PHYSIOLOGICAL RESPONSES

OF TREE CROPS
TO CLIMATE CHANGE
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Climate change
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The warming world

Temperature Anomaly (°C)
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Temperature Anomaly (°C)
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Rising CO,, correlated with rising in
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Air temperature (9C)
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Facility

I 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

I High throughput growth and analysis capacity now the

factor limiting discovery of new traits and varieties
Need more technolog
to elucidate function
to support forward genetics

I 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

I
-1 Phenology

o1 Flowering and fruit set
= Bud break, ...

71 Photosynthesis

71 Respiration

01 Transpiration

1 On enzyme, membrane,

1 Others
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Photosynthetic response to temperature
I
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Fig. 1 Example of temperature response of net CO- assimilation rate
(A) relative to values at optimal temperature (A,,) of six leaves
grown in a growth chamber at 28°C. Leaf temperature ranged from 9
to 38°C. A was measured at an ambient CO-, mole fraction of
350 pmol mol™'. Different symbols represent different leaves

Kositsup et al, 20009.



Importance of acclimation |

Grown at 18°C
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Importance of acclimation |
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Increasing atmospheric CO,
I

Atmospheric CO, at Mauna Loa Observatory
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Photosynthetic response to rising CO,
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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 Vecmax and Jmax.

Kositsup et al, 2010.



Photosynthetic response to rising CO,
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Counterbalancing effects of T and CO,,

700

— 600 |

|

=

o 500 |

)

O

= 400 [

O

=

7] 300 |

.

Z I Ca
200 favored

10 20 30 40

Daytime growing-season temperature, C



O $iteeLAniy

T BINnLAW LY



HANIZNUINNNITAIAL
7

0 ldnandnaasizBusuesvgioandesasleunn

ﬁﬂmuma“lu N1 70 sua 728 “jinu J9nInAUNUT ATENUALLAITULTY uwsmma
2am AuRuAn 5 uiluls edlasdenanatuilseaulumfaudanannlutionaald
Advazaangnain

Yuii 25 n.w. 2554 ) tv11.prd.go.th

?j'l'.;muwa‘lu n31 70 m'l'ua /728 wyjinu wmmaumus ﬂ‘i"‘ﬂ'ﬂﬂ EILLAY
SULLTI 1in LiMLLHﬂ?.IEE! Auriusinin 5 udiuls Vetlazdenasaniuvidszay
ﬂmmﬁﬂue&'miwrm’tummﬁHa“la.]’mﬁ‘a::*‘aanammm W LnEAsNSAN
muwa‘lu uiiuii 8 ana 76 eua 728 Humu UAIAIWIAAUNLS 9
Usznaueia annatuAnaing Neuu Tlotinsau fauma1l wWAYWIIUNI
virluad ungngaiu uazainanae dAaviszaudamiiuudennaiuating
SULTY favadasaussnnulIatnavdnsilnasasdruviacdiu Turheiina
wamajmuinﬂmaq"aaﬂs{mmmmﬂaLmau:umram ey Taeany
fuviana Tdeinsau uassaua? maaﬂiuﬂnﬂmmnmmﬂhﬁﬁn il
Lmaﬂmﬁi’umuﬂisnauﬁ’mﬂmmmL.W'n”ﬂaﬂm‘lummaﬂi“mﬁ UL
lweRuAs N8 Na”Lu”iwﬁaﬂmﬁswﬁﬁqnﬂiuﬁuﬂmmsuuia‘lamﬁﬁ’u
LLH"H"Nﬂﬁﬂﬂﬂﬂﬁwﬂﬁu'ﬂu1ﬂﬂﬂ1‘iL‘iﬂE{ﬂﬂﬂEdNuu"lLl.ﬂﬂm“l«‘i'lﬂﬂuﬂﬂkl.ﬁu
annne ummmw"‘lnmumam‘mmaaﬂ1i'£°ifuwmmwm'sﬂﬁjﬂmu1u




naqwé?laa msﬂ%’uﬂ‘gaﬁu'{lﬁ’mumudamsmmﬁq

LLANBEINI ﬁ'ulﬂﬁuﬁ’uamwga’immmtasﬁﬁu
1]

