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Teplotni stress / temperature stress

Temperature stress: Low or high
temperature, called frost Injury or heat
injury, respectively.

2.1 Frost ( freezing )injury

The injury is caused by low temperature below
freezing point ( { 0°C) ,companied with frost.
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2.1.1 Mechanism of freezing (frost )injury

2.1.1.1.Freezing:(intercellular and intracellular freezing)

(1) Intercellular freezing

1ce

Intercellular freezing occurs when temperature falls gradually.



Growth—melt asymmetry in ice crystals under the influence of spruce budworm
antifreeze protein

Natalya Pertaya’, Yeliz Celik?, Carlos L DiPrinzio®, J S Wettlaufer?3, Peter L Davies* and
|ldo Braslavsky'-°

Published 10 September 2007
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Rapid Freezing

Advantages of vitrification

— No ice crystal formation

— Rapid equilibrium

— Absence of Water leak after equilibrium

— Decreased osmotic shock

— Shot time required

— Minimum damage of membrane lipid

— Simple procedure

— No equipment require COERTE
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DIFERENCNI SKANOVACiI KALORIMETRIE
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Diferencni skenuijici kalorimetr (DSC) je vhodny pristroj pro méreni a
interpretaci fazovych prechodu vody v rostlinach. DSC se vétSinou pouziva
pro pfimé meéreni skelnych prechodu a teploty ledové nukleace s
naslednym vyhodnocenim pomoci termické analyzy. Teplotni podminky a
urovne hydratace pri kterych se zacina tvorit sklo byly porovnany na
zakladé rozdilnych mechanismu tolerance nizkych teplot rostlin z
prirozenych podminek.
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Pozn. K¥ivky pro jednotlivé vzorky jsou posunuty podél osy y z divodu prehlednosti. Hodnoty tepelného toku plati pouze relativné.



Obr. 2: Termické odezvy semen tii kultivarii Rudbeckia hirta s dvojitou endotermou, které piedchd
skelny prechod, v zdvislosti na teploté pii ohievu 10 °C min™.
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(2) Intracellular Freezing :

Intracellular freezing often occurs when temperature falls
suddenly.

Ice results in the direct injury in cytoplasm, biomembrane and
organelle, and damages to cell compartmentation and
metabolic disorder.

Much more serious damage is caused by Intracellular
Freezing than by Intercellular Freezing.

2.1.1.2 damage of protein:
Sulfhydryl group hypothesis (disulfide bridge hypothesis
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Supported Exp :

(1) —S—S—increase and soluble —SH
decrease after plant tissue faces to freezing.

(2) Less—S—S—and —SH of protein in the
resistant-freeze plants.

(3) The plant with free —SH,glutathione, is
more resistant to freeze.

(4) Artificial —SH,mercapthanol increases
resistance of plant to low temperature.




2.1.1.3.Damage of biomembrane

Electric conductivityt, cell material leakageft,
photochemical activity and ATP production |,
while photoinhibition 1, CF1 and PC depart
from membrane.

Change in state of lipid and protein
denuturation



2.1.2 Chilling injury

Chilling injury in tropical or subtropical
plants Is caused by temperature above 0°C
(freezing point )..

Maize, cotton rice seedling——10°C,

Rice pollen-mother cell division, 23°C for O.
sativa and 20°C for O. japonica.

Banana tree——13°C,
Oak tree——5°C,



Chilling stress

Freezing stress

[ﬂm by Low Temperature
Low Temperature Stress Stress
T > 0°C: Chiling by
T < 0°C: Frost freeze dnnydrmn
* Membrane viscosity * Protoplast volume shrinkage
* Retarded metabolism upon extracellfar ice formation
* Dalayed energy dissipation, * Negative wrgor (tension)
leading to radical formation « Concentration of celluiar solutes
and oxidative stress « Aboltion of metabolic processes
' * Change of membrane potentials

» Desintagration of membrane
biayer by freeze dehydration




2.1.2.1. Change in state of lipid
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HILLING STRESS

Increase O, and other

ROS generation
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Figure. Scheme of the initiation and development of chilling injury in the cells of chilling-sensitive plants




Metabolism disorder

(1) Uptake function of roots declines and water
balance disorders

Transpiration>water absorption. The plant loss water
and leaf curl ,

(2) Photosynthetic rate lowers .
Photosynthesis< respiration, starvation to death

Rubisco losses activity under low temperature, PSP
uncouples and free radicals breaks suddenly.



