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Carbon Accounting: The concept

Farm emissions sources

(greenhouse gas emissions) Annual change in farm
carbon stocks (new
sequestration)
N,O
CH, Fertiliser, CO,

Enteric urine and Energy, |
methane & dung, crop lime, urea Trees Soil

manure residues

FERTILIZER

Source: Agriculture Victoria May 2022 Slide credit: Richard Eckard



Carbon Accounting Tools

Grains Greenhouse Accounting Tool
Crop ‘ Wlleall B:ll'lﬂ" Pn]ses‘ Oilseeds‘ Summary t CO2e/farm

° G re e n h O u S e G aS e m i SS i O n S Outputs \ 1 COze/farm| tCOse/farm | {COxefarm|  (COse/farm| tofalt CO2e/farm

Scope 1 Emissions (on-farm)

CO, - Fuel | 763 co, 132
» Sheep & Beef (SB-GAF) e - e oot e v we  m
- EE ‘ - - e
» Cropping (G-GAF) Soe- R R B (- (N R "
« Dairy (D-GAF/DGAS) No-coptis b I < A
N,0 - Leaching and Runoff 0.00 7.10 15.29 12236 14475 % L
- Feedlot, Pork, Poultry m o —
Scope 2 Emissions (off-farm) a0
« Buffalo, Deer, Goats ey | | | | 32
« Sugar, Cotton, Horticulture sope 2 Eokon e )
e oo

. Carbon stocks and fluxes = o

‘Cnrhon Sequestration ‘

o D I re Ct measureme nt an d/ or |Carbon sequstration in trees \ -16.40] 6.84] -1.37] 2.73] -27.34)
[Net Farm Emissi \ 333 58 7| 568] 1.133]
« An approved model

[Emissions intensity ) 011 0.02 0.04 0.19 t CO2-e/t erop

« Greenhouse accounting frameworks

 Align with Australian National Greenhouse Gas Inventory method
— predicts farm GGE

« Includes scope 1 (e.g. methane, nitrous oxide), Scope 2 (e.g. electricity) and Scope o\prc-tain
embedded emissions (e.g. urea manufacture)

_ Slide credit: Richard Eckard
Www.piccc.org.au/Tools



WA GHG emissions by national inventory
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Management
9%

MU

Field Burning of Ag
Residues
0%

Enteric
Fermentation
57%



Soil Organic Carbon across Australia

SOC stock (t C/ha)

- High : 223.41

B Low: 5.87

o L Tkm

0 215 430 860

Karunaratne, 2022

1,290

1,720

MU

Source: David Rowlings

F1 TC 0-30 cm

t C/ha

B 20.9- 241

N 24.1-27.3
27.3- 30.5
30.5-33.7
33.7 - 36.9

B 36.8-40.1

B 40.1-43.2

Slide credit: Richard Eckard ¢



Seqguestration: Soil Carbon — Offsets

« Two ERF methods

* Direct Measurement
* Measure before and after
« Sampling Protocol —
« Estimated using defaults

approved by CER

3, Plannlng ) 2. Reglstratlon )3 Deliver project ' l

MU

4. Report & credit
Illll‘.

Check eligibility

Prepare land
management
strategy

Measure baseline
soil carbon
(baseline sampling)

Measure changein
soil carbon
(subsequent
sampling)

Consider project

Map project

Undertake new

Calculate carbon

L LOOkUp table from FU”Cam costs and returns boundaries Iand;r:::r:rie;igssment abatement
 Measure model measure
N CaIt;LE)Ig:an"c;rr:A;ard Have youlr project
.. . - estimate udited
 Crediting period 25 years g
5 Carbon Report on your
o s project and earn
S —crt carbon credits
2

« Permanence period
« 25o0r 100 years
» 25% or 5% ACCU reduction applied

Baselinesoil Project soil
carbon level carbon level

Slide credit: Richard Eckard
piccc.org.au

https://www.industry.gov.au/sites/default/files/2020-07/supplement-soil-carbon-agricultural-systems.pdf



WA Soil Carbon Stock Assessment IVU

“Under current management strategies is there any room for movement in carbon storage?” ]

 +1300 sites across Southwest WA

* Seven different systems: t C/ha, 0-10 cm

Bl 80to115

* Esperance (beef pastures) B 401080
. . Geraldto [ 20to 40

* Young River (cropping and pastures) [ 101020
[] Oto10

» Kalgan (cropping and pastures)

* Kojonup (cropping and pastures)
* Avon (cropping) S,
* Geographe (beef and dairy pastures) | :
* Mingenew (cropping)

] Native vegetation
and reserves

Merredin

Bunbury .} 19
D
Esperance

1(|)0 200 30'0

Kilometres

* Target specific soil types (deep sand, sandy duplexes, gravelly
duplexes, red loams) and land-uses (n=25).

