative practices, other indices of soil health
were assessed. Bulk density is a primary
indication of soil structure and enables the
conversion of total soil carbon concentration (%)
to stocks (tonnes per hectare).

The labile component of total soil carbon
is the decaying plant and animal material. Labile

carbon was initially included in annual monitoring

during 2009 to review active carbon levels within
the top 0-10 cm. In 2010, analysis expanded to all
depth intervals to investigate the location and
range of the symbiotic association between plant
roots and soil biology.

The cropping property was sampled in
2008 and 2009 but due to persistent rainfall and
field capacity conditions through 2010 and early
2011, annual sampling was not possible. Changes
depicted are only relevant for a 12 month period
(08/09) and hence only briefly discussed.

6.1 Bulk Density
Bulk density values are required to

convert total soil carbon from a concentration (%)
to a stock (tonnes per hectare). Carbon stocks can
then be converted to CO2 equivalents or as a
carbon credit through multiplication by 3.67.
Carbon credits are the tradeable units of a carbon
trading scheme.

Due to time constraints, only one
individual bulk density sample was obtained from
each monitoring site per annual sampling. Bulk
density values are therefore only an indicative
value of the sampled area. Bulk density results are
described in terms of data collated from all
grazing properties only.

Major Finding: Average bulk density
values increased with depth (Figure 11) with
similar values of 1.38, 1.41 and 1.43 for the 0-10,
10-20 and 20-30 cm depths respectively. Higher
bulk densities were recorded in 2010 for all depths
(apart from 10-20 cm) with minor increases from
2009 in the 20-30 cm (5%) and 30-60 cm (6%)
intervals respectively.

M Annual 08 m Annual 09 Annual 10

1.20 -
1.00 -
0.80 -
0.60 -
0.40 -
0.20 -
0.00 - T
0-10

Figure 11: Average bulk density combined from
grazing properties only between 2008 and 2010.

10-20 20-30 30-60 60-110
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Minor Finding: The range of bulk
density values (Figure 12) for all treatments
reduced at lower depths within the soil profile.
For the 0-10 cm, the range recorded was 0.57
while at the 60-110 cm, the range had declined to
0.34.

2
18
16
14
12

1
0.8
0.6
0.4
0.2

0 T T T 1
0-10 10-20  20-30  30-60  60-110

= Max
= Min

- Aver

Figure 12: Range of average bulk density from
grazing properties only for 2008/09/10 annual
sampling.

Overall: The bulk density value of 1.4
often referenced as the average value for
Australian soils (within the top 0-30 cm) was
comparable to soils under the influence of
grazing. The increase in bulk density with depth is
reflective of less pore space, lower plant root and
soil biological activity resulting in poorer
structure and the gradual degradation process of
denser parent material.

The increase in range of bulk density (0-
10 cm) depths is related to spatial variability in
soil type, plant density and species, and distance
between the soil core sample and nearest pasture
plant. With pastures of lower plant density and
diversity, the greater the range between annual
bulk density values within the top 0-30 cm.

6.2 Total Soil Carbon
Soil carbon concentrations (%) were

converted to stocks (t/ha) using bulk density
values from annual sampling undertaken in 2008.
Although large variations in bulk density can
occur in spatial and temporal scales, particularly
within the top 0-30 cm, using the 2008 dataset
eliminated the influence from changes in bulk
density measured in 2009 and 2010.

Soil carbon within this report is described
in both concentrations and stocks. Higher

emphasis has been placed on stocks as this value
accounts for variation in bulk density across all
monitored sites.

6.2.1 Grazing Z All treatments

Major Finding: Soil carbon stocks (t/ha)
increased in 2009 by 2-3 t/ha across all soil depths
except for the 60-110 cm which declined by 2 t/ha
(Figure 13). In 2010, a decline in all soil depths by
2-3 t/ha occurred however all soil depths (except
for 60-110 cm) remained slightly above the 2008
baseline levels. There was no appreciable increase
in soil carbon stocks even at monitoring sites that
visually reflected higher order successional
change in perennial grass species and diversity.

® Annual 08 m Annual 09 Annual 10

50
45

40
35

30

25

20 -

15 4

10 -

5

0 - T T T
0-10

10-20 20-30 30-60 60-110

Figure 13: Average total soil carbon stocks (t/ha) (0
- 110 cm) from grazing properties only from 2008 to
2010.

Minor Finding: Soil carbon

concentration levels (%) were located
predominantly in the top 30 cm and comprised
approximately 75% of the total carbon
concentration pool to 110 cm (Figure 14).
Concentration levels for the 0-10, 10-20 and 20-
30 cm depth intervals increased from 2008 to
2010. The level of increase in concentration levels
decreased with increasing soil depth.

Overall: Even though soil carbon
concentration levels increased in the top 0-30 cm
from 2008 to 2010, this did not translate into a
comparative increase in soil carbon stocks at the
property level. Primarily this was due to a decline
in soil carbon concentration levels within soils of
higher bulk densities. The overall net effect was
little to no change in total soil carbon stocks from
2008 to 2010.
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M Annual 08 m Annual 09 Annual 10
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Figure 14: Average annual total soil carbon
concentration (%) (0-110 cm) from grazing
properties only between 2008 to 2010.

Increases in soil carbon concentrations
occurred in soil types and soil depths with lower
bulk densities. Soils with lower bulk densities are
characterised by higher water infiltration rates,
increased air pores, higher populations of
beneficial soil microbes and less root resistance
which contribute to enhanced plant and root
growth. These factors alone will aid the
sequestration of soil carbon but may in fact lower
bulk density values. Carbon substances such as
the humus have lower bulk density properties than
surrounding soils and if increasing over time, will
effectively lower bulk density.

6.2.2 Grazing z Individual treatments

Major Finding: For most treatments,
change in soil carbon stocks occurred within the
top 0-10 cm (Table 1). Four treatments including
Bare Control, Bare Pasture Cropping (Bare PC),
Compost Tea (Tea) and Extract exhibited similar
increases in soil carbon stocks of 3-4 t/ha from
2008 to 2010. There was little change in the
Control and Pasture Crop (Past Crop) treatments
in the same period.

Soil Depth 0-10 10-20 20-30

2008| 2010|% change | 2008| 2010|% change | 2008 2010(% change
Control 29| 31 7] 19| 22 13 17] 17 2
Past Crop 23| 24 5| 17 18 3| 14 15 7
Bare Control 12 15 28| 10 10 -5 9 8 -12
Bare PC 11 15 28 10 11 7 10 11 5
Tea 19 23 22 13 14 9 11 10 -3
Extract 19 22 13 13 14 8 9 11 31
Overall 19 22 17 14 15 6 12 12 5

Table 1: Average soil carbon stocks (t/ha) for 2008
and 2010 for three soil depths (0-10, 10-20 and 20-
30 cm).

Minor Finding: The increase in total soil
carbon concentration (%) for the tea treatment
(Figure 15) did not occur as a direct result of
compost tea applications. Climatic conditions
reduced the number of planned applications.

H Annual 08 m Annual 09 Annual 10
3.0

2.5 -
2.0 18
1.6

15 - 1.

1.01.0 1.
1.0 -
0.5 - ﬁ
0.0 - T

Control Past Crop Bare Bare PC Tea Extract
Control

Figure 15: Average total soil carbon concentration
(%) (0-10 cm) for individual treatments for grazing
properties only between 2008 and 2010.

Overall: The planned applications of
compost teas, extracts and pasture cropping did
not occur for a variety of reasons as previously
stated within this report. Limited confidence
exists in whether these innovative practices had an
effect on soil carbon levels. The purpose of
including these results was to acknowledge the
contribution by all project participants on being
innovators within their industry.

6.2.3 Grazing z Plant species, bare soil and
old cultivation treatments

Major Finding: American Buffel
pastures showed the least potential to sequester
carbon in the top 30 cm of all pasture species.
Couch grass pastures had similar increases in soil
carbon stocks for the 0-10, 10-20 and 20-30 cm
depth intervals (Figure 16). Bare soil showed the
highest increase in soil carbon stocks (28%) for
the 0-10 cm of all treatments but did not show any
notable changes at lower depths. Perennial pasture
species such as Couch, Gatton Panic and Mixed
Species were the highest accumulators of soil
carbon of all treatments.
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Figure 16: Percentage change (%) in total soil
carbon stocks (t/ha) for individual depth intervals
(cm) from 2008 to 2010. Note that the couch grass
pastures were only sampled to 60 cm.

