Lecture 21:

Abiotic stresses

Chilling
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Chilling vs. Freezing

Chilling injury Freezing injury

Ocecurs at 10-15°C on plants grown at Occurs at temperatures below
warm temperatures (25-35°C) — freezing point of water.
tropical and subtropical species are

susceptible to chilling (maize, bean, Induction of tolerance to

rice, tomato, cucumber, cotton). freezing (as with chilling)

requires a period of acclimation

- Growth is slowed at cold temperatures.

- Discoloration or lesions

- Foliage looks soggy, as if soaked
in water

- If roots are chilled, plants may wilt
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Citrus leaf

Chilling resistance
(percent surviving seedlings)
B
o
T

Genetic adaptation to colder temperatures
associated with high altitude
improves chilling resistance

80~ ————— Survival at low temperature
Seeds from —__~7, &, of seedlings of different
high altitudes 4 | populations of tomato

60 ~2_ -7 collected from different

altitudes in South America.
Seeds collected from wild
tomato (Lycopersicon
hirsutum) and grown in the
same greenhouse at 18-
25°C. All seedlings were

' then chilled for 7 d at 0°C

20 . and kept for 7 d in a warm
growth room, after which
. the number of survivors was
L L 1 L1 counted.
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Membrane properties change in response to
chilling injury

Plants injured by chilling show inhibition of

photosynthesis

slower carbohydrate translocation Loss of membrane
lower respiration rates function during
inhibition of protein biosynthesis chilling

increased degradation of existing proteins

Solutes leak from leaves of chilling-sensitive Passiflora maliformis (conch
apple) floated on water at 0°C, but not of those from chilling-resistant
Passiflora caerulea (passionflower).

Loss of solutes to the water reflects damage to the plasma membrane and
possibly also to the tonoplast.

Inhibition of photosynthesis and respiration reflects injury to chloroplast and
mitochondrial membrane.
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Plant membranes consist of a lipid bilayer
interspersed with proteins and sterols
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Membrane properties change in response to
chilling injury

In chilling-sensitive plants, the lipids in the bilayer have a high
percentage of saturated fatty acid chains (have no double
bonds!) — tend to solidify into a semi-crystalline state at a
temperature well above 0°C.

As membranes become less fluid, their protein components
can no longer function normally — inhibition of H*-ATPase
activity, solute transport in and out of cells, enzyme-dependent
metabolism...
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Membrane lipids from chilling-resistant plants
often have greater proportions of unsaturated
fatty acids than chilling-sensitive plants

Fatty acd i o B e T e e
ity n isolated

Percent weight of total fatty acid content.

lling-resistant species Chillng-sensithve spocies

Majorfany scios . Uinip Iooy_ Peashoot - Buain shoot | skeex potav
Palmitic (16:0) 213 19.0 128 240 249

Stearic (18:0) 19 11 29 22 26

Oleic (18:0] o 122 ER i 06

Linoleic (18:2) 164 206 619 435 50.8

Linaclenic (18:3) 49.4 449 132 243 106

Ratio of unsaturated to

»d fatty acids 32 19 38 28 1.7 21
e the it of aron sarma in the ety scid chain snd the rumbsr of docibie bonds.
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During acclimation to cool temperatures the activity of desaturase enzymes increases
and the proportions of unsaturated lipids rises — lowers the temperature at which the

membrane lipids begin a gradual phase change from fluid to semi-crystalline and allows
membranes to remain fluid at lower temperatures.

Desaturation of fatty acids — protection against damage from chilling!

Changes in relative levels of cis-unsaturated molecular
species of phosphatidylglycerol (PG) in thylakoid
membranes affect sensitivity to chilling
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Chilling-sensitive leaves exposed to high photon
fluxes and chilling temperatures are photoinhibited,
causing damage to the photosynthetic machinery
Photoinhibition = the inhibition of photosynthesis by excess light
- comprises a complex set of molecular processes
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Photoinhibition of photosynthesis
under chilling conditions
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Photoinhibition of photosynthesis during chilling
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Pathways for the activation of stress-responsive genes
upon cold and dehydration
Low temperature Dehydration  7hang et al. 2004 Plant

/ \Physiol 135: 615-621
ABA independent / .
. O ABA Indopendent 3

Engineered drought and freezing tolerance in transgenic
Brassica napus through constitutive expression of CBF1
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Zhang et al. 2004 Plant

Physiol 135: 615-621 Control




