Using stable isotopes in peat soils:

some of the challenges
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So why stable isotopes? LT
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Sources of Soil CO, Efflux
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Autotrophic Heterotrophic

Roots Rhizosphere Litter SOM

Turnover rate
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Methods to Partition Soil Surface Efflux i
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e Root exclusion from soil (trenching)
e Shading, clipping or girdling trees
e |n situ measurement of root respiration (root chambers)

All give a major disturbance

* |sotopes




sotope Methods

Duke Forest, Loblolly Pine

 Bomb Carbon (}4C)

e Labelling:  Pulse or continuous labelling
FACE approach with elevated 3CO,

013C natural abundance discrimination
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* C, discrimination
- by Rubisco -19%o
- by water status/ shade = - 4%o
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Natural Abundance Variation within C; Plants

Phloem sap

Twigs

Boles

Roots

Coarse woody debris
Litter {O horizon)
SOM (A harizon)
Mycorrhizal fungi
Saprotrophic fungi
Lear respiration

Root respiration
BarkNVood respiration
Zoil respiration
Ecosystem respiration

~—
N
T

The James

Hutton
Institute

(a)

(b}

(€

———— 11— '

|
T

H—rC—®T——

—5

—4

= 0 2 4
&30 = bulk leaf 313 (%ol

Bowling et al 2008



]

Isotopic End Members of Mixing Model i
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Partitioning Efflux in the Field i
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Root and Soil End Members i
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Sampled in
Executainers
and shipped
to Scotland
for analysis
with a mass
spectrometer

Place in Tedlar bag and
remove air

Collect roots and Add CO,-free air and
root free soil incubate
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Low tech approach — Now the ﬁ
Application to Peat Soils in Indonesia e s
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® Major land use changes
due to oil palm
plantations

® Clearing of native forest
and drainage of peatlands &

® How does this impact the
rates of organic matter
turnover, and can we
measure this using
isotopes?
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Shallow peats:

® Drained and logged
forest, 1 year oil
palm, 5 year oil
palm (smallholders)

Plan

B Deep peats:

® [ntact forest,
drained and logged
forest, 3 year oil
palm, 5 year oil
palm (commercial)

_‘h—-l

N
T

The James

Hutton
Institute




lan

ntal P

I'I'I

erimen

M nitial tests on
chamber flushes

B 10 chambers per
land use

® Efflux and root
| sales

BSOM incubations

® Incubated and
sampledup to 5
times in 18 hours
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Snapshot of some of the data....

Efflux measurements

Shallow Peat 1yrOP Roots and Efflux
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Marked difference
between efflux and
roots — heterotrophic
respiration

Variable across
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BUT data is the wrong
way around!!
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Repeated at other sites

Shallow Peat Logged Forest Roots and
Efflux
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® Why is the efflux so
depleted?

® Methane is known to be
very depleted in 13C (-50
%o0) but does not interfere
with isotope analysis of
CO,

® Methane Oxidation?

® 3rd End Member on
Mixing Model
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® Phillips and Gregg 2001 proposed a s
model for solving multiple isotope
source scenarios — used for diet Uncertainty in source partitioning using stable sotopes

analysis

® Doesn’t provide absolute
proportions but does provide a
range of possible solutions and
associated errors

® Requires End Members to be well
defined (Soil, Roots and Methane
Oxidation) and the mix (Efflux)



® [sotopic content of respired
CO, from soil is sensitive to
disturbance

® Increasing in O, and
breaking up of soil
structure exposes ‘new’ C
for oxidation

® So measuring the soil end
member value is not
straight forward

613C %o

5" CRg gy (%0)

-22.00

-23.00

-24.00

-25.00

-27.00

-28.00

-29.00

-23.5

-26.0 |

-26.5 |

=270 |

Millard et al 2010

]

N
T

The James

Hutton
Institute

=

Incubation time (h)

SOM 6813C Values for SP LF

200

400

600 800 1000

1200

1400 1600

L
4

-26.00 -

s

¢

: 4

L 4

Time (minutes)



Soil will ‘recover’ for disturbance with
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Future fieldwork

® Efflux rates are correlated with distance from oil palm plants

® Aim to sample soil surface efflux and root density to

determine a regression between the two

® Attempt to predict heterotrophic efflux rate

® Will allow comparison with isotopic results
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® Charlie and Iddy for being such willing field assistants.
® PhD Supervisors: Robin Matthews, Jo and Pete Smith.

® Barry, Maureen and Gillian for isotope analysis.

® Andy for bringing isotopes into my life.