Minor Finding: The old cultivation
treatment showed the least potential of all
treatments to sequester carbon. Baseline soil
carbon stocks at all depths were high in
comparative terms to other treatments. Little
above (plants) and below ground (roots) biomass
contributed to nil carbon accumulation.

Soil carbon stocks at depth (60-110 cm)
were somewhat influenced by stable forms of
carbon deposits within some treatments. Carbon
pathways of decomposed plant roots were
encountered which elevated localised soil carbon
stocks (Figure 17). During repeat annual sampling
such pathways were often encountered at the same

Figure 17: Soil carbon deposits from decomposed
plant roots extending to 90 cm within an American
Buffel pasture. The white strands represent new
root growth.

Overall: American Buffel pastures
showed the least potential of all pastures in
sequestering carbon. Buffel is the dominant
improved pasture species within Central

Queensland and tends to become a uniform
monoculture plant stand (albeit through cattle
management). The potential for these pastures in
sequestering carbon may be very low. In contrast,
the mixed pastures (which included American
Buffel) displayed uniform potential across most
soil depths for building soil carbon levels and thus
increasing soil fertility.

Increases in soil carbon for the bare
treatment had a direct relationship with cattle
management. Visual evidence of cattle hoof
impact, dung deposits and seed germination from
dung were observed throughout the treatment.
Roots were recorded to 50 cm depth even though
plants were not present within the vicinity of the
soil cores. This indicates that either annual plants
were once present or perennial grass roots were
laterally seeking nutrients and soil moisture from
the bare areas. The increase could also be related
to the present of specific bacteria known to
sequester carbon without the presence of plants.

6.2.4 Cropping z Zero Tillage

Major Finding: Soil carbon stocks
remained static for 0-60 cm between 2008/09.
This outcome supports present opinion that zero
tillage can at best maintain current soil carbon
levels. The significant increase within 60-110 cm
is a product of soil cracking properties (Figure 18)
in an open downs landtype and doesn’t reflect
carbon accumulation through plant root exudates
and root decomposition.

= . AN

Figure 18: Extensive surface leading to deep profile
cracking of an open downs soil under cropping in
October 2009.

Minor Finding: Soil carbon levels (t/ha)
within the cropping property were low compared
with the grazing properties. The cropping property
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did however record higher soil carbon
concentration levels (%) at depths below 10 cm
than all grazing properties. Lower bulk density
values translated to lower soil carbon levels (t/ha).

m Annual 08 m Annual 09
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Figure 19: Average total soil carbon stocks (t/ha)
for individual soil depth (cm) in 2008 and 2009.

Overall: The cropping treatment
exhibited no change in carbon levels to 60 cm.
The increase in the 60-110 cm depth interval can
be attributed to the cracking properties of open
downs soils. Surface material including soil and
organic matter with higher levels of carbon
dislodge and fall into cracks. Cracks are created
from the shrinking properties of clay when soil
moisture levels are low. As soil moisture
increases, the clays expand, trapping the higher
carbon material at depth. Open downs soils are
commonly referred to as ‘self-mulching’ as this
process implies.

6.3 Labile Soil Carbon
Labile carbon was initially measured in

the topsoil (0-10 cm) during 2009 than at all depth

intervals in 2010. The labile carbon component of
soil carbon comprises decaying plant and animal
material that were once living.

Major Finding: Labile carbon
concentration (%) for the greater part was located
in the topsoil (0-10 cm) and represented 38% of
the total labile carbon pool (Figure 20) to 110 cm.
Approximately 80% of the total labile carbon
concentration was recorded in the top 0-30 cm.
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Figure 20: Average labile soil carbon concentration
(%) for individual soil depths (cm) for grazing
properties only.

Labile carbon concentration levels (0-10
cm) were lower in bare soil conditions than in
grassed pastures (Figure 21). American Buffel
pastures showed a similar response to Bare and
Old Cultivation treatments in decline of labile
carbon concentration levels between 2009/10.

As total soil carbon concentration levels
increase, so did the labile component (Figure 22).
The labile carbon concentration accounts for
approximately 30% of the total soil carbon
concentration in all grazing properties.

m Annual 08 m Annual 09 Annual 10
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0.6

Figure 21: Average labile soil carbon concentration
(%) (0-10 cm) for individual treatments in grazing
properties only.
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Figure 22: Labile carbon concentration (%) (y-axis)
(0-10 cm) v total soil carbon concentration (%) (x-
axis) (0-10 cm) for grazing properties only.

Minor Finding: There was a decline in
labile carbon stocks (t/ha) from 2009 to 2010
(Figure 23) which correlated to the decline in total
carbon levels (t/ha).
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Figure 23: Average labile soil carbon (t/ha) (0-10
cm) for individual treatments for grazing properties
only.

The American Buffel, Bare Soil and Old
Cultivation treatments exhibited the highest
decline in labile carbon stocks (Figure 24)
between 2009 and 2010. Gatton Panic and Forest
Bluegrass pastures declined by 23 and 28 %
respectively while Couch grass pastures
maintained similar levels within the 12 month
period.
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Figure 24: Percentage change in labile carbon
stocks (t/ha) (0-10 cm) for individual treatments
between 2009/10 in grazing properties only.

Overall: The majority of labile carbon
concentration was found in the top 30 cm within
all grazing properties. The decaying plant and
animals (i.e. plant roots, soil biology, earthworms
etc.) that comprise labile carbon therefore must be
influenced by once living plant and root biomass
that co-existed with micro and macro animal
populations.

American Buffel pastures recorded
similar labile carbon concentrations to that of bare
soil and old cultivation paddocks. Buffel tends to
form isolated clumps and creates bare soil surface
conditions between individual plants. Random
sampling in such circumstances would encounter
more bare soil conditions that plant basal areas.
This factor alone may have directly influenced the
similar response with other bare soil treatments
(Figure 24).

7.0 Discussion

Current management practices within
grazing and cropping land uses in Central
Queensland show limited short-term potential for
sequestering carbon. Management practices such
as cell grazing and zero tillage at best maintain
our current soil carbon levels. Innovative practices
such as pasture cropping may enhance soil carbon
levels but are yet unproven at any landscape scale
in Central Queensland. Pasture cropping is highly
dependent of enhanced winter rainfall activity
associated with low minimum temperatures to
restrict competition from perennial pasture
growth. Research during late 2010/early 2011
examining pasture cropping in spring/summer
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when soil moisture and rainfall are more reliable
is showing better potential.

A bulk density value of 1.4 for the top 0-
30 cm reflects average soil structure conditions in
grazing properties. As bulk densities approach
1.6, they tend to restrict root growth (McKenzie
et. al.2004). At the 60-110 cm soil depth, average
bulk densities were approximately 1.6 thus it is
assumed root growth and plant performance
would be impeded.

Bulk density was highly variable within
0-30 cm with the greatest range (0.57) occurring
in the topsoil (0-10 cm). With increasing soil
depth, the range in bulk density values decreased.
The variable nature of bulk density needs to be
accounted for within any monitoring system
designed as part of a carbon credit scheme.

The dominant American Buffel pastures
in Central Queensland possess less ability to
sequester soil carbon unlike pasture stands with
Couch, Gatton Panic and diverse plant species.
Grazing management that promotes monoculture
Buffel pastures tend to limit establishment and
persistence of other more palatable pasture
species. Buffel pastures are also characterised by
bare areas forming between individual plants
which would increase soil carbon degradation
through soil erosion, lower active microbial
populations and labile carbon levels.

Conversely, the mixed pasture species,
Couch and Gatton Panic pastures demonstrated
increases in soil carbon stocks throughout the soil
profile. The level of increase from the mixed
pasture species was lower than the couch grass
pastures although the couch grass pastures
recorded lower baseline soil carbon stocks
compared to the mixed pastures beyond 10 cm
soil depth.