 Soil variables (0-10, 10-20, 20-30 cm) - C adjusted for
equivalent soil mass/stone, climate, management




What impacts soil organic carbon content? IVU

Adapted from Ingram & Fernandez (2001),
Agriculture, Ecosystems and Environment 87

Sof
caycoment | Environment @
- bulk density - solar radiation Management
- mineralogy - climate » ol
- depth - plant residues

* rosion

- agronomy
. rotations Available free from

- disease Apple Books
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Understanding complexity & management

MU

» Soll properties, environment and management interact

» Focus is to determine how changes in one soil property alter others - derive strategies to manage
the risk of negative outcomes

Rainfall /
Geologic age > Clay
Mineralogy

(e.g. Fe, Cu)

N fertiliser > Soil pH
Temperature
A > AOA/AOB
Soil
Moisture Total N/
ota
v / PMN

Total C

PMN = potential
mineralisable N

Water Soil strength (Mpa)

repellence e
4.3 :

growih
: restriq:ted
24 . £ :

.- I

A s
A T ] e
BN v g Rofarh 1 N root

. SHSEGNF,. . T growth
> ;z_l_z"._'_ e T severly N
) TN 5 L restricted

*Subsoil
compaction




Clay content defines potential SOC IVU

Influence of clay content on SOC in a 10-hectare area under cereal-legume rotation in WA

20
35 0>50 um POC
_ ® <50 ym HOC R2 = 0.96
3.0 =
@ o

— S °
£ 25 o
o ~
o @)
1 201 c
o O
s 5 10 R2=0.73
> 15 @
N—r” q:
O o)
O 10- c
N y=0.64Ln(x) + 1.17

054 R*=092

0.0 T T T T T T T T T 1 O

35 510 10-15 15-20 20-25 25-30 30-35 35-40 40-52

@) 65 @) (13 (4 3 (5 () 0 10 N 20 0 40
ay content (%
Clay Content (%) Y (%)

50

Hoyle FC, Baldock J, Murphy DV (2011). Rainfed Farming Systems Creamer et al. (2016) Soil Biology & Biochemistry
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WA Climate Influence

Variation in range of sites
« Rainfall drives plant growth (inputs)

>
o
J

)
e
and decomposition (losses). ?‘E« 140
. . . . . O
« Large variation in SOC stock with soll g 120
I —
type and management. S 100}
- Potential to optimise managementand s 80]
soil to accumulate SOC increases. § 60|
2
* Drying climates may indicate future & 40
potential changes in carbon storage. S 20
o
. ' ' o 0 1 1 . :
Increasing summer rainfall may 0 00 po— — 200 500
accelerate losses. Average annual rainfall (mm)

30y average
Hoyle et al. 2016 Scientific Reports 6



WA Climate Influence

* In WA Is temperature a critical limit for SOC storage potential?
« Climates getting hotter and drier.

N
o
o

175}
150
125
100

N v N
g O O

16 17 18 19 20 21
Average annual temperature (°C)

Soil organic carbon in 0-30 cm (t/ha)

. O
(&)

Hoyle et al. 2016 Scientific Reports 6



E:'aiir):artrr;/l ?%i?stlries and w
- ) \ egional Development
WA Climate Influence e
* Interaction between temperature and rainfall influence SOC.
» Predictors useful to identify environments in which SOC accumulation is possible

Bubble size = rainfall amount 325 Regions

™~ .~ constrained by
—~ © [ ] [ Geraldton CI | m ate’)
S
c
S O
S P . Potential to
8 ™ s accumulate
'% oV SOC?
(QV
< '.:J o /
O . LA ¢ 45(
= - ™ .—o'. [ ad
A - s o
U) o per
15 20 25 30 35 40 Vari 100 200 300
. arious PR b X :
Maximum Temperature (30y; °C) e ’ Kiometres

Griffin DPIRD (Source TERN, ASRIS) Hoyle FC, O’Leary RA and Murphy DV (2016)



WA Land use influence

+ Separation in mean SOC stock evident when grouped by land use &

« SOC stocks (0-30 cm) ranged from 3t C ha'to 231t C hat

« Wide range variability

Continuous crop =25
Mixed farming =36
Beef production: Annual pasture =70
Beef production: Perennial pasture =61
Dairy (Fodder removal): Annual pasture =93
Dairy (Irrigated): Annual pasture =92

t C hat
t C hat
t C hat
t C hat
t C hat
t C hat

Dairy (Grazed feed out): Annual pasture =101t C ha'

Hoyle et al. 2016 Scientific Reports 6

SOC (t C ha; 0-30 cm)

0 50 100 150 200 250

(€)

