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Stresses	
  arise	
  from	
  an	
  excess	
  or	
  deficit	
  in	
  the	
  physical	
  or	
  chemical	
  environment.	
  It	
  
triggers	
  a	
  wide	
  range	
  of	
  responses	
  in	
  plant,	
  such	
  as	
  alters	
  gene	
  expression,	
  cellular	
  
metabolism	
  and	
  morphological	
  adapta?on.	
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Here	
  I	
  have	
  two	
  magic	
  words	
  that	
  we	
  have	
  to	
  dis?nguish	
  and	
  remember:	
  Acclima?on	
  
and	
  Adapta?on.	
  
	
  

Acclima?on	
  means	
  an	
  increase	
  in	
  the	
  stress	
  tolerance	
  of	
  a	
  plant	
  as	
  a	
  result	
  of	
  
exposure	
  to	
  prior	
  stress.	
  It’s	
  non-­‐heritable.	
  	
  
Adapta?on	
  is	
  gene?cally	
  determined	
  resistance	
  acquired	
  over	
  genera?ons	
  by	
  
selec?on.	
  In	
  contrast	
  with	
  acclima?on,	
  it’s	
  heritable.	
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The	
  first	
  kind	
  of	
  abio?c	
  stress	
  I	
  want	
  to	
  talk	
  are	
  chilling	
  and	
  freezing.	
  	
  
Under	
  this	
  kind	
  of	
  abio?c	
  stress,	
  plant	
  may	
  experience	
  these	
  two	
  condi?ons:	
  chilling	
  
injury	
  and	
  freezing	
  injury.	
  
	
  

Chilling	
  injury:	
  occurs	
  when	
  the	
  temperatures	
  are	
  too	
  low	
  for	
  normal	
  growth,	
  but	
  s?ll	
  
above	
  freezing	
  temperature.	
  The	
  symptoms	
  are:	
  growth	
  is	
  slowed,	
  discolora?on	
  or	
  
lesions	
  appear	
  in	
  the	
  leaves,	
  foliage	
  looks	
  soggy,	
  and	
  the	
  roots	
  may	
  wilt.	
  
Freezing	
  injury	
  occurs	
  when	
  temperatures	
  are	
  below	
  the	
  freezing	
  point	
  of	
  water.	
  

	
  

5	
  



This	
  diagram	
  shows	
  the	
  survival	
  at	
  low	
  temperature	
  of	
  seedlings	
  of	
  different	
  
popula?ons	
  of	
  tomato	
  collected	
  from	
  different	
  al?tudes	
  in	
  South	
  America.	
  Seed	
  was	
  
collected	
  from	
  wild	
  tomato	
  and	
  grown	
  in	
  the	
  same	
  greenhouse	
  at	
  18-­‐25	
  degree	
  C.	
  All	
  
seedlings	
  were	
  then	
  chilled	
  for	
  7	
  days	
  at	
  0	
  C	
  and	
  then	
  kept	
  for	
  7	
  d	
  in	
  a	
  warm	
  growth	
  
room,	
  aTer	
  which	
  in	
  the	
  number	
  of	
  survivors	
  was	
  counted.	
  Seedlings	
  from	
  some	
  of	
  
the	
  seed	
  collected	
  from	
  high	
  al?tudes	
  show	
  greater	
  resistance	
  to	
  chilling	
  than	
  those	
  
collected	
  from	
  lower	
  al?tudes.	
  
	
  

From	
  this	
  experiment,	
  it	
  can	
  be	
  concluded	
  that	
  gene?cs	
  adapta?on	
  to	
  the	
  colder	
  
temperatures	
  associated	
  with	
  high	
  al?tude	
  can	
  improve	
  chilling	
  resistance.	
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This	
  table	
  shows	
  us	
  the	
  comparison	
  of	
  faVy	
  acid	
  composi?on	
  among	
  plants.	
  
Membrane	
  lipids	
  of	
  chilling-­‐resistant	
  plants	
  oTen	
  have	
  a	
  greater	
  propor?on	
  of	
  
unsaturated	
  faVy	
  acids	
  than	
  those	
  of	
  chilling-­‐sensi?ve	
  plants.	
  Greater	
  propor?on	
  of	
  
unsaturated	
  faVy	
  acids	
  helps	
  plant	
  to	
  lower	
  the	
  temperature	
  at	
  which	
  membrane	
  
lipid	
  begin	
  to	
  crystallize	
  and	
  allows	
  membranes	
  to	
  remain	
  fluid	
  at	
  lower	
  temperature.	
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Freezing	
  injury	
  is	
  highly	
  related	
  with	
  ice	
  crystal	
  forma?on.	
  There	
  are	
  two	
  types	
  of	
  ice	
  
crystal	
  forma?on:	
  intercellular	
  and	
  intracellular.	
  