On average, soil carbon stocks increased
in 2009 but declined in 2010 to remain at or
slightly higher than the baseline values of 2008.
Increases in soil carbon stocks occurred
predominantly in the top 30 cm. Below this depth,
the rate of increase or change reduced on average
with increasing depth. This trend was also
reflected in the labile carbon stocks which showed
a similar response to total soil carbon stocks.
These findings suggest that the majority of plant
root biomass that is the principal pathway in

sequestering atmospheric carbon within soils is
located within the top 30 cm. While this project
did not define the spatial dynamics of plant root
biomass, other studies within the Burdekin
Catchment have shown that this fine rootlet mass
is predominantly located within 0-30 cm (Bray et
al. 2006).

The influential role of climate
experienced within this project cannot be
underestimated in governing the rate of soil
carbon sequestration. For the sub-tropical
environment of Central Queensland, lengthy
periods of high soil temperatures combined with
soil moisture increases microbial respiration of
existing less stable soil carbon deposits. Soil
microbes that convert labile carbon to more stable
forms such as humus do not appear to be function
within the current environment that producers are
creating within a grazed landscape.

If we are to increase soil carbon levels
within grazing and cropping systems, producers
will need to create the environment. Plants and
animals are the basic tools that need to be
managed in the landscape to promote longevity in
plant activity, creation of diverse plant ecosystems
and above all, soil surface conditions that aid
biological activity.

8.0 Recommendations to increase soil
carbon levels

Historical data on average indicates that
soil organic carbon levels have declined by 30 -
60% in Brigalow soils from the effects of grazing
and cropping (O’Grady 2007). Data suggests that
carbon decline in soils has occurred within the top
0 — 30 cm (Moody 2002). Below this depth, soil
carbon levels are often very similar to historical
levels thus implying that 0-30 cm is where the
immediate potential lies in rebuilding soil carbon
levels.

Soil carbon within the extended topsoil (0
-30 cm) tends to be cyclic by nature with
environmental factors controlling the rate of
sequestration and decay. Fluctuations in soil
moisture and temperature create short-term
boom/bust microbial cycles. Soil microbiology
governs the transition of labile carbon to stable
carbon pools which in the grazing and cropping

Page 16



landscapes within Central Queensland is not
occurring in the present day environment.

The challenge is to understand how we
can sequester soil carbon or build new topsoil in
broad acre grazing and cropping systems in
Central Queensland. This will require new
thinking and action, a paradigm shift away from
present day management to embrace new systems
in creating the environment for change to occur.
The following are key components of systems that
are inter-linked and required in their entirety to
aid soil carbon sequestration:

1 Ground cover should be 100% all year for
grazing and cropping systems. Ground
cover in grazing and cropping systems
should be in two forms; active diverse
living plants (perennial grasses, cereals,
legumes, herbs, weeds, shrubs and trees)
and plant litter (detached plant material
from all living plants and root
decomposition). In cropping systems,
varying forms of ground cover will be
located in a different temporal and spatial
context to that of grazing.

9 The creation of an environment for soil
biology is required to aid nutrient cycling
for plant growth, build soil health through
aggregation, convert labile carbon to
stable humus forms and bring ‘life” into
the soil. Nature discourages bare soil and
monocultures that do not support diverse
beneficial soil organisms. Create the
environment and they will come.

9 Increasing the green leaf surface within
our cropping and grazing systems to
provide continuity in removing
atmospheric carbon and dispersing it
through root exudates within our soil.
Perennial plants are required in a grazing
system while green manures, livestock to
manage plants and opportunity cropping
are all pre-requisites for a cropping
system.

1 Incorporation of cropping with grazing
systems and grazing with cropping
systems should be encouraged to deliver
multiple benefits that individually they
cannot provide. Cropping within grazing
in the form of pasture cropping has

enabled an efficient form of establishing
new plants within permanent pastures.
Grazing within cropping systems has
shown to aid stubble digestion, control
weeds and increase nutrient availability
through animal bio-products.

9 The use of grazing management
techniques to increase the amount of
standing biomass returned to the soil
surface. The biomass should include
active and lignified material to provide a
suite of food sources for all biological
organisms. This thatch layer will in turn
promote germination of new seeds and if
appropriate rest is introduced, these plants
will increase the diversity of pasture
species thus increasing soil carbon levels
and balancing feed requirements for
cattle.

9 Use of legumes to increase soil nitrogen
levels thus creating an imbalance in the
soil carbon/nitrogen ratio. Higher levels
of soil nitrogen promote sequestration of
carbon by aiding plant and soil biology
responses to balance the carbon/nitrogen
ratio.

9 Timed disturbance within all systems to
place standing material on the soil
surface, incorporate material within the
soil surface and by-products to aid
breakdown of this material.
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Appendix 1: Location of Carbon Monitoring Sites
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Appendix 2: Soil description of carbon monitoring sites

Property A — Tarvellor (no soil and vegetation description)

Property B — Mick’s Block
Location: GDA 94 ZONE 55  Lat: -24.17032 Long: 149.8665

Soil Classification: HAPLIC, EUTROPHIC, BROWN, Chromosol, Thin, Non- gravelly, Clay Loamy, Clayey, Moderate.

Vegetation: Tallest Stratum Species Silver-leaved ironbark (Eucalyptus melanophlogja

Lower Stratum Species: Indian Couch (Bothriochloa pertusg Urochloa (Urochloa Mosambicens)jsForest bluegrass (Bothriochloa bladhi).

Profile Morphology:

Horizon Depth Colour Mottles Texture Structure Coarse Segregations Boundary
(m) Grade Type Size Fragments Distinct
Al 0.00- 0.08 brown (10YR43) - fine sandy massive no coarse fragments  no abrupt
clay loam 0% segregations
A2j 0.08 - 0.13 brown (10YR43); light - fine sandy massive no coarse fragments  no abrupt
grey (10YR72) clay loam 0% segregations
B21 0.13- 0.35 dark brown (10YR33) few 2-10% fine light strong subangular 5-10mm no coarse fragments diffuse
<5mm distinct red medium blocky 0%
mottles
B22 0.35- 0.65 very dark greyish - medium moderate  lenticular 2-5mm no coarse fragments  no
brown (2.5Y32) clay 0% segregations

Property C — Shingle Hut

Location: GDA 94 ZONE 55  Lat: -24.43773 Long: 149.99586

Soil Classification: SODIC, HYPOCALCIC, BROWN, Dermosol, Thin, Non- gravelly, Clayey, Deep.
Vegetation: Tallest Stratum Species: Brigalow (Acacia harpophyllg Dawson Gum (Eucalyptus cambageaja
Lower Stratum Species: Buffel grass (Cenchrus ciliari$; Rhodes grass (Chloris gayana
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Profile Morphology:

Horizon Depth Colour Mottles Texture Structure Coarse Segregations Boundary
(m) Grade Type Size Fragments Distinct
Al 0.00 - 0.08 very dark greyish - light strong subangular 5-10mm few 2-10% subangular no clear
brown (10YR32) medium blocky quartz small pebbles 2- segregations
clay 6 mm
B21 0.08 - 0.20 dark brown (10YR33) - light strong subangular 5-10mm few 2-10% subangular no gradual
medium blocky quartz small pebbles 2- segregations
clay 6 mm
B22 0.20- 0.60 brown (10YR43) - medium strong subangular 5-10mm very few <2% very few <2% diffuse
clay parting to  blocky parting to subangular quartz medium 2-
strong partingto  2-5mm medium pebbles 6-20  6mm
subangular mm calcareous
blocky soft
segregations
B23 0.60- 1.20 brown (10YR43) - medium strong subangular 5-10mm no coarse fragments - -
clay parting to  blocky parting to 0%
strong partingto  2-5mm
subangular
blocky

Property D — Rainbow’s End

Location: GDA 94 ZONE 55

Lat: -24.47469 Long: 150.01613

Soil Classification: EPISODIC, SELF-MULCHING, GREY, Vertosol, Non- gravelly, Medium Fine, Deep.
Vegetation:
Tallest Stratum Species: Brigalow (Acacia harpophyll® Dawson Gum (Eucalyptus cambageaha

