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Ablotic Stresses

Drought

Cold

Heat

Excess Water
Salinity




Global Warming Models Predicts

 Erratic weather patterns

e Impact of abiotic stresses
— Unpredictable
— Severe




Developing Strategies

for

Sustainable Production in a Changing Climate




General Approaches

1. Understand and Exploit Genetic and Physiological Variations

Mining the Germplasm
|dentify physiological & genetic traits linked to abiotic stresses

Introgress desired traits

2. Develop Production Practices to Mitigate the Impact




Prerequisites

1. Mechanism of Injury
2. Mechanism of Survival

3. Mechanism of acclimation

Potato as a model

Mechanisms ?
Approaches ?




Global Land-Ocean Temperature Anomaly (°C)
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Kyoto Japan Festival Records Date Back 1200 Years







Historical Flowering Dates, yr. 850-2000




1982: snow for over three months
2008: no snow

2008 Lower Limit

1982 Lower Limit

R. Gomez (2008)




General Approaches

1. Understand and Exploit Genetic and Physiological Variations
Mining the Germplasm
|ldentify physiological genetic traits linked to abiotic stresses
Introgress desired traits

2. Develop Production Practices to Mitigate the Impact




Prerequisites

1. Mechanism of Injury
2. Mechanism of Survival

3. Mechanism of acclimation

Our studies with potato




High yields but frost sensitive










Increase In frost hardiness by 1-2C

* |Increase potato yield by 30-40% in Altiplano

e Area effected 63,000 Ha in Peru and Bolivia

 60% area planted with bitter potatoes




Frost Hardiness in potato

composed of two major components

 Tolerance (ice In tissue)

 Abllity of acclimate




After field frost

Two desired traits

S. commersonii
Hardy S. tuberosum

able to acclimate Sensitive |
unable to acclimate




Killing temperature ( ° C)

Categories Species (example) Before After
Treatment* Treatment**

Group | : Frost tolerant . acaule - 6.0 -9.0

and able to . commersonni -45

Group Il : Frost tolerant . Sanctae-rosae -5.5

but unable . megistacrolobum -5.0

Group Il : Frost sensitive . oplocense -3.0

but able to . polytrichon - 3.0

Group IV : Frost sensitive . tuberosum -3.0
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and unable . cardiophyllum -2.5

* Plants were grown in a regime of 20915 day/night , 14 h photoperiod.
** Mature Plants were transferred to 2€C day/night, 14 h photoperiod, for 20 days.

Li, P. H. et al. 1979. Low Temperature Stress in Crop Plants, eds. J. Lyons, J. Raison,
D.Randall, pp. 291-303. New York: Academic Press.




Desired Traits

Igh nonacclimated tolerance
Igh acclimation capacity

(Independent traits)
Field selection possible ?




Every frost episode Is different
How cold
How long

Cold exposure before frost

(Acclimation ?)




Study these traits In
back cross progenies

X S. cardiophyllum

Sensitive unable to acclimate




Nonacclimated freezing tolerance independent of acclimation capacity

Stone et al. (1993) PNAS 90:7869-7873.




Backcross progenies of S. commersonii
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Teutonico et al. (1995) Molecular Breeding 1:329-339




How to select for frost tolerance

Study Mechanism of freezing injury




FROST IN NATURE

Extracellular Ice

—

Stresses: Dehydration
Salt, Osmotic
Mechanical







Under stress : Membrane injury, leakage of K

Cell Wall
Cell Membrane Tonoplast

A\

Cell Sap
K

Cytoplasm




Injured yet alive cell demonstrate lon Leakage = K "+ cax
Palta et al. 1977




Injury Is initiated at Cell Membrane

Where ?

ATPase










Injury Is initiated at Cell Membrane

Where ?

Plasma membrane ATPase

How ?










Frost injury —» Selective loss of membrane calcium

Membrane
CTC
Fluorescence
(membrane Ca)

Fluorescence view Light microscope view

Arora and Palta (1988) Plant Physiol. 87:622-628.




More ion leakage as calcium lost from
membrane




Injury Is initiated at Cell Membrane

Where ?

Plasma membrane ATPase

How ?

Loss of Calcium from Membrane

Changes in membrane lipid ??







After field frost

commersonil S. tuberosum
ardy able toacclimate Sensitive unable to
acclimate




Study changes during acclimation




Acclimation Ability

non-acclimated cold acclimated

S. commersoni -4°C -10°C

S. tuberosum -3°C -3°C




Membrane Lipid Fluidity

_5C [\[\/
AN
O = 16:0 / 18:2




Unsaturated fat increases only in S. commersonnii




During cold acclimation

Membrane lipids change
Saturated to unsaturated

Solid to liquid
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Vega et al. (2004) Amer J Potato Res 81:125-135.




Injury Is initiated at Cell Membrane

Where ?

Plasma membrane ATPase

How ?

Loss of Calcium from Membrane

Changes in membrane lipid




Can we improve frost tolerance of
poato by breeding ?




Desired Traits

Igh nonacclimated tolerance
Igh acclimation capacity

(Independent traits)
Field selection possible ?










Hardy Sensitive
+
cmm tor

Somatic Hybrid

1. Back cross with tuberosum
2. Self

Select precisely for
non-acclimated tolerance
and

Acclimation ability




Freezing Tolerance
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General Approaches

1. Understand and Exploit Genetic and Physiological Variations

Mining the Germplasm
|dentify physiological & genetic traits linked to abiotic stresses

Introgress desired traits

2. Develop Production Practices to Mitigate the Impact




Calcium Nutrition

and
Ablotic Stresses

Why calcium ?




Roles of Calcium In Plant
A. Physical and Chemical

1. Membrane structure
2. Cell wall strength

B. Metabolic: Secondary Messenger




Root Zone Calcium Modulates
Heat Stress Response In
Potatoes

Threshold Level




Plant growth under heat stress

Calcium (ppm)
5










Under Heat Stress (growth, Cell Elongation is
Inhibited)

High Calcium Low Calcium




Heat Shock Proteins

HSP 10
HSP 21







Can calcium reduce frost damage ?




Applying the treatments







Hand Planting




Hand Planting




Control
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