
PHYSIOLOGICAL RESPONSES 

OF TREE CROPS 

TO CLIMATE CHANGE
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Tree crops
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Climate change
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The warming world



Rising CO2 correlated with rising in 
temperature
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Genomics is accelerating gene discovery and novel plant 
development

Developing genetically powerful populations
Generating transgenic lines of interest
Discovering candidate genes for tolerance to Na+, B, drought

Phenotyping - the new 
bottleneck in plant science

High throughput growth and analysis capacity now the 
factor limiting discovery of new traits and varieties

Need more technology
to elucidate function
to support forward genetics

Need to measure effects of gene manipulations on plant 
function - ‘phenotyping’

Mark Tester
Australian Centre 

for Plant Functional Genomics



Functional Genomics

� Genomics
� High throughput analysis of genes and their immediate 
products, to study the structure and function of genes 
and genomes

� Phenomics
� High throughput analysis of plant growth and 
physiology, to reveal the role of each plant gene in the 
function of the whole plant



Temperature effects

� Phenology

� Flowering and fruit set

� Bud break, … 

� Photosynthesis � Photosynthesis 

� Respiration

� Transpiration 

� On enzyme, membrane, 

� Others 

Cold stress
Heat stress
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Photosynthetic response to temperature

Kositsup et al, 2009.



Importance of acclimation !

Grown at 18oC
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Importance of acclimation !

Grown at 18oC Grown at 28oC
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Increasing atmospheric CO2



Photosynthetic response to rising CO2

� Fig. 1. Example of one A/Ci curve fitting of a 2-year-old potted RRIM 600 
clone measured in October 2006. Farquhar’s model was fitted to the data 
of the response of light-saturated CO2 assimilation rate (Amax) to 
intercellular CO2 concentration (Ci) in order to estimate Vcmax and Jmax.

Kositsup et al, 2010.



Photosynthetic response to rising CO2

Kositsup et al, 2009.



Counterbalancing effects of T and CO2
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Physiological and morphological traits

� Root and shoot growth and development, 

� the sensitivity of leaf expansion, 

� the extent of leaf abscission,

� Leaf water statusLeaf water status

� stomatal sensitivity to water deficit,

� photosynthesis

� carbon isotope discrimination

� xylem embolism

� the potential for osmotic adjustment,

� adjustment of the root : shoot ratio, and others 
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Study root growth
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Carbon partition 

in Hevea brasiliensis Muell.Arg. at trunk scale 

Integrated StudyIntegrated Study

Radial growthRadial growth

Latex productionLatex production

Respiration activityRespiration activity

ReservesReserves

Gohet "����� (Doras)



Trunk Radius Variation (µm) - untapped tree
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trunk radius variationtrunk radius variation

in rubber treein rubber tree

Trunk movementTrunk movement
shrink / swellshrink / swell
• daily transpiration

• latex exploitation

• growth

Trunk radial growthTrunk radial growth

creation of  magnetic field 

(LVDT) 

Silpi "����� (Doras)
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changes in voltage output (mV)changes in voltage output (mV)

datalogger

radius variation (µm) Linear Variable Displacement 

Transducer, LVDT
Resistance 

System, RS

changes in resistance 

(RS) 
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Hemispherical photograph technique

• Using Nikon Coolpix 995 with 

FC-E8 Fisheye Adapter

• Lens holder was invented to help 

leveling the camera and 

measuring the direction



Taking photographs

• Taking the photographs in the 

morning or in late afternoon.

• Using highest resolution as possible

• Taking photograph above the trap

• Taking photographs at the same • Taking photographs at the same 

day the litters were collected.



Estimating PAI

• Gap Light Analyser V.2 was use to 

estimate PAI

• Photographs were cropped to the 

measuring area.

• Adjusted threshold until the sky 

colour become white.

• Calculated PAI



Leaf water status
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โลกรอน … กับยางพารา

CO2น้ํา
พลังงานพลังงาน



Mean rainfall over 16 years at CRRC (1989-2004)
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Water stress index (∆Tcanopy-air)
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Thermal image of a crop field

http://www.uswcl.ars.ag.gov/epd/remsen/irrweb/thindex.htm
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physiological characteristics study of 13-year-old rubber tree with 

crane at CRRC in October 2006 , January 2007 and April 2007

Boonthida "����� (Doras)



Carbon isotope discrimination
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CID and Water use efficiency

� WUE is defined at the whole-plant level as the ratio 
between biomass production and water consumption;

� it is difficult to measure as such. 

� One functional trait that could be of interest as an index for 
improved or maintained productivity under reduced water improved or maintained productivity under reduced water 
availability is intrinsic water use efficiency (Wi), 

� the ratio between net CO2 assimilation and stomatal conductance. 

� Wi can be indirectly estimated, 

� via carbon isotope discrimination (∆), 

� assuming the occurrence of a linear and negative correlation 
between ∆ and Wi as evidenced in cereals and trees



correlation between ∆ and ring width

Ponton et al., 2001, Plant, Cell and Environment 24, 861–

868



Correlation: ∆ and earlywood vessel area

Figure 5. Relationship between isotopic discrimination during 1976 and average tree earlywood
vessel surface area (r = 0·79, P = 0·0001) (O = Q. petraea,  = Q. robur).

Ponton et al., 2001, Plant, Cell and Environment 24, 861–

868
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From Baldocchi, 2003