Lower Stratum Species: Buffel grass (Cenchrus ciliari$;Urochloa (Urochloa Mosambicens)s
Profile Morphology:

Horizon Depth Colour Mottles Texture Structure Coarse Segregations Boundary|
(m) Grade Type Size Fragments Distinct
Al 0.00- 0.14 very dark grey - medium moderate  subangular 5-10mm no coarse fragments  no gradual
(10YR31) clay blocky 0% segregations
B21 0.14 - 0.37 dark grey (10YR41) - medium moderate  subangular 10-20mm no coarse fragments  no gradual
clay parting to  blocky parting to 0% segregations
strong partingto  2-5mm
lenticular
B22 0.37 - 0.58 dark greyish brown - medium moderate  lenticular 2-5mm no coarse fragments  no diffuse
(10YR42) clay 0% segregations
B23 0.58 - 1.20 brown (10YR53) - medium moderate  lenticular 2-5mm no coarse fragments  no -
clay 0% segregations
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Property E — Dashells

Location: GDA 94 ZONE 55
Soil Classification: EPISODIC, SELF-MULCHING, BLACK, Vertosol, Non- gravelly, Medium Fine, Deep.

Vegetation: Tallest Stratum Species: Red Bauhinia (Lysiphyllum carronij; Brigalow (Acacia harpophylla); Black Ti-tree (Melaleuca bracteata)
Lower Stratum Species: Bambatsi Panic (Panicum coloratum var. makarikariens€reeping Blue Grass (Bothriochloa insculpth Queensland bluegrass

(Dichanthium sericeujn
Profile Morphology:

Lat:-25.62114 Long: 149.59067

Horizon Depth Colour Mottles Texture Structure Coarse Segregations Boundary
(m) Sk Type Size Fragments Distinct
Al 0.00- 0.16 very dark grey - medium moderate  subangular 5-10mm no coarse fragments  no diffuse
(10YR31) clay blocky 0% segregations
B21 0.16 - 0.37 very dark grey - medium strong lenticular ~ 5-10mm no coarse fragments - diffuse
(10YR31) clay 0%
B22 0.37- 0.75 very dark grey - medium strong lenticular 2-5mm no coarse fragments  no diffuse
(10YR31) clay 0% segregations
B23 0.75- 1.05 dark greyish brown - light strong polyhedral  5-10mm no coarse fragments  very few <2% -
(2.5Y42) medium 0% fine <2mm
clay calcareous
soft
segregations
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Property F — Dumbarton
Location: GDA 94 ZONE 55

Lat: -25.61151 Long: 149.62042
Soil Classification: HAPLIC, SELF-MULCHING, BROWN, Vertosol, Non- gravelly, Medium Fine, Medium Fine, Moderate.
Vegetation: Tallest Stratum Species Red Bauhinia (Lysiphyllum carronij; Brigalow (Acacia harpophyll® Belah (Casuarina cristata

Lower Stratum Species: Buffel grass (Cenchrus ciliari3.
Profile Morphology:

Horizon Depth Colour Mottles Texture Structure Coarse Segregations Boundary
(m) Grade Type Size Fragments Distinct
Al 0.00- 0.12 dark greyish brown - medium strong subangular 2-5mm no coarse fragments  very few <2% gradual
(10YR42) clay blocky 0% medium 2-
6mm
calcareous
soft
segregations
B21 0.12- 0.31 dark greyish brown - medium strong subangular 2-5mm no coarse fragments  very few <2% gradual
(10YR42) clay parting to  blocky parting to 0% medium 2-
strong partingto  <2mm 6mm
lenticular calcareous
soft
segregations
B22 0.31- 0.51 yellowish brown - medium strong subangular 2-5mm no coarse fragments  no gradual
(10YR54) heavy clay partingto  blocky parting to 0% segregations
strong partingto  <2mm
lenticular
B23 0.51- 1.10 yellowish brown few 2-10% medium strong subangular 5-10mm very few <2% no -
(10YR54) medium 5-15mm heavy clay partingto  blocky parting to subangular ironstone  segregations
faint dark mottles strong partingto  <2mm medium pebbles 6-20

lenticular

mm
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Property G — Roselea

Location: GDA 94 ZONE 56
Soil Classification: SODIC, EUTROPHIC, BROWN, Dermosol, Thick, Gravelly, Clayey, Clayey, Deep
Vegetation: Tallest Stratum Species: Belah (Casuarina cristatq Narrow-leaved bottle tree (Brachychiton rupestris

Lower Stratum Species: Buffel grass (Cenchrus ciliari3, Green panic (Panicum maximum var. trichogluine
Profile Morphology:

Lat: -24.70863 Long: 150.64514

Horizon Depth Colour Mottles Texture Structure Coarse Segregations Boundary
(m) Grade Type Size Fragments Distinct
A1l 0.00- 0.20 dark brown (10YR33) - light clay moderate  subangular 2-5mm common 10-20% no gradual
blocky subangular ironstone  segregations
small pebbles 2-6 mm
Al2 0.20 - 0.37 dark yellowish brown - light strong subangular 2-5mm common 10-20% no clear
(10YR34) medium blocky subangular ironstone  segregations
clay small pebbles 2-6 mm
A2j 0.37 - 0.49 brown (10YR43); pale - light clay; weak subangular many 20-50% no clear
brown (10YR63); coarse blocky subangular tabular segregations
very pale brown sandy ironstone medium
(10YR73) pebbles 6-20 mm; many
20-50% subangular
tabular ironstone small
pebbles 2-6 mm
B21c 0.49- 0.80 dark yellowish brown common 10-20%  medium moderate  subangular 10-20mm no coarse fragments common 10-  diffuse
(10YR44) medium 5-15mm heavy clay partingto  blocky parting to 0% 20% fine
faint grey mottles; moderate  partingto  5-10mm <2mm
few 2-10% fine lenticular ferromanganif
<5mm faint red erous
mottles nodules;
common 10-
20% medium
2-6mm
manganiferou s
soft
segregations
B22c 0.80- 1.25 dark yellowish brown - medium strong lenticular 20-50mm no coarse fragments  common 10- -
(10YR44) clay partingto partingto  parting to 0% 20% fine
strong lenticular 5-10mm <2mm
ferromanganif
erous nodules;
few 2-10% fine
<2mm
manganiferous
soft segregations
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Appendix 3: Soil carbon stocks (t/ha) for all monitoring sites (0-10 cm)