Intercellular	
  ice	
  forma/on	
  is	
  caused	
  by	
  slow	
  cooling	
  and	
  extended	
  freezing.	
  The	
  size	
  
of	
  ice	
  crystal	
  is	
  usually	
  forms	
  first	
  in	
  xylem.	
  This	
  is	
  not	
  lethal	
  to	
  hardy	
  plants.	
  
However,	
  if	
  ?ssue	
  exposed	
  to	
  extended	
  freezing	
  temperature,	
  the	
  growth	
  of	
  ice	
  
crystal	
  results	
  in	
  the	
  movement	
  of	
  water	
  from	
  the	
  protoplast	
  and	
  causes	
  excessive	
  
dehydra?on.	
  

	
  
Intracellular	
  ice	
  forma/on:	
  occurs	
  under	
  rapid	
  cooling.	
  Begin	
  with	
  a	
  process	
  called	
  
ice	
  nuclea?on	
  in	
  which	
  water	
  molecules	
  in	
  the	
  protoplast	
  start	
  to	
  form	
  stable	
  ice	
  
crystals.	
  Some	
  large	
  polysaccharide	
  and	
  proteins	
  facilitate	
  ice	
  crystal	
  forma?on	
  and	
  
are	
  called	
  ice	
  nucleators.	
  This	
  process	
  can	
  lead	
  to	
  extensive	
  damage	
  to	
  the	
  cell.	
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Some	
  plants	
  are	
  tolerant	
  to	
  low	
  temperature.	
  Some	
  of	
  them	
  have	
  these	
  cold-­‐induced	
  
proteins	
  in	
  their	
  cells.	
  E.g.	
  winter	
  wheat.	
  
This	
  picture	
  (leT)	
  shows	
  how	
  an?freeze	
  protein	
  prevents	
  ice	
  nuclea?on.	
  An?freeze	
  
protein	
  adsorbed	
  on	
  ice	
  surface,	
  cover	
  it	
  and	
  inhibits	
  the	
  growth	
  of	
  ice	
  nuclea?on.	
  
Moreover,	
  sugars	
  and	
  some	
  of	
  the	
  cold-­‐induced	
  proteins	
  are	
  suspected	
  to	
  have	
  
cryoprotec?ve	
  effects.	
  They	
  stabilize	
  membranes	
  and	
  proteins	
  during	
  dehydra?on	
  
induced	
  by	
  low	
  temperatures.	
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Now	
  I’m	
  talking	
  about	
  rela?onship	
  between	
  cold	
  stress,	
  ABA,	
  and	
  protein	
  synthesis.	
  	
  
Acclima?on	
  to	
  freezing	
  involves	
  ABA	
  and	
  protein	
  synthesis.	
  An	
  it	
  appears	
  that	
  ABA	
  
have	
  a	
  role	
  in	
  inducing	
  freezing	
  tolerance.	
  
Cold	
  stress	
  reduces	
  water	
  ac?vity	
  and	
  leads	
  to	
  osmo?c	
  stress	
  within	
  the	
  cells.	
  This	
  
leads	
  to	
  the	
  ac?va?on	
  of	
  osmo?c	
  stress-­‐related	
  signaling	
  pathways.	
  
And	
  last,	
  under	
  cold	
  stress	
  condi?on,	
  cold-­‐specific,	
  non-­‐osmo?c	
  stress-­‐related	
  genes	
  
are	
  also	
  ac?vated.	
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Salinity	
  stress	
  occurs	
  when	
  irriga?on	
  water	
  contains	
  a	
  high	
  concentra?on	
  of	
  solutes	
  
and	
  where	
  there	
  is	
  no	
  opportunity	
  to	
  flush	
  out	
  accumulated	
  salts	
  to	
  drainage	
  system,	
  
salts	
  can	
  quickly	
  reach	
  levels	
  that	
  are	
  injurous	
  to	
  salt-­‐sensi?ve	
  species,	
  especially	
  
crops.	
  
