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The adaptation mechanisms of
salt tolerance in higher plants
----using ice plant as a model

Dr. Hungchen Emilie Yen

Dept of Life Sciences,

National Chung Hsing University
Taichung, Taiwan

Definition
Stress: external conditions that adversely affect growth,
development, or productivity

Abiotic stress (environmental stress): excess or deficit
in the physical or chemical environment

Effects of salinity on plant growth:

1.Osmotic effect: similar to that of water-deficit
stress; cross resistance

2. lonic effect: Na*-specific effect
necrosis of old leaves

reduction of growth and yield

Compatible solutes

small organic compounds, highly soluble, accumulate at
high conc, not interfere with cellular metabolism

i R e

Mechanisms of salinity tolerance in higher plants

Cellular salinity tolerance

\Whnla_nlant ealinits talaranca

wild-type Arabidopsis i

overexpression gene for
vacuolar Na*/H* antiportes

Avicennia marina
salt secretion via salt glands

T ERREANYET TR,

(1919-1927)
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Strategies for plant survival under stress
|

A —
e "
determined to live and reproduce in a given set of
i

Why is Na* toxic?

Compete with K*

Disrupt protein structure

0
lower water potential in |
the cell s b

Cellular mechanism of salt tolerance

.
ROS- gar K*-iransporter

K* ; WK+ channol
T e Rataina

Whole plant adaptations to salinity

1.Limit Na* entry to the root =

2.Regulate Na* transport to the shoot

3. Control of xylem loading and retrie
recirculation in the phloem

4.Na* allocation to old leaves or pith

cells <

5.Specialized Na* storage tissues-(saltz=s="7
glands, bladder cells) :

6. Limited transpiration

Atriplex halimus

Mozafar and Gaodi (1970)
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(1928~1943)
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Salinity (high conc. of total salt in the soil)
Seashore, dry land salinity

Irrigated land salinity

The effects of salinity:
Injure plants; growth inhibition

Degrade soil structure (decrease porosity and
water permeability)

hydration shell

(ordered H,O molecules)

- 0.‘.

Classification according to the response to salinity
Halophyte
Non-halophyte (Glycophyte)

ey i LA abophyiesl
G 8 Pudopiy sl
e B haopyae
b,
e G
N ey alt-sermithin
\ st
\\
\-\ saltbush .
",_seablite

sugar beet

" (s i e enterral medbum

20 AUGUST 1999 VOL 285 SCIENCE
Salt Tolerance Conferred by

Overexpression of a Vacuol
Na*/H* Antiport in Arabidopsis

o e
"
b
Na* 42—
Na® -——
Fricem
1 Kylem
= .
e
o
- o
= Na*
o
Fpadermis and cortes, Endodermis Stele Bypans flow

18
Tester and Davenport, 2003

Mesembryanthemum crystallinum (ice plant)
Epidermal Bladder Cells (EBCs)

Haborlandt (1904)
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PEPCase

Carbohydrate content mol mg Chitht
"
&

Rapid adjustment of water and ionic balance

Mesembryanthemum crystallinum L. life cycle of ice plant

(common ice plant)

Aizoaceae Family, an annual dicot
found in the regions with 3 © & {44 ix
Halophyte, can grow in sea water

Inducible CAM plant, an adaptation to
drought

Relative Water Content

5-wk-old juvenile plant

Na* Content

Yang and Yen, 202
CAM induction within a week
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200 MM NaCl

Salt tolerant mechanisms of ice plant

CAM Induction

N s
835 8
s 8 8
g

o

« An immediate response once encounter

high salinity to maintain ion homeostasis
conrol « CAM is induced for long-term water
conservation

200 MM NaCl « Overall morphological changes for water

————————— storage and Na* compartmentation

Days after salt-stressed

NN W
S & S

Yen etal., 2001 25

A S PR RN A ARER ZEIE - SURERS pot WA AAN)
The halophyte Mesembryanthemum crytallinum L. (ice plant) is marked by giant epidermal
bladder cells (EBCs) for ion and water storage. The differentiation of pavement cells into
EBCs occurs at an early developmental stage and the presence of both NR-stained (acidic)
and NR-unstained (neutral) EBCs are found at the juvenile stage of leaves. We previously
identified a salt-induced SKD1 (suppressor of K" transport growth defect 1)/VPS4 (vacuolar
protein sorting 4) that accumulates in EBCs and cells actively engaged in the secretory
processes. Knock-down SKD/ Arabidopsis mutants have a reduced abundance of lateral
roots and an imbalanced Na'/K" ratio under salt stress. The localization of SKD1 protein
changes from the cytoplasm towards the plasma membrane six hours after salt stress in ice
plant seedlings. The rapid redistribution of SKD1 is believed to be mediated by the
post-translational modifications events. We discuss the potential effects of ubiquitination
and phosphorylation on SKD1, such as changes in the ATPase activity and cellular
localization, and how they relate to the functions of SKD1 in the maintenance of Na'/K*

homeostasis under salt stress.
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