08-09 09-10 08-10
Control Annual 08 Annual 09 Annual 10 % change abs change % change abs change % change abs change
Bare 12 15 15 29 3.5 -1 -0.2 28 3.3
MBB301 12 15 26 3.1
MBB302 13 16 17 27 3.4 7 1.1 36 4.5
MBB303 12 13 14 10 1.1 9 1.2 20 2.3
MBB304 11 17 14 56 6.2 -18 -3.0 29 3.2
Couch Grass 19 24 24 31 5.8 0 0.0 31 5.8
MBB313 11 28 23 159 17.0 -16 -4.3 119 12.7
MBB314 19 21 24 13 2.5 14 3.0 29 55
MBB315 22 20 23 -7 -1.5 14 2.8 6 13
MBB316 23 29 27 23 5.3 -5 -1.5 16 3.8
Forest Bluegrass 24 30 26 25 5.9 -11 -3.1 12 2.8
MBMIOS5 23 29 25 25 5.8 -13 -4.0 8 1.9
MBMIO6 23 30 29 29 6.7 -5 -1.5 22 5.2
MBMIO7 19 26 30 38 7.3 14 3.7 58 11.0
MBMIO8 29 32 22 13 3.8 -33 -10.8 -25 -7.1
Gatton Panic 40 42 42 4 1.8 0 0.1 5 19
RO5501 42 40 44 -5 -2.3 11 4.3 5 2.0
RO5502 39 43 40 10 3.7 -7 -2.9 2 0.8
RO5503 42 44 43 4 1.8 -3 -1.3 1 0.4
RO5504 38 42 42 10 3.8 1 0.4 11 4.2
American Buffel 34 34 31 -1 -0.3 -8 -2.5 -8 -2.8
DUCO01 28 33 30 16 4.6 -10 -3.2 5 1.5
DUCO02 31 34 31 8 2.5 -8 -2.7 -1 -0.2
DUCO03 46 35 29 -25 -11.5 -16 -5.6 -37 -17.0
DUCO04 30 33 34 11 3.1 4 13 15 4.4
Old Cultivation 19 21 19 12 2.3 -7 -1.4 5 0.8
DUCUO01 17 21 20 25 4.2 -4 -0.9 20 3.3
DUCUO02 19 21 17 10 1.8 -20 -4.1 -12 -2.3
DUCU03 17 20 19 21 3.6 -8 -1.7 11 1.8
DUCU04 22 21 22 -2 -0.5 5 1.0 2 0.5
Bare Pasture Cropping
Bare 11 14 15 20 2.2 7 1.0 28 3.2
MBB305 12 14 13 14 1.7 -8 -1.1 5 0.6
MBB306 11 12 14 17 1.8 13 1.6 32 3.5
MBB307 9 13 10 40 3.6 -21 -2.7 10 0.9
MBB308 13 15 21 13 1.8 40 6.1 59 7.9
American Buffel 20 23 20 11 2.2 -12 -2.7 -2 -0.4
RO6301 19 19 23 -2 -0.3 22 4.0 19 3.7
RO6302 17 17 22 1 0.2 32 5.4 34 5.6
RO6303 26 28 14 9 2.3 -49 -14.0 -45 -11.7
RO6304 20 26 20 35 6.8 -23 -6.2 3 0.6
Pasture Cropping
Couch Grass 20 26 23 30 6.0 -10 -2.7 17 33
MBB309 21 28 26 32 6.8 -7 -2.0 23 4.8
MBB310 19 22 23 19 3.5 4 0.9 24 4.4
MBB311 25 27 23 10 2.5 -15 -4.1 -7 -1.7
MBB312 15 27 21 72 11.1 -20 -5.4 37 5.7
Forest Bluegrass 26 27 24 3 0.9 -12 -3.2 -9 -2.3
MBMIOL 24 27 26 11 2.8 -3 -0.9 8 1.8
MBMI02 29 25 28 -14 -4.2 10 2.5 -6 -1.7
MBMIO3 25 28 25 12 3.0 -10 -2.9 0 0.1
MBMIO4 25 27 16 7 1.9 -42 -11.3 -38 -9.5
Gatton Panic 33 36 35 9 2.9 -3 -1.0 6 1.9
RO5505 29 33 35 11 3.2 7 2.2 18 5.4
RO5506 29 36 31 26 7.5 -14 -4.9 9 2.5
RO5507 37 37 36 2 0.6 -4 -1.4 -2 -0.8
RO5508 36 37 37 1 0.3 0 0.1 1 0.4
Mixed 18 21 20 14 2.6 -6 -1.2 8 15
DUDOO1 18 21 19 16 2.9 -10 -2.1 4 0.8
DUDO02 16 21 18 33 5.2 -14 -3.0 14 2.3
DUDOO03 19 18 18 -8 -1.6 1 0.2 -7 -1.4
DUDOO04 21 25 25 19 4.1 0 0.1 20 4.2
American Buffel 24 29 28 22 5.2 -4 -1.0 17 4.1
RO6305 26 34 29 28 7.4 -13 -4.4 12 3.1
RO6306 28 29 32 2 0.5 11 3.2 13 3.8
RO6307 19 26 26 36 7.0 -1 -0.2 35 6.7
RO6308 22 27 25 26 5.7 -10 -2.7 14 3.0
Old Cultivation 25 25 25 2 0.5 0 0.0 2 0.6
DbuUz301 18 22 21 27 4.8 -6 -1.4 19 3.4
DUZ302 26 19 23 -28 -7.2 25 4.6 -10 -2.6
DUZ303 19 19 22 2 0.4 13 2.6 16 3.0
DUZ304 20 23 21 13 2.7 -8 -1.7 5 1.0
RO4301 30 32 30 5 1.6 -4 -1.4 1 0.3
RO4302 29 32 29 9 2.5 -7 -2.2 1 0.3
RO4303 25 22 24 -12 -3.1 10 2.2 -3 -0.9
RO4304 31 34 31 8 2.6 -8 -2.6 0 0.0

Page 25



Compost Tea
American Buffel
SHCRO4
SHFHO1
SHFHO02
SHFHO3
SHFHO4
SHGPO1
SHGP02
Extract
American Buffel
RESBO1
RESB02
RE9BO3
RESB0O4
Cropping
ZeroTillage 1
Zero Tillage 2
Zero Tillage 3
ZeroTillage 4

Annual 08

19
20
19
15
25
16
18

19
14
21
24
18
41
40
29
30

Annual 09

26
29
21
19
18
21
29
47

26
28
31
16
29
43
44
30
32
65

Annual 10

23
22
23
17
20
25
30
26

22
23
20
24
19

10

w

% change

08-09

37
42
7
34
-29
28
55

abs change

7.1
8.5
1.4
4.9
-7.3
4.6
10.1
46.9

6.8
143
10.1
-7.7
10.7

% change

09-10

-1
23
9
-15
13
2
5
-44

-17
-18
-37

54
-33

abs change

-2.9
-6.7
1.9
-2.9
2.4
4.5
13
-20.8

-4.4
-5.0
-11.5
8.5
-9.5

% change

08-10
abs change

22 4.2
9 1.8
17 3.2
14 2.0
-19 -4.9
56 9.0
62 11.4
13 25
69 9.4
-6 -1.3
3 0.8
6 1.1
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Appendix 4: Soil carbon stocks (t/ha) for all monitoring sites (10-20 cm)

