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Benefits of early green-up

* Hypotheses:

— Increases the growing season length for trees
(Riviera 2002, Elliott 2006)

— Prevents leaching of leaf nutrients in first
rains: time for cuticle to develop (Sarmiento et
al 1985)

— Preferential access to available nitrogen when

the first rains come (Scholes and Walker
1993)

— Other hypotheses??7?



Costs of early green-up

* Hypotheses:
— Loss of stored water
— Qver-heating of leaves

— Loss of leaf biomass if trees end up
discarding leaves (Do et al 2005)

— Loss of leaf biomass through fire and
herbivores

Do the benefits outweigh the costs?



Ecosystem stress at start of
season

-Using leaf temperatures to measure plant water stress has a long history
In the agricultural literature (Jackson 1984)

- When stoma are open, plants loose water, which results in evaporative
cooling, and the leaf temperatures decrease.

- The temperature difference between the canopy and the air has been
used
1: to define irrigation schedules (identify when plants become water stressed

and start closing their stomates)
2: to predict productivity and photosynthesis

- We use InfraRed Thermometers (IRT) to determine how/whether savanna tree
species trade-off temperature stress for water stress.

- Combine with a range of other data sources



Research Questions

When do savanna trees put on their
leaves?

How hot do these leaves get?
Is there any indication of temperature
regulation during this period?
If so, what Is the source of the water?

Does this help us to identify the adaptive
advantage/disadvantage of early
greening?



‘Experimental Design - 1

.

6 infra-red thermometers
Installed in September/October
2009

— Measure the canopy and air
temperature of Acacia nigrescens,

Sclerocarya birrea, and Grewia flava.
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Experlmental Design - 1

6 infra-red thermometers
Installed in September/October
2009

— Measure the canopy and air
temperature of Acacia nigrescens,

Sclerocarya birrea, and Grewia flava.

 Dendrometers installed in
September/October 2009 on
Acacia nigresens and
Sclerocarya birrea

— measuring stem diameter
2= ° Weekly sampling of the
# W percentage of the canopy that

IS IN leaf

— field data scaled from O: no leaves, to
5 a full canopy of leaves.




Experimental Design - 2

« Sampling set up to take
advantage of the data recorded
at the flux tower:

— Rainfall, Soil moisture, Relative
Humidity, Carbon and energy
exchange.

e Sampling set up to coincide
with regular sampling of
Carbon, Oxygen, and Nitrogen
Isotopes in the leaves, stem,
soll organic matter and soill
atmosphere

— Provides auxiliary information on the
source of water, the amount and type
of below ground activity, and nitrogen

dynamics.




This Is WORK IN PROGRESS

« Only present data for Acacia
nigrescens

* Not all the isotope data have
been processed yet




Research Questions

When did the trees put on their leaves?
— In relation to rainfall and soil moisture availability

How hot do these leaves get?

— Does this fit with published information on the temperature limits
of live plant material?

Is there any indication of temperature regulation during
this period?

— Difference between air and canopy temperature

If so, what is the source of the water?

— Stem water, ground water, last year's water

Does this help us to identify the adaptive
advantage/disadvantage of early greening?
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Timing of leaf display

Acacia nigrescens leaf display over 5 years at the flux site
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Is there any indication of
temperature regulation?
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Is there any indication of
temperature regulation?
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Temperature as an indication of

CANOPY-AIR TEMP. DIFFERENCE

walter stress

Crop Water Stress
Index (CWSI) =

An indication of how
much transpiration is
occurring relative to
what could be
occurring.

Scales from 0-1

6o 1 & 8 % s s
VAPOR PRESSURE DEFICIT (kPa)
ldso et al 1981 in Jackson 1984
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Conclusions from IRT data

* The IRT data gives information on the
timing of transpiration — all associated with
first big rain event, no temperature
response to the first leaf flush
— Leaves can survive temperatures of > 40 C
— Leaves are not transpiring during this period!
— There is no photosynthesis occurring

(corroborated by flux tower data)

 What are these leaves doing?



Water, Carbon and Nitrogen
reserves

What is the
source of:
1: Water

3: Carbon
4: Nitrogen?




Water, Carbon and Nitrogen
reserves

What is the
source of:
1: Water

3: Carbon
4: Nitrogen?

Stem reserves?

Root reserves?

Soll reserves?
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Stored reserves



Stored reserves

Oxygenl8: stem



Stored reserves

Oxygenl8: stem

Oxygenl8: soll



Stored reserves

Leaf C:N ratio



Research Questions

When did the trees put on their leaves?
— 2-3 weeks before there was any moisture in the soil

How hot do these leaves get?
— Over 40 degrees Celsius

Is there any indication of temperature regulation during
this period?

— NO — but some loss of stem water

If so, what Is the source of the water?

— Stems are shrinking during this period

Does this help us to identify the adaptive
advantage/disadvantage of early greening?



Benefits vs Costs

* Benefits:
— Longer growing season NO
— Prevents leaching of leaf nutrients POSSIBLY
— Preferential access to nitrogen POSSIBLY
» Costs:

— Loss of stored water PROBABLY NOT
— Over-heating of leaves YES CERTAINLY
— Loss of leaf biomass YES - BUT



Context
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Context



|Isotopes — for dummies

e Oxygenl8: more positive = more evaporation

— Compare soil oxygen with stem and leaf oxygento
see whether the source is the same

e Carbonl3:

— within a tree leaf: more positive, less transpiration

— Within the soil: Gives information on relative
contribution of tree (C3) and grass (C4).

* Nitrogen: Higher values — more cycling in the
system



Air temp-leaf temp

Ecosystem stress at start of season

rainfall



Greenup In relation to first rains



Willlams et al 1997



