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What is OC?

Plant
residues

above and
below ground

Root
exudates

Offsite

Soil biology

inputs .

Living 1-5%
compost
manures Dead 30-50%

Livestock
inputs

Decomposition
losses are between
70-90% of C inputs

manure
and urine

su \\7‘
Government
of South Australia
Department of Primary
Industries and Regions

SARD

SOUTH AUSTRALIAN

RESEARCHAND

DEVELOPMENT
INSTITUTE

]



Five functions reliant on organic matter

OM + Soil biology ~ ©% | PRODUCTIMITY | o inputs
=C,H,O,N,P,S H BIOMASS Less bare ground
OFFSET GHG WATER Water holding
EMISSIONS CIRCULATION | capacity
CO,
70-90% of CO, lost back
to the atmosphere Ll
- L1l |
Nutrients and
Epergy source CEC
Diversity BIOLOGICAL Q NUTRIENT N SARDI
ORGANISMS ¢ CYCLING @

) RLSLARLHA]\D
de tme o deP may DEVELOPMENT



OC Iis made up of 3 fractions / pools

FUNCTION STORAGE
OC turnover
POC = years
MAOM HOC = decades
Stable ROC = centuries

Recalcitrant

Inert
Charcoal After J. Baldock CSIRO



What factors influence soil OC?

POTENTIAL SOC  DEFINING FACTORS
Upper Limit Soil type, texture (clay)
Mineralogy, Density

ATTAINABLE SOC LIMITING FACTORS
Rainfall, temperature
Climate, Solar radiation

ACTUAL SOC REDUCING FACTORS
Lower Limit Management decisions
Tillage, ground cover

i Al

After Ingram and Fernandes 2001



Soils capacity to stabilise and build OC
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How do you know if there is an
opportunity to store more OC?

Benchmarks
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OC Benchmarks

Soil Carbon in South Australia
Volume 4: Benchmarks and Data Analysis for
the Agricultural Zone 1990 - 2007

Amanda Schapel (PIRSA), Tim Herrmann, Susan Sweeney and Craig Liddicoat
Department for Environment and Water
May, 2021

DEW Technical report 2021/03

Land Resources Home (environment.sa.gov.au) under
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https://data.environment.sa.gov.au/Land/Land-Resources/Pages/home.aspx

OCwb (%)

Government
of South Australia

Department for
Environment and Water

Soil Carbon 1990-2007

Topsoil = Cropping e Pasture A Orch/VY

35
3.0
25 e
2.0 =

OC 0.11% 1 / yr

36,000

soil tests

All

-
-
-
-

1.5 R - 2 A
-———.’ AI—_kT A A A A A

1.0 ) OC 0.04% 1 /[ yr
0.5

0.0

1990 1994 1996 1998 2000 2002 2004

Soil and Land Hub — Collaboration between Sustainable Soils groups in DEW and PIRSA

/TN SARDI

L 7//
(&)
:, . ?g
Government ‘J
of South Australia

—— SOUTH AUSTRALIAN
Department of Primary gﬁ%{%‘;ﬂ‘%g
INSTITUTE

Industries and Regions



Soil Carbon 1990-2007

Topsoil = Cropping Pasture What has happened since 20077?

Have we reached a new

equilibrium?
- - % ¥ " = "~ = " Are our soils functioning /
. producing more?

No till
Stubble retention, reduce cultivation

1990 1994 1996 1998 2000 2002 2004 2006
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Upper SE OCwb % 0-10cm 1990-2007

Cropping 54% Annual A OCwb
Pasture 31% 0.0103% «
Ag Zone Ag District Benchmarks
Texture Mean | Count | Mean 25% 40% 50% 60% 75%
Sand 1.12 23 1.08 0.90 1.05 1.12 1.19 1.31
Loamy sand 1.42 933 1.21 0.85 1.01 1.10 1.24 1.51
Sandy loam 1.79 636 1.43 0.96 1.20 1.35 1.50 1.80
Loam 1.96 437 1.66 1.20 1.40 1.50 1.70 1.97
Clay loam 1.93 308 1.81 1.40 1.59 1.74 1.87 2.13
Clay 1.66 288 1.63 1.00 1.26 1.40 1.60 1.92
Weighted Mean (all texture) 1.77 | 2625 1.45 1.02 1.22 1.33 1.49 1.77
SARDI
covermment Soil Carbon in SA Vol 4 - SA Ag Benchmark Analysis 1990-2007 June 2021 Final.pdf of south Australia
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https://data.environment.sa.gov.au/Content/Publications/Soil%20Carbon%20in%20SA%20Vol%204%20-%20SA%20Ag%20Benchmark%20Analysis%201990-2007%20June%202021%20Final.pdf