(3) Aerobic respiration decreases and
anaerobic respiration increases.

Cytaa, activity |, respiratory electron transport
and phosphorylation activities |. Ethanol
poison.

(4) Organic substance degrades,
proteaset, protein|, RNA, ATP |.



Control Pre-chilling stress temperatures

28/20°C 20M16°C 16M2°C 12/8°7C

XLZ13 mock inoculated |
with sterilized water

XLZ13 inoculated
with A, alternata

1 XLL33 mock inoculated
with sterilized water

Cern stfidava je druh vieckovytrusné houby;,
- zpusobuijici skvrny na listech nebo poSkozer
"W ALZ33 inoculated riznych organt u celé fady druhd rostlin

with A. alternata

Chilling stress--the key predisposing factor for causing Alternaria alternata infection and leading to cotton
(Gossypium hirsutum L.) leaf senescence.

Zhao J, Li S, Jiang T, Liu Z, Zhang W, Jian G, Qi F - PLoS ONE (2012)
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Physiological reaction of plant to low
temperature

(1) Water content, metabolism, growth
decrease .

Total water content|, bound watert,
free water and ratio (free water/bound
water) |

(2) Protective substances increase,

NADPH—-—reduces—S—S— to — SH,
ATP and sugarf, bound water?.



(3) Unsaturated fatty acid increase in
membrane,

Unsaturated fatty acid? and saturated one |.
(4) ABA?1, GA|, dormancy appears.

(5) Proteins-resistant to freezing
accumulations.

Freezing resistant protein —— Ice-Box——
The genes expression induced by freeze—
—freeze-resistant protein.



Methods to increase the resistance
to low temperature,

(1) The resistant cultivars.

(2) Low temperature hardening.
(3) Chemical control.

ABA ,CCC, PP;;, Amo-1618).
(4) Others.

PK application, keep warm with artificial
things.






Z1mni
poskozeni




Cold tolerance of several north temperate conifers
(sampled in Wolcott, VT on March 3, 1998)

Species Mean cold tolerance (°C)
Red spruce -38.1
White pine -59.5
Eastern hemlock -61.0
White spruce -90.0
Red pine -90.0

DeHayes et al. 2001




2003 — high winter injury year
Picea rubra




Mechanisms for acid-induced
freezing injury of red spruce

H* displacement
of membrane-associated Ca
(-20%, P<0.05)

Acid deposition (H*) [

Foliar Ca leaching Membrane destabilization
(2-8X increase, P<0.05) I (+20%, P<0.05)
& reduction in messenger Ca

Reduced cold tolerance Increased susceptibility
(-10%, P<0.05) L to freezing injury

DeHayes et al. 1999, Schaberg et al. 2000, Schaberg et al. 2001



Plant Freezing and Damage 419
-2.9°C

Pearce

-4.9°C

-3.2°C

F1G. 1. Infrared video thermography of holly leaves during freezing in a cooling controlled environment chamber (Atherton, Pearce and Fuller,
unpubl. res.). Methods were as described in Pearce and Fuller (2001). Freezing is exothermic and thus can be detected by detecting warming. An
infrared imaging camera was used to monitor exothermic events in the freezing leaves. The image displays temperature as false-colours, running
from ‘cold’ colours (pink and blue) to ‘warm’ colours (yellow and red). The scale to the right of each image shows the temperatures that
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RESPONSES TO CHILLING

Lipid composition of a plant’'s membranes
can help predict whether the plant will be
sensitive or resistant to chilling

The more unsaturated the membrane lipids are,
the more resistant the plant is to chilling

Supercooling — survive as low as —40°C

Limits ice crystal formation to extracellular
spaces

Antifreeze proteins

33



Damy a panove,
Dekuji Vam za
pozornost
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