O W%‘V]LW%UaﬂWﬁi%[aﬂﬂ’J%alﬁtyj UQIr1N15210LARWIN
Twunedaaianaaenisinizugn

m JulgymlnaninnauandnzesigUgnlaudlmanndusnm

WA WA NINLE WU TN A LN e

B 19T L NT1ZN19N 9218209/l i LN F N LA Na VN AN A9
5282178172710 LAa W LaSLT WA IN152IARIZIN NS
wSiulauaznananze Ny

B 5298191 1e79NW197 wazlana



1U1mN18299n15U5UU39MUg 819191 TANULAS

I
Caewsnagras ndelaladanie

Ol¥sanme LHeRTuLAY
olAaulalatng iWaltuFeuae

D g9 UANSALEN

OlAnaNAnanahae LHaIHTULAS




Physiological and morphological traits

Root and shoot growth and development,
the sensitivity of leaf expansion,

the extent of leaf abscission,

Leaf 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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Carbon partition
in Hevea brasiliensis Muell.Arg. at trunk scale




Trunk radial growth
Silpi uazame Doras)y  Trunk movement

1150 Trunk Radius Variation (um) - untapped tree ; Sh I‘I n k / SWG”

trunk radius variation
in rubber tree

e daily transpiration
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Hemispherical photograph technique

: Ce g o . 2 - ¥ . F £ .
Foca & W g e r eMEEL W .
L] i

 Using Nikon Coolpix 995 with
FC-E8 Fisheye Adapter

» Lens holder was invented to help
leveling the camera and
measuring the direction
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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
day the litters were collected.




Estimating PAI

» Gap Light Analyser V.2 was use to » Adjusted threshold until the sky
estimate PAI colour become white.

» Photographs were cropped to the  Calculated PAI
measuring area.

7' Gap Light Analyzer
Lle ol sy Ceniuie dvees Choddr Wuies ek
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Leaf water status
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Water stress index (AT
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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
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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
availability is intrinsic water use efficiency (W),

the ratio between net CO, assimilation and stomatal conductance.
W. can be indirectly estimated,
via carbon isotope discrimination (4),

assuming the occurrence of a linear and negative correlation
between A and W, as evidenced in cereals and trees



correlation between A and ring width
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Figure 4. Relationship between average values of A, _ 4 and ring
width from each time period (O = Q. petraca. ® = Q. robur). Each
point is the mean of 10 A, 4 values, corresponding to the 10
selected trees per species.

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



Correlation: A and earlywood vessel area
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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—
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Field Crops Research

journal homepage: www.elsevier.com/locate/fcr

Review

Effective use of water (EUW) and not water-use efficiency (WUE) is the
target of crop yield improvement under drought stress

A. Blum™

Plantstress.com, P.O. Box 16246, Tel Aviv, Israel

ARTICLE INEO ABSTRACT
Article history: Water-use efficiency (WUE) is often considered an important determinant of yield under stress and even
Received 12 December 2008 as a component of crop drought resistance. It has been used to imply that rainfed plant production can be

Received in revised form 19 March 2009

increased per unit water used, resulting in “more crop per drop”.
Accepted 19 March 2009

This opinionated review argues that selection for high WUE in breeding for water-limited conditions
will most likely lead, under most conditions, to reduced yield and reduced drought resistance. As long as
the biochemistry of photosynthesis cannot be improved genetically, greater genotypic transpiration
efficiency (TE) and WUE are driven mainly by plant traits that reduce transpiration and crop water-use,

Keywords:
Water-use efficiency
Drought resistance

* redingfor maximized sol misure capture for tanspraion i he most impartan”
E\targct foryiekd improvement under drougt stress, - ;

x
assimilate partitions and reproductive success. It is concluded that EUW is a major target for yield
improvement in water-limited environments. It is not a coincidence that EUW is an inverse acronym of
WUE because very often high WUE is achieved at the expense of reduced EUW.
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Canopy Carbon Balance

Net Ecosystem
Carbon Exchange

Gross Photosynthesis

Dark and
Photo Respiration

CO2 Storage
bole respiration

bl itter
respiration respiration

Figure 6 Flows of Carbon dioxide in and out of an ecosystem

From Baldocchi, 2003