	
  

Again,	
  there	
  are	
  two	
  words	
  to	
  remember:	
  sodicity,	
  which	
  means	
  high	
  concentra?on	
  
of	
  sodium	
  ion,	
  and	
  salinity,	
  means	
  high	
  concentra?on	
  of	
  total	
  salts.	
  
	
  

This	
  table	
  shows	
  proper?es	
  of	
  seawater	
  and	
  of	
  good	
  quality	
  of	
  irriga?on	
  water.	
  If	
  
concentra?on	
  of	
  ions	
  in	
  irriga?on	
  water	
  exceed	
  its	
  normal	
  concentra?on,	
  the	
  plants	
  
may	
  suffer	
  from	
  salinity	
  stress.	
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This	
  diagram	
  shows	
  four	
  groups	
  of	
  plant	
  based	
  on	
  their	
  ability	
  to	
  tolerate	
  	
  
Group	
  IA	
  and	
  IB	
  consist	
  of	
  halophytes	
  which	
  are	
  na?ve	
  to	
  saline	
  soils	
  and	
  complete	
  
their	
  life	
  cycles	
  in	
  that	
  environment.	
  
Group	
  II	
  consists	
  of	
  both	
  halophytes	
  and	
  nonhalophytes.	
  All	
  are	
  inhibited	
  by	
  high	
  
concentra?on	
  of	
  salt.	
  The	
  example	
  of	
  intermediate	
  in	
  this	
  group	
  is	
  tomato.	
  Whereas	
  
bean	
  and	
  soybean	
  are	
  categorized	
  as	
  sensi?ve.	
  

Very	
  salt-­‐sensi?ve	
  nonhalophytes	
  plants	
  are	
  categorized	
  in	
  group	
  III.	
  They	
  are	
  
severely	
  inhibited	
  or	
  killed	
  by	
  low	
  salt	
  concentra?ons.	
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Water	
  moves	
  from	
  higher	
  poten?al	
  to	
  lower	
  poten?al.	
  Salinity	
  stress	
  reduces	
  water	
  
poten?al,	
  so	
  plants	
  have	
  to	
  lowered	
  its	
  water	
  poten?al	
  by	
  taking	
  more	
  ions.	
  This	
  
affects	
  general	
  water	
  balance.	
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The	
  second	
  effect	
  is	
  ion	
  toxicity.	
  Greater	
  uptake	
  of	
  ions	
  leads	
  to	
  high	
  concentra?on	
  of	
  
Na+,	
  which	
  disturbs	
  ion	
  homeostasis.	
  It	
  is	
  not	
  only	
  injures	
  plants	
  but	
  also	
  degrades	
  
the	
  soil	
  structure,	
  decreasing	
  porosity	
  and	
  permeability.	
  Moreover,	
  accumulated	
  Na+	
  
and/or	
  Cl-­‐	
  in	
  chloroplast	
  inhibit	
  photosynthesis.	
  
	
  

There	
  are	
  also	
  some	
  secondary	
  effects	
  caused	
  by	
  salinity	
  stress,	
  such	
  as	
  disrup?on	
  of	
  
membrane	
  integrity	
  and	
  metabolism,	
  and	
  produc?on	
  of	
  reac?ve	
  oxygen	
  species	
  
which	
  might	
  harm	
  the	
  plant.	
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Plants	
  responses	
  under	
  salt	
  stress	
  are	
  similar	
  to	
  those	
  of	
  plants	
  under	
  water	
  deficit.	
  
To	
  reduce	
  salt	
  stress,	
  plants	
  use	
  mul?ple	
  strategies	
  such	
  as:	
  reducing	
  salt	
  exposure	
  of	
  
meristems	
  and	
  leaves	
  that	
  are	
  ac?vely	
  growing	
  and	
  photosynthesizing	
  and	
  restricts	
  
salt	
  movement	
  with	
  casparian	
  strip.	
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Some	
  halophytes	
  also	
  have	
  salt	
  glands.	
  This	
  is	
  the	
  picture	
  of	
  salt	
  glands	
  in	
  mangrove	
  
leaf.	
  
