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What is phenotyping?

A phenotype is any observable trait of a plant:

e morphology

e development

» biochemical composition e.g. secondary metabolites
(vitamins, antioxidants, taste)

« physiological properties

Phenotype (P) = Genotype (G) x Environmental factors (E)

Used to detect stress tolerance / \

What is optimal? What is stressful?
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Agricultural and horticultural crops

Food
Staple food (starch based)
Cash crops (vegetables, fruits)
Animal feed
Ornamental plants

Divers origins from all over the world
- wide range of ecophysiological adaptations

Cultivation in similar climate zones or greenhouses
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Wheat production of the world
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Average regional wheat output (kg/ha) @
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Abiotic plant stress

What is stress?
e Some definitions
What is the effect on the crop?

o Water
e Nutrients
e Temperature
e Light
v PAR (Photosynthetic Active Radiation)
v UV-B
e Air pollution (O3, SO,, NO,, ethylene, phtalates)
Biotic plant stress \<
Softeners
Insects Mites for plastic
Virus Bacteria
Fungi Herbivores
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What is plant stress?
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What is plant stress?
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What is plant stress? — some definitions

Too much or too little of one thing creates imbalance

Regulation
Regulation of metabolism follows the daily/seasonal fluctuations in the
abiotic environment (temperature, light, water availability etc.).
Adaptation
Genetic adaptation to the environment/biotope/climate zone.
Plants are specialists (narrow) or generalists (broad); obligate (all the
time) or facultative (sometimes) adaptations are possible.
Acclimation

Biochemical modifications of adaptation to better survive when the
daily regulation is not enough.

The environment puts a strain on the plant, which becomes stressed
(eustress) and triggers acclimation.
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Ecological adaptations

Some examples...
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Danish forest in the spring
- wood anemones (Anemone nemorosa)
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North American forest in the spring
— Phacelia sp.
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Forest light environments

Open pine forest, Sweden
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Forest light environments
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Regeneration of spruce under mature:can
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Aloe dichotoma
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Spathiphyllu wallisii, obligate shade plant from South America
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Phalaenopsis amabilis Népenthes: veichii
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Competition for light
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Beech, Denmark
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The carbon flow in a plant - the basis for growth

Metabolic balance
Hight efficiency =

Photo- ——> CO,
respiration

Photo-
synthesis

Ion uptake
respiration

Tra_nSpOl’t Maintenance
within respiration
Storage the plant

compounds
/
Storage Growth compounds

e.g. starch
compounds respiration

e.g. starch \

Ecol. Bull. 43, pp. 92-101
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Biosynthetic
Modified from Dewar et al. 1994, Structural compounds
compounds @
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Coffea arabica 'Costa Rica 95 Dwarf’ grown in the field

14 More
I Sun plant sugars,
12 more
r respiration
10
. Shade plant

(50% shade)

Net photosynthesis, pmol m2 s

o

:: L L i " | n i 1 " _2 PRI S S S T N T T [ S S
0 300 600 900 0 40 80 120 160

]
n

FACULTY OF LIFE SCIENCES

PPFD, pmol m?Z s-1 PPFD, pmol m2 s-1 @

Photosynthetic Photon Flux Density, PPFD = PAR
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Light acclimation of photosynthesis

High light Quercus pyrenaica

Low light

Rodriguez-Calcerrada
et al. (2008) Tree
Physiol. 28: 761-771
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Coffea arabica 'Costa Rica 95 Dwarf’ grown in the field
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Differences in the capacity of light acclimation
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Photosynthetic gradients through Eucalyptus leaves and
their light acclimation
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Photoprotection

Photon intensity ‘ Photosynthesis

l 3nd line of defence:

Excess photons Acclimation

1st line of defence: Heat
Supressing mechanisms

Toxic photoproducts (ROS)

2nd line of defence:

. _—>
Scavenging systems

Damage to D1 of PSII

1 > Repair, de novo synthesis
Oxidized D1

|

Photoinhibition
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Energy balance of photosynthesis
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Photoprotection

Excess light

— excess excitation energy in the
photosynthetic light reaction

— down-regulation and/or
damage to PSII

— decreasing photosynthesis due
to photoinhibition, which is
reversible

Defence: controlled heat
dissipation, changed pigmentation,
high light acclimation

Nyssa sylvatica
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Photosynthetic light acclimation in Toona australis (Meliaceae)
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Light saturated photosynthesis
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A sunny day in August with scattered clouds
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Photosynthesis in real life
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Photosynthesis in real life
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Photosynthesis and stomatal conductance of

Abies normandianna
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ETR = electron
transport through PSII

Chlorophyll fluorescence used to evaluate the effect of

FACULTY OF LIFE SCIEN

temperature on photosynthesis in Phalaenopsis (CAM)

Room temperature

In situ in greenhouse
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LED for Phalaenopsis in growth chambers

Low light species
Precise and ‘low’ (19°C)

temperature needed for
flower induction
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Plant growth per week in Phalaenopsis in LED light
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Photosynthesis (measured by fluorescence)
- effect of the colour of light
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Shape of flower
spike and
inflorescence in
LED light
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White light Red light
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Mechanical stress to reduce plant height - changed phenotype
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phenotyping of
plants of diverse
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Thank you for your attention - questions?

Eva Rosenqvist
Section for Crop Science

Nanjing, 24 February 2012
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