On the development of dendro-geochemical
techniques for the study of the
terrestrial tropics
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@ two dry seasons — thermal limit of the tropics
@D other climates

Much of the tropics have seasonal rainfall
patterns
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---------------------------------- J] NSRRI |  1-T-1

Amount effect

o' BO((I cellulose) —™

5
1 2

Evapotranspiration

wet year or
rainy season

Evans and Schrag, GCA (2004)



Annual or seasonal 680 signal recorded in tree cellulose
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Climate of Southeast Asia




Climate of Southeast Asia




Isotopic chronometer

DIN99south - Podocarpus herriifolius
Scar from end of October 1992
Tree cut in February 1999



Isotopic chronometer

DIN99south - Podocarpus herriifolius
Scar from end of October 1992
Tree cut in February 1999
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Dendrochronology Tools for tropical trees

Stable isotopes

Trace elements

Tree age
Growth rate history
Climate history

Additional tools: Radioisotopes, dendrometry, cambium wounding methods



Tropical dendrochemistry

1. Atmospheric deposition

throughfall

3. Decomposition of plant

litter /roots 2.Weathering of rocks / minerals
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metals and nutrients



Tropical dendrochemistry

Mechanisms for seasonal uptake of calcium

1. Pulsed decomposition of leaf litter
(Wright, Cornejo) / Pulsed release from
microbial biomass (Singh et al.)

2.Seasonal production of pectins affecting
binding of Ca to carboxyl residues in
cell wall (Hepler)

3. Ca uptake as a function of transpiration stream

. S

2. Transport to xylem vessels

>,

*)(Ca occurs:
- Woody xylem on cell wall exchange sites
- Cell wall lignin matrix
1. Root uptake via apoplastic pathway Crystalline and mineral form in cell lumens
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SYNCHROTRON VERSUS XRF
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Ca Intensity (Synchrotron, XRF)

SYNCHROTRON VERSUS XRF
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Results

Ringless tropical trees record seasonal cycles

These cycles are observed using §'80, §'3C and Ca. (A14C)
Isotopic and elemental age models all agree within +/-2 years
One tree sample shows correlation with rainfall.

For statistically robust climate records, we will need to make use of the fast XRF collection
to generate large numbers of replicated records.
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Future work

Sampling in Brazil, French Guiana, Indonesia, Panama and Thailand.

Use Forest Dynamics Plots from STRI.

Use of data sets in ecology, soil chemistry, climatology and dendrometry to study nutrient cycling.

This will help fill the gap in paleoclimate archives from the terrestrial tropics.
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r=0.49

PK1: WHOI scanning XRF Ca intensity
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Doi Inthanon

Podocarpus neriifolius

DIN99south - Podocarpus herriifolius
Scar from end of October 1992
Tree cut in February 1999

Miliusa velutina (PK1)




AC vs. 0180 age model years of PK1 and PG1
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Major air masses over southeast Asia
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Northern Thailand sampling
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PK1: WHOI scanning XRF elemental distributions
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Dendrochronology Tools for tropical trees

Tree age
Growth rate history
Climate history

Additional tools: Radioisotopes, dendrometry, cambium wounding methods



Tropical isotope dendroclimatology
leaf water

precipitation

YY xylem water

\V

= f, X (Slsowx + &,) + (1 -fo) x (8180W| + &)

f,: fraction of carbon-bound oxygen that exchanges with medium water (0.42)
g,. isotope fractionation factor for enzyme-mediated exchange or addition of oxygen (+27%eo)

5'80,,,: xylem water isotope ratio
o180, leaf water at the site of evaporation Roden et al., 2000



METHODS

Use microtome
to sample 25
um wood slices

Cut radial core

Prepare surface

TCEA
online pyrolysis
1450 C

- cellulose extraction Load cellulose
T g into silver

\ from wood slices el

! (modified after Brendel oats

e et al., 2000)

8180 measurement on CF-IRMS
Delta+ (10 = 0.3 %)



{Ai @L:) Carbon isotope model
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a: Fractionation effect related to diffusion of CO, through stomatal pores (4.4 %o).
b: Isotopic discrimination by the Rubisco enzyme during carbon fixation (27 %o).
G, C,: CO, concentration inside and outside of leaf

¢, Biochemical fractionation factor - post-photosynthetic effects (2-5 %o)

A: Rates of CO, fixation

gs: Stomatal conductance Farquhar et al. 1989



Ca (XRF - WHOI)
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