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Physiology – Stress tolerance of plantsStress tolerance of plants

Stress : first definition by Hans Selye, 1936 
Environmental factor with disadvantegous influence 
on the individual

Stress factors with impacts on plants:

- biotic (weeds, pathogenes, insects)
- abiotic (water, light, salt, heat,

chilling, freezing etc.)



Physiology – Stress tolerance of plantsStress tolerance of plants

Stress tolerance : - acclimation (physiological)
- adaptation (genetically inherited)
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Improved freezing tolerance of Arabidopsis by acclimation
(Szira F, personal communication) 



Improved drought tolerance of Arabidopsis by acclimation

Physiology – Stress tolerance of plantsStress tolerance of plants

Kosma et al. Plant Physiology, (2009) Vol. 151, pp.1918–1929



Adaptation to arid environment
(e.g. CAM, C4, C3/C4 photosynthesis, reduced leaf area, etc.)
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Physiology – Water stresstress

Causes of yield loss(USA):

drought       flood        frost        hail          wind      insects      deseases
34%           21%         15%        12%         7%           6%            3%

Taiz & Zeiger,
Plant Physiology 2002



Physiology – Consequences of droughtConsequences of drought

Taiz & Zeiger,
Plant Physiology 2002



Physiology – Drought tolerance strategiesolerance strategies

Plants’ strategies against drought stress:

- escape
- desiccation postponement (high Y)

water savers
water spenders

- desiccation tolerance (low Y)
osmotic adjustment
other molecular defences



Escape : Contrasting development of two different sorghum cultivars under 
drought stress, with and without early flowering

Physiology – Escape from drought



Physiology – Desiccation postponement

Strategies:
- leaf shedding
- leaf rolling
- leaf tilting
- „drought tolerant” morphology
- decreasing water permeance of the cuticle

Desiccation postponer plants save water
by minimizing transpiration



Leaf shedding of young cotton plants in response to
moderate (+) and severe (++) dehydration

(+)                (++)

Taiz & Zeiger, Plant Physiology 2002
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Leaf rolling of young maize plants in response to
drought can restrict transpiration
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Structure of the cuticle layer on a cactus leaf
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I. Thickening of the leaf cuticle of Arabidopsis in response to drought (B) 
and NaCl treatment (D) compared to controls (A, C)

II. Water loss rates of isolated leaves decrease after water deprivation

I. II.

Kosma et al. Plant Physiology, (2009) Vol. 151, pp.1918–1929
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Physiology – Desiccation postponement

cbp20 is a drought tolerant Arabidopsis mutant with pleiotropic traits
(physiological and morphological changes)

wild type    cbp20

- slower development
- serrated leaf margins
- compact stature
- decreased transpiration rate 

Papp et al. (2004) 
Plant Mol Biol 55, pp.679-686



Physiology – Desiccation postponement

Wild type (wt) and cbp20 mutant Arabidopsis plants
having subjected to a period of drought 

Bacsó et al. Plant Science, (2008) Vol. 174, pp.200–204

wt cbp20



Physiology – Desiccation postponement

wild type cbp20

A B

Cuticular thickness and trichome number are increased in the cbp20 mutant
that also shows abnormal stomatal patterning

Jäger et al (2010) accepted in Plant Biol (Stutt.)



Saladié M. et.al. (2007) 
Plant Physiol. 144, pp.1012-1028
Copyright © 2007. American Society 
of Plant Biologists. 

dfd wt
tomato fruits after 4 months of storage

Lytovchenko et al. (2009) 
Plant Methods 2009, 5:4 

The effect of cuticle on water loss rate
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Which part of the cuticle is responsible for water retention?

Richardson et al. Planta (2007) 225:1471–1481
© Springer-Verlag 2006
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Physiology – Desiccation postponement

Increased cuticular thickness may lead to reduced t ranspiration

wild type +WXP1 alfalfa 

after 3 cycles of drought 
and rewatering Copyright 2005 Blackwell Publishing Ltd

The effect of the WXP1 putative 
Medicago truncatula TF on drought
tolerance of alfalfa

Zhang et al. (2005) The Plant Journal 
Vol.42(5) pp.689-707



Desiccation postponers may seek and spend more water

Creosote bush (Larrea tridentata)
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Desiccation tolerant plants survive at low water po tentials

Physiology – Desiccation tolerance

Craterostigma plantagineum
hydrated (top);
dried (middle);
rehydrated (bottom)

Bohnert  HJ, (2000) Genome Biol. 1(2):REVIEWS1010



Defences against cellular osmotic stress:

- osmotic adjustment
ion uptake and compartmentation – vacuole
compatible osmolytes - cytosol

- changes in membrane lipid composition and water permeability
- other molecular defenses 

LEA proteins, dehydrins, chaperones, 
detoxifying enzymes etc.
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Comparison of carbon gain 
in two crop plants with and 
without osmotic adjustment

Taiz & Zeiger, Plant Physiology 2002
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Protective compounds in response to water stress:

- prolin
- trehalose, surose, sorbitol, myo-inositol, mannitol
- polyamins (eg. spermidin)
- glycine-betaine, choline-O-sulfate, proline-betaine etc.
„zwitterions”
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Courtesy of
Bánfalvi Zs et al.
Agricultural Biotech Center
Gödöll� , Hungary
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Yield results of CspB transgenic 
maize lines from Midwest 
evaluations under water-
deficit conditions

Castiglioni et.al.(2008) Plant Physiol. 147:446-455

Copyright © 2008. American Society of Plant Biologists. All rights reserved. 
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The role of ABA is exemplified by the notabilistomato mutant

Genetics – Regulatory networksRegulatory networks

Regulation of drought stress tolerance involves abs cisic acid (ABA)



Genetics – Regulatory networksRegulatory networks

Biosynthesis of abscisic acid (ABA) is induced by osmotic stress

Other mechanisms are also 
involved in ABA regulation, such as
ABA distribution among plant 
tissues and cellular compartments

Xiong and Zhu, (2003) Plant Physiology, 133 pp.29-36



Genetics – Regulatory networksRegulatory networks

ABA triggers stomatal closing through Ca++

Schroeder et al (2001) Nature, 410 pp.327-330



Genetics – Regulatory networksRegulatory networks

ost and abi mutants show imperfect stomatal
closure, thus remain cooler due to the heat
dissipation effect of increased transpiration

Mustlli et al. Plant Cell. (2002) 14(12): 3089–3099

wt

ost

© 2002, American Society of Plant Biologists



Umezawa T et al. PNAS 2009;106:17588-17593

©2009 by National Academy of Sciences

The proposed first steps in the ABA signaling cascad e.
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Genetics – Regulatory networksRegulatory networks

Drought stress responses are induced via ABA depend ent and 
ABA independent signalling pathways



Increased abiotic stress tolerance of 35S:AtMYB44 p lants

Jung C. et.al. (2008) Plant Physiol. 146, pp.623-635

Copyright © 2008. American Society of Plant Biologists. All rights reserved. 

Genetics – Regulatory networksRegulatory networks

drought tolerance

salt tolerance



© 2008 Blackwell Publishing Ltd and the Society 
for Experimental Biology

Prieto-Dapena et al. (2008)
The Plant Journal Vol. 54(6) pp.1004-1014

The ectopic overexpression 
of a seed-specific transcription
factor, HaHSFA9, confers 
tolerance to severe dehydration 
in vegetative organs
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Genetics – Regulatory networksRegulatory networks

Functional characterization of abiotic stress respo nsive 
transcription factors of wheat

A cluster of CBF genes has 
been mapped to a major frost 
tolerance locus in 
Triticum monococcum

Miller et al (2006) 
MGG 275, 193-203

One of these CBF genes has an impact 
on drought tolerance when expressed 
in Arabidopsis.
Other CBF genes of the same cluster 
influence frost tolerance. (Vágújfalvi,
personal communication)

+ CBF gene wild type



Genetics – Regulatory networksRegulatory networks

Tomato plants ectopically 
expressing Arabidopsis CBF1
show enhanced resistance 
to water deficit tress

Hsieh et al. (2002) Plant Physiology, 
Vol. 130, pp. 618–626, 
© 2002 American Society of Plant Biologists



Genetics – Regulatory networksRegulatory networks

wt era-1

The era-1 ABA signaling Arabidopsis mutant shows elevated drought 
tolerance after 1 week of water deprivation

Posttranscriptional regulation in drought stress si gnaling



Genetics – Regulatory networksRegulatory networks

wild type
canola

era-1 silenced
canola
(stress-inducible)

Conditional gene silencing of the ERA1 gene in canola, 
that codes for a farnesyl transferase subunit.

Wang et al. (2005) The Plant Journal 43, pp.413-424



Genetics – Regulatory networksRegulatory networks

wt cbp20

Papp et al. (2004) 
Plant Mol Biol 55, pp.679-686

Disturbed posttranscriptional regulation 
through the nuclear cap binding 
complex (nCBC) is responsible for the
drought tolerant phenotype of the cap
binding protein (cbp) mutants.
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cbp20 was isolated 
as a loss of function 
T-DNA mutant of the 
CBP20 gene

Site of action of nCBC
in mRNA processing

Fedoroff (2002) 
Curr Opinion in Plant Biol
5, pp.452-459

T-DNS

CBP20



Laubinger S et al. PNAS 2008;105:8795-8800
©2008 by National Academy of Sciences

aberrant pre-mRNA splicing

Genetics – Regulatory networksRegulatory networks

defective pri-miRNAs processing

in the nCBC mutants and serrate



Laubinger S et al. PNAS 2008;105:8795-8800
©2008 by National Academy of Sciences

The function of nCBC complex is proper
processing of pri-miRNAs and splicing
of a specific set of pre-mRNAs.
This represents a new example of stress 
dependent posttranscriptional gene regulation 
in plants.

Genetics – Regulatory networksRegulatory networks



Genetics – Regulatory networksRegulatory networks

miRNA families responsive 
to salt or drought stress 
in plants

Covarrubias and Reyes (2010)
Plant, Cell and Environment, 
Vol 33, pp.481–489

© 2009 Blackwell Publishing Ltd,



Thank you for your attention!