Opportunity to increase soil OC depends on

1. OC starting point and capacity to store more OC
2. Soll texture and any soil constraints to inputs

3. Rainfall/moisture and temperature — affect inputs (growth) and outputs
(decomposition - microbial activity)

4. Ability to grow or apply sufficient OC inputs

5. Supply sufficient nutrition to grow biomass and enable transformation
of POC to HOC

Nutrients required to create

_ 1t humus Clive Kirkby ratio

OC inputs have to be MORE ; 80koN
* g

than OC outputs . 14kgS




Soil carbon concentration vs stock

Scrub vs Paddock
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OCwb Concentration (%) 0-50cm Scrub v Paddock

m0-10cm m®m10-20cm ®20-30cm
More OC in Scrub
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30-50 cm

Scrub

0

Scru

Field

Pasture

h = Paddock
= Similar
w = Scrub

0-10 10-20 20-30 30-50

Lucindale  Scrub 240 0.83 0.52 0.24
Pasture 2.06 0.60 0.62 0.50
Western Flat Scrub 1.66 0.49 0.35 0.24
Crop 0.75 0.51 0.24 0.16
Western Flat Scrub 0.95 0.44 0.29 0.22
Pasture 0.81 0.64 0.35 0.18

Field Scrub 0.83 0.45 0.45

Pasture 1.25 1.32 1.32
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Carbon Stock — Equivalent soil mass

Control  Lower SM Higher SM OC stock is the unit used in
0-5 0-5 0.5 C accounting
510 510
5.10 To calculate (tC/ha)
10-20 10-20
20-30 OC (%) X
- 10-20

I 3
20-30 ESM 030 em bulk density (g/cm?) x

_______ {------f-T-C= 2R depth (cm) x
~4000 t soil/ha (100 - gravel %)

30-50 .
________________ ESMOS0¢m . 1o convert 1tC/ha to CO2e

~ 6500 tsoillha X by 3.67

30-50 @ SARDI
Reference +SM - SM ESM Adjustment S @

SOUTH AUSTRALIAN
RESEARCH AND

Department of Primary

Industries and Regions DL",]\"E‘,E)‘P]\,'[‘ENT



OC Stock ESM,,, (tC/ha) 0-30cm Scrub v Paddock

H0-10cm m10-20 cm m20-30 cm = 30-50 cm

" *50.9

50 0-10 10-20 20-30 30-50
41.1 . Lucindale  Scrub 179 129 79 2.4
240 34.7 31.6 Pasture 30.6 11.1 9.3
~~
Q 30 - 26.3 273 Western Flat Scrub 208 85 53 0.1
- .
o) Crop 136 9.2 3.6
S -
=20 \Western Flat Scrub 140 81 52 0.0
%)
OLIJ Pasture 14.6 11.9 5.2
O 10 Field Scrub
Pasture
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OC Concentration % 0-50cm OC Stock tC/ha ESM 0-50cm
m0-10cm m®m10-20cm m20-30cm m=30-50 cm m0-10cm ®m10-20cm ®m20-30cm = 30-50 cm

OC Distribution down the soil profile _##
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OC Distribution down the solil profile _#* |u= g M

OC Concentration % 0-50cm OC Stock tC/ha ESM 0-50cm
m0-10cm m®m10-20cm m20-30 cm 30-50 cm m0-10cm ®m10-20cm m20-30cm 30-50 cm
100% 100%
80% What distribution
should we aim for? & 14
60%
Best guess 6 23
40% <50% in 0-10 cm
20% I 20% 39
0% 0%

Scrub Pasture Scrub Crop Scrub Pasture Scrub Pasture Scrub  Crop  Scrub Pasture
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Soil carbon fractions

POC v HOC v ROC
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Grassland
Society

of Southern
Australia Inc

MIR OC Fractions to determine OC Stabillity

Something new B e @
OC Stabillity
Location 0-10 cm %POC %ROC wWHOC Index
Lucindale Pasture 18 28 37 0.28
Lucindale Scrub 18 31 33 0.28
Western Flat Scrub 28 23 39 0.46
Lucindale Pasture Lucindale Scrub Western Flat Scrub Limitations —

= %POC = %ROC = %HOC = %POC = %ROC = %HOC = %POC = %ROC = %HOC Machines cannot

not good for sands or

deeper in profile
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Sampling location is important

Soll texture vs topography or
production zone
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Coomandook (2022)
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Soil carbon change over time

Need 3 measures to make a trend
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Sherwood Clay spread (2012 and 2022) &= @

Clay spread Offset
Lucerne + clover, grazed o50yha  opaded  Sampled - Delved o5 Sampled
with occasional crop Cs1 1997 2010 2012 2022
CS2 1998 2010 2012 2020 2020 2022
OC concentration =10 =20 =30 Bulk density =10 m20 =30
1.4 6
1.2 s
1.0 &
S 5 4
<0.8 S
O —~
306 2 3
o Vv =
© 0.4 g 2
0.2 =1
m
0.0 0