Some	
  others	
  do	
  osmo?c	
  adjustment	
  with	
  compa?ble	
  solutes,	
  some	
  reduce	
  leaf	
  area	
  
and	
  or	
  drop	
  leaves	
  via	
  leaf	
  abscission.	
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Plants	
  adapt	
  to	
  toxic	
  trace	
  elements	
  by	
  two	
  strategies:	
  exclusion-­‐by	
  maintaining	
  toxic	
  
elements	
  concentra?on	
  below	
  its	
  threshold	
  value,	
  and	
  internal	
  tolerance-­‐by	
  allowing	
  
the	
  plant	
  to	
  tolerate	
  elevated	
  concentra?on	
  of	
  those	
  elements.	
  The	
  extreme	
  strategy	
  
of	
  internal	
  tolerance	
  is	
  hyperaccumula?on.	
  
Toxic	
  elements	
  include	
  As,	
  Cd,	
  Cu,	
  Ni,	
  Ze,	
  and	
  Se.	
  

Example	
  of	
  hyperaccumula?on:	
  

Pis?a	
  stra?otes	
  (right):	
  Hyperaccumulator	
  for	
  Cadmium.	
  
Barley	
  (Hordium	
  vulgare,	
  leT):	
  hyperaccumulator	
  for	
  Aluminum.	
  1000	
  mg/kg	
  dry	
  
weight	
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Oxygen	
  deficiency	
  is	
  typical	
  of	
  flooded	
  or	
  waterlogged	
  soils.	
  Water	
  fills	
  the	
  pores	
  and	
  
blocks	
  the	
  diffusion	
  of	
  O2	
  in	
  the	
  gaseous	
  phase.	
  	
  
Plants	
  are	
  divided	
  into	
  two	
  types	
  based	
  on	
  its	
  tolerance	
  to	
  flood:	
  flooding-­‐sensi?ve	
  
plants	
  (which	
  are	
  severely	
  damaged	
  by	
  24	
  hours	
  of	
  anoxia,	
  such	
  as	
  maize	
  and	
  garden	
  
pea)	
  and	
  flooding-­‐tolerant	
  plants	
  (which	
  can	
  withstand	
  anoxia	
  temporarily	
  but	
  not	
  
for	
  period	
  more	
  than	
  few	
  days).	
  
Picture	
  of	
  flooded	
  maize	
  field	
  in	
  Aceh.	
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Roots	
  are	
  damaged	
  in	
  anoxic	
  environments.	
  In	
  the	
  absence	
  of	
  O2:	
  TCA	
  cycle	
  cannot	
  
operate:	
  ATP	
  is	
  produced	
  by	
  lactate	
  fermenta?onànet	
  yield	
  of	
  fermenta?on	
  is	
  only	
  2	
  
ATPsàinsufficient	
  to	
  drive	
  essen?al	
  metabolic	
  processes.	
  	
  

This	
  causes	
  injury	
  to	
  root.	
  
	
  

Anoxic/hypoxic	
  roots	
  lack	
  energy	
  to	
  support	
  physiological	
  processes	
  on	
  which	
  the	
  
shoots	
  depend.	
  Thus,	
  damaged	
  anoxic	
  roots	
  can	
  injure	
  shoots.	
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Submerged	
  organs	
  wetland	
  vegeta?on	
  is	
  well	
  adapted	
  to	
  grow	
  for	
  extended	
  periods	
  
in	
  water-­‐saturated	
  soil.	
  They	
  show	
  no	
  stress.	
  	
  
	
  

Water	
  lily	
  (right):	
  submergence	
  traps	
  ethyleneàs?mulates	
  elonga?on	
  of	
  the	
  pe?ole.	
  

	
  
Some	
  plants	
  like	
  maize	
  have	
  a	
  prominent,	
  gas-­‐filled	
  spaces	
  that	
  form	
  a	
  ?ssue	
  called	
  
aerenchymaàdevelop	
  independently	
  of	
  enviromental	
  s?muli.	
  However,	
  in	
  a	
  few	
  
nonwetland	
  plants	
  (including	
  monocots	
  and	
  dicots),	
  oxygen	
  deficiency	
  induces	
  the	
  
forma?on	
  of	
  aerenchyma	
  in	
  the	
  stem	
  base	
  and	
  newly	
  developing	
  roots.	
  	
  
In	
  the	
  picture:	
  A	
  (under	
  oxygenated	
  condi?on),	
  B	
  (under	
  deoxygenated	
  condi?on)	
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