08-09 09-10 08-10
Control Annual 08 Annual 09 Annual 10 % change abs change % change abs change % change abs change
Bare 10 11 10 7 0.7 -11 -1.2 -5 -0.5
MBB301 9 11 13 1.2
MBB302 9 13 11 34 3.2 -13 -1.7 17 1.6
MBB303 13 11 9 -21 -2.9 -12 -1.3 -31 -4.2
MBB304 9 11 9 14 1.3 -11 -1.2 2 0.2
Couch Grass 13 16 15 30 3.8 -5 -0.9 23 2.9
MBB313 8 12 10 46 3.8 -13 -1.6 27 2.2
MBB314 12 18 18 44 5.4 3 0.5 48 5.9
MBB315 13 16 18 31 3.9 12 2.0 47 5.9
MBB316 17 19 15 11 2.0 -23 -4.4 -14 -2.4
Forest Bluegrass 17 22 20 26 44 -6 -1.4 18 3.1
MBMIO5 17 21 20 19 3.3 -2 -0.4 17 2.9
MBMIO06 19 21 19 14 2.6 -13 -2.8 -1 -0.2
MBMIO7 14 21 24 46 6.5 16 3.3 70 9.8
MBMIO08 19 25 19 27 5.3 -23 -5.6 -2 -0.3
Gatton Panic 24 30 28 27 6.3 -6 -1.9 19 4.4
RO5501 27 28 29 6 1.6 4 1.0 10 2.7
RO5502 21 29 29 40 8.4 -2 -0.5 38 8.0
RO5503 21 29 28 41 8.4 -4 -1.2 35 7.2
RO5504 27 33 26 26 6.9 -21 -7.1 -1 -0.2
American Buffel 23 26 23 11 25 -12 -3.2 -3 -0.6
DUCO01 18 28 26 58 10.2 -8 -2.2 45 8.0
DUCO002 21 29 24 39 8.2 -18 -5.3 14 2.9
DUCO03 25 20 17 -21 -5.3 -13 -2.6 -31 -7.9
DUCO04 29 26 23 -10 -3.0 -10 -2.6 -19 -5.6
Old Cultivation 21 20 21 -4 -0.8 5 11 1 0.3
DuCu01 21 20 20 -4 -0.8 -2 -0.3 -5 -1.2
DUCU02 21 19 20 -9 -1.8 8 1.6 -1 -0.2
DUCU03 18 19 20 9 1.7 5 0.9 14 2.5
DUCU04 25 23 25 -9 -2.1 9 2.1 0 0.0
Bare Pasture Cropping
Bare 10 12 11 10 11 -3 -0.3 7 0.8
MBB305 11 10 12 -13 -1.5 20 2.0 4 0.5
MBB306 8 12 11 48 3.9 -11 -1.3 32 2.5
MBB307 9 12 13 31 2.7 14 1.6 48 4.3
MBB308 14 13 9 -6 -0.8 -27 -3.4 -31 -4.2
American Buffel 13 15 10 18 2.3 -36 -5.5 -25 -3.2
RO6301 15 14 10 -7 -1.0 -24 -33 -29 -4.2
RO6302 10 11 9 8 0.8 -17 -1.9 -11 -1.1
RO6303 11 16 7 49 5.4 -57 -9.3 -35 -3.9
RO6304 16 20 13 26 4.2 -38 -7.7 -22 -3.5
Pasture Cropping
Couch Grass 13 16 16 28 35 -3 -0.5 24 3.0
MBB309 12 15 16 25 3.0 8 1.2 35 4.2
MBB310 13 15 18 16 2.0 22 3.2 42 5.2
MBB311 15 20 14 32 4.9 -33 -6.8 -12 -1.9
MBB312 11 15 16 39 4.3 2 0.3 42 4.6
Forest Bluegrass 19 21 22 13 2.5 0 0.1 14 2.6
MBMIO1 19 23 18 23 4.2 -22 -5.0 -5 -0.9
MBMIO02 19 19 22 1 0.2 15 2.8 16 3.1
MBMIO3 20 24 20 19 3.8 -15 -3.5 1 0.3
MBMI04 18 20 26 10 19 30 6.0 43 7.9
Gatton Panic 24 28 26 14 35 -7 -2.0 6 1.4
ROS5505 21 22 27 5 1.0 23 5.1 29 6.1
RO5506 17 25 21 51 8.6 -15 -3.8 29 4.8
RO5507 33 31 28 -3 -1.1 -13 -4.0 -16 -5.1
RO5508 28 33 27 19 5.3 -17 -5.4 0 -0.1
Mixed 16 19 17 20 3.2 -11 -2.0 8 1.2
DUDOO1 17 18 16 9 1.6 -12 -2.3 -4 -0.7
DUDO02 16 19 18 22 3.5 -10 -1.9 10 1.5
DUDO03 14 19 16 31 4.4 -16 -2.9 11 1.5
DUDO0O4 16 20 19 21 3.5 -5 -0.9 15 2.5
American Buffel 12 16 14 30 3.7 -16 -2.5 10 1.2
RO6305 13 18 13 45 5.7 -29 -5.3 3 0.4
RO6306 14 17 13 27 3.6 -23 -4.0 -3 -0.4
RO6307 10 14 13 40 4.1 -8 -1.2 28 2.9
RO6308 13 14 15 10 1.2 4 0.5 14 1.8
Old Cultivation 19 18 18 -3 -0.6 -4 -0.7 -6 -1.2
DUZ301 14 14 17 -1 -0.1 20 2.7 18 2.6
DUZ302 17 20 20 17 2.8 0 0.0 17 2.8
DUZ303 18 19 18 11 1.9 -8 -1.6 1 0.2
DUZ304 23 19 19 -17 -3.8 2 0.4 -15 -3.4
RO4301 14 16 15 17 2.5 -9 -1.6 6 0.9
RO4302 21 21 18 2 0.4 -17 -3.5 -15 -3.1
RO4303 21 12 18 -40 -8.2 48 6.0 -11 -2.3
RO4304 25 25 17 0 0.0 -31 -7.6 -31 -7.6
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Compost Tea
American Buffel
SHCRO4
SHFHO1
SHFHO02
SHFHO3
SHFHO4
SHGPO1
SHGPO2
Extract
American Buffel
RE9BO1
RE9BO2
RE9B0O3
RE9BO4
Cropping
Zero Tillage 1
Zero Tillage 2
Zero Tillage 3
Zero Tillage 4

Annual 08

13
14
13
10
15
10
17

13

16
14
14
38
38
33
28
55

Annual 09

15
19
15
10
14
14
15
19

13
15
12
10
17

41
33
30
57

Annual 10

14
15
16
13
17
15
11
13

% change

08-09

16
38
18
4
-5
36
-13

abs change

5.1
2.3
0.4
-0.8
3.6
-2.2
19.3

0.4
6.3
-3.5
-3.9
2.6

% change

09-10

-6
-20
5
32
19
7
-27
-31

-19
19
49

-11

abs change

-0.9
-3.8
0.7
3.2
2.7
0.9
-4.1
-5.9

0.6
-2.9
2.3
4.9
-1.9

% change

08-10
abs change

9 12
10 1.3
24 3.1
37 3.6
13 1.9
46 4.6
-36 -6.3
8 1.0
40 3.4
-8 -1.2
8 1.0
5 0.7
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Appendix 5: Soil carbon stocks (t/ha) for all monitoring sites (20-30 cm)