2012 2022 2012 2022 2012 2022 2012 2022
CsS1 CS2 CS1 CS2



210 m20 m30 50 Ta%

Sherwood Clay spread (2012 ai’;; “ Q
OC stock ESM,y,(tC/ha) 0-30 cm jzj - Ao

25.0 20%
25.0
-4.3 '3.9 0%
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g 16.4 o
Q 15.0 14.6 D_,
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3 11.8 S
-g 10.0 2100
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50 50
0.0 0.0
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OC stock 0-30 cm clay and sand

OC stock (tha™)

35
30
25
20
15
10

Sand

6%

Unmodified

m Clay

-4.7 t1C/ha

29%

Spaded

-3.6 tC/ha

28%

Spaded+OM

Mixing = 20% |, OC
70% of OC sitill in

sand and vulnerable
to decomposition

*Schapel et al. 2019



Clay addition on OC stocks - Goyder/DEW

@ unmodified @ clay-modified ® unmodified @ clay-modified
35 35
— 30 é 30
$ 25 25 3
= E
< 20 g = 20 ;
§ 15 E 15
s 10 > 10
3} O ;5
0 0

350-400 400-450 450-500  >500 20 30 40 60

Rainfall (mm) Depth to subsoil clay (cm)

Highest OC stock at > 500 mm but unmodified  Highest OC stock at where clay < 30 cm

also high :
For greatest OC opportunity

Greatest OC opportunity rainfall < 500 mm subsoil clay should be > 30 cm



OPTIMISE OM INPUTS MINIMISE SOC LOSS

Management Management
e Address soll limitations to e Provide OM inputs to maintain or
production where possible Improve SOC
e Optimise nutrition e Minimise bare ground
e Grow green plants for longer e Minimise soil disturbance
e Optimise plant diversity e Maximise capture and stabilisation
of HOC

e Consider growing perennial
Instead of annual plants

e Encourage root growth (D) SAR
e Minimise bare ground
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My 2 cents worth

Sandy soils hardest to accumulate OC long-term

Most vulnerable as difficult to protect from decomposition

Change of particulate to humus form if get greater inputs????

Rainfall < 600mm can we build OC?

Rainfall <400 - 450mm and warm temperatures - aim to maintain OC

How to change decomposition losses from 90 to 70%

Microbes — functional groups?

@ SARDI
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Amanda Schapel

Senior Soil and Land Management Consultant

0411 137 258
amanda.schapel@sa.gov.au
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OPTIMISE OM INPUTS

Retain more biomass

Grow more shoots

Grow more roots and exudates
Grow more soil organisms

Add OM from elsewhere

—

MINIMISE SOC LOSS

Minimise soil erosion

Minimise CO, loss from
decomposition of OM

Maximise stabilisation of SOC

Maximise production of humus
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Take Home Thoughts

Determine why you want to change OC
 Function or GHG emissions

Be realistic about how much you can change OC
« texture, rainfall, inherent limitations, induced limitations, fertility

OC is variable and needs a long time (5-10yrs) to measure change
- at the surface, down the soil profile, over time

Select management practices to build OC that
« suit your soil, climate and system

AOUTH
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Climate change will affect OC
- In a high rainfall area in a warming climate, OC levels can decreasez s



Orchard Vineyard OCwb 0-10cm 1990-2007

Count

554
477
488
913
687

Mean

0.86
1.12
1.43
1.50
1.53

25%

0.45
0.59
0.74
0.83
0.84

40%

0.61
0.77
1.09
1.14
1.15

Orchard/Vineyard Benchmarks

50% 60% 75%

0.74 0.90 1.08
0.90 1.09 1.45
1.28 1.48 1.84
1.34 1.56 1.96
1.38 1.59 1.95

Orchard/Vineyard
2.5
—e—Mean --—-25% 75%
2.0
Texture
N 1.5 PG ) Loamy sand
g 488 913 687 Sandy loam
S oam
O 1.0 477 — L
554 .. —eeeentttT IR Clay loam
0.5 EENRPYLLE -t Clay
0.0
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Loamy Sandy Loam Clay Clay
sand loam loam

Soil Carbon in SA Vol 4 - SA Ag Benchmark Analysis 1990-2007 June 2021 Final.pdf of Seuth Austraiia @

(environment.sa.gov.au)
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https://data.environment.sa.gov.au/Content/Publications/Soil%20Carbon%20in%20SA%20Vol%204%20-%20SA%20Ag%20Benchmark%20Analysis%201990-2007%20June%202021%20Final.pdf

Soll OC In
clay modified solls
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Sandy soil clay amelioration techniques
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OC Stocko.30
™ 4.9 tC ha'

(-1.0-82tha")
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Soll CRC Sandy Solil (2021) — Clay Concentration

OC Concentratio
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The theory of OC increase by management

Perennial pasture

Annual pasture
Adequate nutrition
Address soil limitations

Timely sowing Add external
sources of carbon

Stubble retention
Min or No tillage

Tillage

Bare soil
Cultivation \

Maximise crop rotations
Maximise species mix

Maximise water use efficiency Maximise productivity
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