ééﬂgm EF

Mixed Ann  pgr  Ann Ann Ann

Cont
Crop Farming Past pgst  Past Past Past
(Beef] (Beef) (Dairy, (Dairy, (Dairy,

fodder 9grazed/ Irrigated)
removal) feed out)



WA Management Influence w

Management change in SOC (0-0.3 m) compared to relative ‘standard practice’

Stubble retention 0-0.1tCha'l

Reduced tillage 0-0.1tChat

Clay addition to sandy soil : 0-0.2tCha'l

Imported plant residue (high load, > 20 t OM ha1): 0.6t C ha'l

Organic amendments rate dependent (high inputs needed)
Pasture phase frequency, cover, biomass, length

Often no consistent effect of management measurable above landscape variability




Department of

WA Management Influence fe) e MU

WESTERN AUSTRALIA

Merredin (low rainfall, clay loam), 315 mm (+30 y)
Stubble retained vs. burnt treatments

~ e * Retention of plant residues is not always
S 10 | sufficient to maintain SOC
m — = . .
sEsg  Agricultural systems often still losing SOC
R

o _
3 < © Treatment | SOC POC Microbial Biomass C
'% S 4 o (%) | (mg kg soil) (mg kg soil)
= Burnt 1.2 139 142
° o | o Stubble Burnt _
'Ua) « Stubble Retained Retained 1.3 182 211

0 NS *ik (3105) *i%(490/)

1980 1990 2000 2010 2020
Year of sampling

Hoyle and Murphy (2007)



Albany Sand Plain

Four paddock management systems:
« Continuous cropping.

* Mixed cropping.
* Annual pastures.
* Perennial pastures.

Three soil types:
« Deep Sand.
« Sandy Duplex.
« Loamy Duplex.

Other features:

« Tight rainfall gradient.

« Water repellence.

Hoyle et al. (2013) Soil Research
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Albany Sand Plain — Measured & Modelled NU

120 - CC=continuous cropping a)
—5 MC= mixed cropping (B/C/P)
ie) 100 + AP=annual pasture 14
) PP=perennial pasture
c i 11
S 80 24
S © 19 0.2-0.3
8E 60 L .2-0.3m
5 O 0.1-0.2m
% T 40 m0.0-0.1m
>
O 20 -
3 o —

CC MC AP PP
Land use

A Continuous cropping O Mixed cropping

S O Annual pasture ® Perennial pasture
)
N — 250
S
S G 200 |
2 0o
c ™ i
S & 150
o - o~
-% g__ﬁ 100 r
20O 50 |
o
5 '
N 350 400 450 500 550 600 650 700 750 800

Annual Rainfall (mm)

What does this suggest?
« Perennial > annual pasture > cropping.

* 0-0.1 m soil layer contained 63% of measured

SOC within the top 0.3 m of the soill.
Hoyle et al. (2013) Soil Research

What does this suggest?
 Rainfall drives net primary productivity.
 High rainfall near potential; wider range.

* Modelled capacity shows increased C —
constraints?




Measured & Modelled IVU

Perennial Pasture

Continuous Crop

Deep Sand Loamy Duplex Hoyle et aI. (2013)

100 r mactualSOC  @Modelled attainabile S0C 100 r macwalSOC @ Modelled attainable SOC MO de”e d S O C CapaCi ty

an r an b
z z 1.Perennial pasture > cropping
= fl B0 F . .
3 & (higher rainfall).
£ 40 c 40k
2 . .
5, 3. 2.Soils with more clay have

greater capacity to store SOC.
0-14a 10-20 20-30 ’ 0-10 10-20 20-30 . . .

W r macualsoC @ Modelled attainable SOC 40 macualsOC @ Modelied attainable SOC 3_ CapaCIty for Storage 18] tOpSOII
ol o is limited (‘full’)
z 2 o
5., % . 4.Building carbon at depth our
5 i best strategy: 60% ‘remaining’
g 1 3

: : How do we increase carbon

0-10 10-20 20-30
T atdepntem Solldepth (cm) at depth?




Challenges and Solutions for WA

Carbon storage capacity limited in sandy ~ Maintain higher inputs & protect your topsoil.

soils. Majority of ‘new’ carbon in particulate Loamy soils and cooler environments can
fraction (permanence??). increase SOC accumulation.

Management solutions need to focus on getting

Topsoils theoretically ‘full’. carbon into soil at depth.

Convert rainfall into plant biomass. Improving WUE - large changes needed.
Increasing % of year receiving organic Sustained inputs required.

inputs. Management to retain more soil moisture.
Measuring change against large Long term outlook. Measure through time.
background/temporal patterns. Evidence builds confidence.

‘Improved’ management may still show Temporal measurement is critical to

declines in SOC stock over time. understanding long term outcomes.
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