08-09 09-10 08-10
Control Annual 08 Annual 09 Annual 10 % change abs change % change abs change % change abs change
Bare 9 9 8 1 0.1 -13 -1.2 -12 -1.1
MBB301 8 11 29 2.4
MBB302 9 11 9 14 1.3 -16 -1.8 -5 -0.4
MBB303 11 8 8 -28 -3.1 -3 -0.2 -30 -3.3
MBB304 9 8 8 -3 -0.2 -6 -0.5 -9 -0.8
Couch Grass 15 16 17 12 1.8 2 0.4 15 2.2
MBB313 13 10 11 -23 -3.0 12 1.2 -14 -1.8
MBB314 14 19 19 38 5.3 -2 -0.4 35 4.9
MBB315 17 18 19 9 1.4 6 1.1 15 2.6
MBB316 15 19 18 22 3.4 -2 -0.5 19 3.0
Forest Bluegrass 18 20 19 9 1.6 -6 -1.1 3 0.5
MBMIO05 18 20 18 7 14 -11 -2.2 -4 -0.8
MBMIO06 17 18 18 5 0.9 -4 -0.8 1 0.1
MBMIO7 15 19 18 28 4.3 -7 -1.4 19 2.9
MBMIO08 21 21 21 0 0.0 0 -0.1 -1 -0.1
Gatton Panic 13 18 14 43 5.4 -21 -3.9 12 15
RO5501 14 14 17 4 0.5 19 2.8 24 3.3
RO5502 14 17 16 22 3.0 -8 -1.4 12 1.6
RO5503 10 18 10 71 7.3 -43 -7.5 -2 -0.2
RO5504 12 23 14 86 10.7 -40 -9.2 11 1.4
American Buffel 22 23 19 7 1.6 -18 -4.3 -12 -2.7
DUCO01 18 24 23 32 5.9 -6 -1.5 24 4.4
DUCO002 22 25 24 14 3.0 -7 -1.8 6 13
DUCO03 22 18 14 -18 -3.9 -24 -4.4 -37 -8.3
DUCO04 24 26 16 5 1.3 -36 -9.3 -33 -8.0
Old Cultivation 17 18 17 3 0.5 -2 -0.3 1 0.2
DuCu01 19 19 19 0 0.0 0 0.0 0 0.0
DUCU02 17 14 15 -16 -2.6 5 0.6 -12 -1.9
DUCU03 14 17 15 19 2.7 -9 -1.5 8 1.2
DUCU04 19 20 20 10 1.9 -2 -0.3 9 1.6
Bare Pasture Cropping
Bare 10 12 11 11 11 -6 -0.6 5 0.5
MBB305 11 10 12 -13 -1.4 17 1.7 3 0.3
MBB306 8 11 10 29 2.4 -8 -0.8 19 1.6
MBB307 9 13 13 45 4.0 -1 -0.1 44 3.9
MBB308 13 13 9 -3 -0.4 -27 -3.4 -29 -3.8
American Buffel 8 7 1 0.1 -23 -1.9 -22 -1.9
RO6301 10 7 7 -32 -3.4 -4 -0.3 -35 -3.7
RO6302 7 7 7 -2 -0.1 -1 -0.1 -3 -0.2
RO6303 7 10 5 49 3.3 -54 -5.4 -31 -2.1
RO6304 9 10 8 6 0.6 -21 -2.0 -17 -1.5
Pasture Cropping
Couch Grass 10 12 15 21 2.1 20 2.5 46 4.6
MBB309 11 12 14 8 0.9 20 24 30 3.2
MBB310 10 14 16 40 3.9 18 2.5 65 6.4
MBB311 13 13 14 0 0.0 9 1.2 9 1.2
MBB312 7 10 14 57 3.7 38 3.9 116 7.6
Forest Bluegrass 17 18 17 7 12 -6 -1.1 0 0.1
MBMIO1 18 20 17 13 2.2 -14 -2.8 -3 -0.6
MBMIO02 17 18 20 8 14 7 13 16 2.7
MBMIO03 17 19 17 9 1.6 -8 -1.6 0 0.1
MBMI04 17 16 15 -4 -0.7 -8 -1.2 -11 -1.9
Gatton Panic 14 17 16 26 35 -7 -1.3 16 2.3
ROS5505 13 17 16 26 3.4 -5 -0.8 20 2.6
RO5506 10 14 12 35 3.5 -13 -1.8 17 1.7
RO5507 18 19 16 7 1.3 -13 -2.6 -7 -1.3
RO5508 14 20 20 43 6.0 0 0.1 43 6.0
Mixed 17 21 17 23 3.9 -19 -3.9 0 0.0
DUDOO1 17 19 19 8 1.3 0 0.0 7 13
DUDO02 17 24 18 42 7.1 -26 -6.1 6 1.0
DUDO03 17 21 17 22 3.6 -19 -4.0 -2 -0.3
DUDO04 17 21 15 20 3.4 -26 -5.4 -12 -2.0
American Buffel 10 11 13 3 0.3 23 2.5 27 2.8
RO6305 10 13 11 32 3.2 -13 -1.7 15 1.5
RO6306 11 10 17 -11 -1.2 75 7.4 56 6.2
RO6307 10 12 14 15 1.6 21 2.5 39 4.0
RO6308 10 8 10 -21 -2.2 20 1.6 -5 -0.5
Old Cultivation 14 15 14 10 14 -8 -1.2 1 0.2
DUZ301 14 16 18 14 2.0 10 1.6 25 3.5
DUZ302 19 19 21 -1 -0.2 12 2.3 11 2.1
DUZ303 19 19 19 -1 -0.2 2 0.4 1 0.2
DUZ304 21 19 20 -9 -1.8 2 0.3 -7 -1.5
RO4301 7 7 6 -8 -0.6 -9 -0.6 -16 -1.2
RO4302 7 10 6 41 3.0 -41 -4.3 -17 -1.3
RO4303 9 8 7 -13 -1.1 -4 -0.3 -16 -1.4
RO4304 15 25 16 65 9.7 -35 -8.6 7 1.0
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Compost Tea
American Buffel
SHCRO4
SHFHO1
SHFHO02
SHFHO3
SHFHO4
SHGPO1
SHGPO2
Extract
American Buffel
RE9BO1
RE9BO2
RE9BO3
RE9BO4
Cropping
Zero Tillage 1
Zero Tillage 2
Zero Tillage 3
Zero Tillage 4

Annual 08

11
12
14

13
10

Annual 09

11
13
12

13
11

10

11
11

11
14
39
41
30
29
57

Annual 10

% change

08-09

1

6
-14
-13
-3
14
49

abs change

0.1
0.7
-1.9
-1.2
-0.4
14
2.7

2.5
3.2
-1.0
1.9
5.8

% change

09-10

-4
-24
-8
68
8
-14
-10
-32

36
19
-30

abs change

-0.4
-3.1
-0.9

5.5

11
-1.5
-0.8
-3.2

0.2
-0.4
3.4
2.0
-4.1

% change

08-10
abs change

-3 -0.3
-19 -2.3
221 -2.8
47 4.4
5 0.7
-2 -0.2
35 1.9
31 2.7
36 2.7
23 2.4
44 3.9
22 17
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Appendix 6: Soil carbon stocks (t/ha) for all monitoring sites (30-60 cm)

Control Annual 08
Bare
MBB301
MBB302
MBB303
MBB304
Couch Grass
MBB313
MBB314
MBB315
MBB316
Forest Bluegrass
MBMIOS5
MBMIO6
MBMIO7
MBMIO8
Gatton Panic
RO5501
RO5502
RO5503
RO5504
American Buffel
DUCO01
DUCO02
DUCO03
DUCO04
Old Cultivation
DUCUO01
DUCUO02
DUCU03
DUCU04
Bare Pasture Cropping
Bare
MBB305
MBB306
MBB307
MBB308
American Buffel
RO6301
RO6302
RO6303
RO6304
Pasture Cropping
Couch Grass
MBB309
MBB310
MBB311
MBB312
Forest Bluegrass
MBMIOL
MBMI02
MBMIO3
MBMIO4
Gatton Panic
RO5505
RO5506
RO5507
RO5508
Mixed
DUDOO1
DUDO02
DUDOO03
DUDOO04
American Buffel
RO6305
RO6306
RO6307
RO6308
Old Cultivation
DbuUz301
DUZ302
DUZ303
DUZ304
RO4301
RO4302
RO4303
RO4304

26
19
25
32
30
59
48
49

94
55
65
46
52
59
24
20
34
20
19
42
38
48
49
31
43
52
40
38

29
27
26
32
31
25
19
27
32
23

770

38
52
25
52
25
52
52
53
56
49
26
17
20
42
24
48
53
50
37
52
26
31
35
20
20
40
45
59
53
55
14

21
36

28
30
32
24
25
56
33
69
56
63
60
55
54
58
74
40
29
18
30
84
42
43

36
43
42
52
29
39
48

39
43
36
38
38
27
15

27
20
794
37
32
34
39
43
55
56
54
51
57
29
31
23
32

55
57
54
46
65
29
31
32
37
14
42
46
53
62
55
19
17
27
55

21

20
20
23
56
43
74
57
48
53
64
55
51
43
25
39
24
17
21
38
45
43

24
40
43
50
28

38
56

35
46
31
31
32
4
14
41
56
27

41
39
47
41
36
51
52
59
46
47
26
21
20
32
29
53
52
62
46
51
25
22
33
31
16
37
50
56
57
52
16

9
22
33

08-09

6
62
29

-25
-16
-6
-31
Y]
28
-33
9
-15
17
12
26
71
45
-48
47
332

0
12
-8

-26
39
-4
0
-29
3

9

34
63
40
17
23
5
-21
62
-14
-15

-4
-39
40
-26
74

-100

15
116
7.1
-7.9
-4.8
-3.4
-15.1
20.3
12.2
-31.0
4.9
-10.0
7.9
6.1
15.5
16.7
9.1
-16.4
9.6
64.5
0.1
4.7
-3.9
-12.5
12.2
-1.5
0.0
-11.5
1.2
4.1

9.9
16.7
10.4

5.5

7.1

1.2
-4.2
17.1
-4.5
-3.5

-1.4
-20.3
9.8
-13.4
183
2.2
4.0
0.9
-4.7
8.4
3.0
14.1
2.7
-9.8
-23.9
7.3
3.4
3.5
8.9
135
2.2
-0.4
-2.1
16.9
-5.6
14
0.8
-5.7
9.1
0.0
4.7

6.1
193

09-10

-24

-36
-19
-8
0
28
8

1
-24
-12
17
2
-12
-42
-38
31
33
-45
-75
-8
5
-2
-33

-10

-15
-17
-17

29
-11

104
38

-6.8

-11.4
-4.6
-2.0

0.0
9.3
5.3
0.4

-15.1

-7.0
9.0
0.9

-6.9

-311

-15.3

9.2
5.9

-13.5

-62.7
-3.5

2.2

-0.9

-121

-3.1

13
-1.6
-0.2
-0.5
7.7

-4.0

2.4
-5.4
-6.5
-6.4

7.8
-1.7
-3.2
28.5

7.5

3.6
7.4
121
19
-6.8
-3.5
-3.8
5.0
-4.5
-10.7
-3.1
-9.9
-2.9
0.0
29.1
-2.5
-5.0
85
0.2
-13.9
-3.1
-8.5
0.4
-6.0
15
-4.9
3.5
2.7
-5.1
-3.3
-2.9
-7.6
-4.3
-22.2

08-10
abs change

-20 -5.3
-17 -4.3
-39 -12.4
-23 -6.8
-6 -3.4
-12 -5.8
52 25.6
29 12.6
-49 -46.0
-4 -2.1
-1 -0.9
19 8.9
-1 -0.7
-27 -15.7
6 1.4
90 18.3
-31 -10.5
-19 -3.8
9 1.8
-8 -3.4
18 6.9
-10 -4.8
-50 -24.6
29 9.1
0 -0.2
-3 -1.6
-29 -11.7
2 0.7
27 11.9
21 6.0
72 19.1
20 5.0
-3 -1.0
2 0.7
36 9.0
-30 -5.9
51 13.9
75 24.1
18 4.1
6 2.3
-25 -12.9
89 21.9
-22 -11.5
47 11.6
-3 -1.3
0 0.2
11 6.0
-16 -9.2
-5 -2.3
-1 -0.2
25 4.2
-1 -0.2
-23 -9.8
22 5.2
10 4.8
-3 -1.6
24 12.0
24 9.1
-1 -0.4
-4 -1.0
-28 -8.9
-5 -1.7
55 10.9
-20 -4.1
-9 -3.5
10 4.3
-5 -3.0
8 4.1
-6 -33
13 1.9
9 1.8
-8 -2.9
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Compost Tea
American Buffel
SHCR04
SHFHO1
SHFHO02
SHFHO3
SHFHO4
SHGPO1
SHGPO2
Extract
American Buffel
RE9BO1
RE9B02
RE9B03
RE9B04
Cropping
Zero Tillage 1
Zero Tillage 2
Zero Tillage 3
Zero Tillage 4

Annual 08

25
34
28
18
28
23
16

22
23
15
29
20
133
137
116
112
168

Annual 09

26
37
29
16
29
26
17
25

26
23
22
31
29
132
137
109
101
181

Annual 10

22
18
21
25
29
23
19
21

% change

08-09

abs change

1.0
2.9
0.6
-1.2
15
2.8
0.3

4.6
-0.1
6.7
2.6
9.3

% change

09-10

-13
-51
-26
52
-2
-12
16
-15

abs change

-3.2
-18.8
-7.6
8.5
-0.7
-3.0
2.6
-3.7

-2.1
0.7
-0.3
0.0
-8.8

% change

08-10
abs change

-9 -2.2
-47 -15.9
-25 -7.0
41 73
3 0.8
-1 -0.2
18 3.0
12 25
2 0.6
41 6.4
9 2.5
3 0.5
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Appendix 7: Soil carbon stocks (t/ha) for all monitoring sites (60-110 cm)

08-09

Control Annual 08
Bare
MBB301
MBB302
MBB303
MBB304
Couch Grass
MBB313
MBB314
MBB315
MBB316
Forest Bluegrass
MBMIOS5
MBMIO6
MBMIO7
MBMIO8
Gatton Panic
RO5501
RO5502
RO5503
RO5504
American Buffel
DUCO01
DUCO02
DUCO03
DUCO04
Old Cultivation
DUCUO01
DUCUO02
DuUcu03
DUCU04
Bare Pasture Cropping
Bare

American Buffel
RO6301
RO6302
RO6303
RO6304

Pasture Cropping

Couch Grass
MBB309
MBB310
MBB311
MBB312

Forest Bluegrass
MBMIOL
MBMI02
MBMIO3
MBMIO4

Gatton Panic
RO5505
RO5506
RO5507
RO5508

Mixed
DUDOO1
DUDO02
DUDOO03
DUDOO04

American Buffel
RO6305
RO6306
RO6307
RO6308

Old Cultivation
DbuUz301
DUZ302
DUZ303
DUZ304
RO4301
RO4302
RO4303
RO4304

59
85
56
62
32
43
65
40
23

47
39
57
33
32
38
26
30
35

41
25
65
37
38

75
89
77
62
73
95

95

41
48
39
38
40
46
55
39
43
49
59
52
73
53
62

55
57

72
60
84

35
48

22

40
42
43
36

32
38
28
29
32

39
22
38
41
55

62

61
64
61
78

78

49
61
52
33
49
43
53
54
26
39
49
50
55
47
65
46
15
50
64

64
74
56
98
30
98
98

37

37
36
34
33
38
26
30
39

31
25
47
24
30

70
79
72
59
68
19

23
15
52
60
53
31
63
38
37
46
32
35

55
64
56
62
42
14

50

22
-29
49

-18

-21

-18

-17

-17

-10
12

13.2
-24.9
27.5

-7.4
-17.0
-39.6

-0.7

-3.8
-4.3
3.9
-21.5
6.6
-0.6
0.3
13
-0.4
-3.6

-2.0
-3.4
-26.3
4.1
17.6

-16.0

15
-12.9
-16.4

7.7
13.0
13.1
-4.9

9.7
-3.5
-2.3
14.8

-16.8
-9.8
-9.7
-1.7

-17.9
-5.2

2.1

-5.8
7.1

09-10

-11
23
-34

180
105

13

19

13

-76

-71

-1.7
13.7
-28.2

63.1
50.4

-2.9
13
-6.8
-0.1
-6.0
17
0.2
-1.8
13
7.0

-7.9
3.0
8.2

-16.8
-25.8

8.1

113
-4.2
7.6
-59.3

-55.4

33
-0.5
1.0
-1.3
14.0
-5.4
-15.5
-8.0
5.5
-3.6
-0.9
4.8
9.5
8.8
-2.2
-3.6
-15
-9.4
-13.7

08-10
abs change

9 5.6
-13 -11.2
-1 -0.7
59 36.1
-6 -2.0
131 55.7
51 333
-15 -6.7
-6 -2.9
-7 -2.8
-38 -21.6
2 0.6
3 11
1 0.4
-2 -0.5
3 0.9
10 3.4
-24 -9.8
-2 -0.4
-28 -18.1
-35 -12.7
-22 -8.2
-7 -5.6
-11 -9.7
-6 -4.7
-4 -2.7
-7 -5.4
-80 -75.7
-76 -71.7
27 11.0
26 12.5
37 14.2
-17 -6.2
60 23.7
-19 -8.9
-32 -17.8
17 6.7
-26 -11.3
-28 -13.4
-18 -10.6
6 3.1
-12 -8.4
7 3.6
0 -0.1
-27 -15.2
-12 -6.6
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Compost Tea
American Buffel
SHCR04
SHFHO1
SHFHO02
SHFHO3
SHFHO4
SHGPO1
SHGPO2
Extract
American Buffel
RE9BO1
RE9B02
RE9B03
RE9B04
Cropping
Zero Tillage 1
Zero Tillage 2
Zero Tillage 3
Zero Tillage 4

Annual 08

29
40
33
22
30
27
20

30
29
27
35
30
133
137
116
112
168

Annual 09

35
42
33
22
42
35

35
36
32
36
34
132
137
109
101
181

Annual 10

33
29
27
27
36
28
61
25

% change

08-09

abs change

6.2
2.1
0.7
-0.2
123
7.7

4.1
6.4
5.2
0.6
4.2

% change

09-10

-4
-31
-18

2
-15
2

abs change

-1.5
-12.9
-6.1
5.5
-6.3
-7.5

-1.9
-2.1
-5.4

3.5
-3.5

% change

08-10
abs change

16 4.7
-27 -10.7
-17 -5.4
24 5.4
20 6.0
1 03
200 40.7
7 2.3
15 4.3
-1 -0.1
12 4.1
2 0.7
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