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CLIMATE CHANGE 

GLOBAL  
T H R E A T 



C
LIM

ATE C
H

A
N

G
E 

D
isaster..... 

H
unger...... 

D
iseases..... 



C
lim

ate C
hange  

•
W

arm
ing is decreasing frost, snow

 and ice 
cover.  

•
Rain m

ay increase in som
e areas, particularly 

high latitudes, but decrease in others.  
•

M
ore frequent w

ildfires 
•

Longer periods of drought in som
e regions 

•
Floods in other regions 

•
Increase in the num

ber, duration and intensity 
of tropical storm

s 



T H E   G R E A T E S T  GLOBAL T H R E A T 

C
LIM

ATE C
H

A
N

G
E 



b 







C
lim

ate C
hange  

•
Increasing of global tem

perature: 
–

N
ow

 ca. 0.6°C greater than pre-industrially 
–

est. 2100: 1.4
0 C to 5.8

0 C greater 
–

4.2°C greater tow
ards the end of the 21st century 











C
lim

ate C
hange  

•
Increasing of CO

2  level in the atm
osfer 

–
CO

2  pre-industrial w
as ca. 280 µl l −1 

–
N

ow
 376 µl l −1  

–
Est. 21--: 700 µl l −1 







C
lim

ate C
hange  

•
Tropospheric (low

er-atm
osphere) 

concentrations of O
3  have increased by 20 –

50%
 (average, 38%

) since the pre-industrial 
era (D

enm
an et al., 2007) 

 





A
 globally coherent fingerprint of clim

ate 
change im

pacts across natural system
s 

Cam
ille Parm

esan* &
 G

ary Y
ohe (N

ature 421, 2003) 

•
M

eta analysis on diverse species: m
ore than 1,700 species 

•
Phenological (tim

ing) shifts, range boundary shifts, and 
com

m
unity studies on species abundances 

‘very high confidence conclusion’  

clim
ate change  

is already affecting living system
s 



C
LIM

A
T

E
 C

H
A

N
G

E
 

C
O

2 

&
   PH

OTO
SYN

TH
ESIS 

RESPIRATIO
N

 



PH
OTO

SYN
TH

ESIS 

H
ealth/ 

Sturdiness 

Prim
ary 

M
etabolism

 
Secondary 

M
etabolism

 

Reproduction 



Plant’s response to clim
ate 

change 

M
igration 

A
daption 

Extinct 



•
Species w

ith long life cycles and/or slow
 

dispersal are particularly vulnerable 

•
Isolated or disjunct species are particularly 
vulnerable, as they m

ay have 'now
here to go‘ 

Æ
 A

rctic and alpine species, and Island 
endem

ics 

Clim
ate change reduce                  

biodiversity of  m
edicinal plants 



•
Som

e plant com
m

unities or species 
associations m

ay be lost as species m
ove and 

adapt at different rates. 
•

M
any plant com

m
unities act as 'sinks' (store 

carbon), w
hich helps to offset carbon 

em
issions. H

ow
ever, over the next 70 years, 

the effects of clim
ate change on plants m

ean 
m

any terrestrial sinks m
ay becom

e sources 

Clim
ate change reduce                

biodiversity of  m
edicinal plants 



•
Increased invasions by alien species m

ay 
occur, as conditions becom

e m
ore suitable for 

exotic species w
hilst native species becom

e 
less w

ell suited to their environm
ent (for 

exam
ple, Brom

us is m
ore invasive in w

et 
years (Sm

ith et al, 2000)).  

Clim
ate change reduce                

biodiversity of  m
edicinal plants 



•
Elevated concentration of CO

2 altered the 
expression of three soybean diseases, nam

ely 
dow

ny m
ildew

 (Peronospora m
anshurica), 

brow
n spots (Septoria glycines) and sudden 

death syndrom
e (Fusarium

 virguliform
e)  

•
Increased resistance to pow

dery m
ildew

 
(Blum

eria gram
inis) in barley 

Clim
ate change affect  

the plant’s pests &
 diseases  



Clim
ate change affect  

the plant’s pests &
 diseases  

•
In N

orth A
m

erica, needle blight (D
othistrom

a 
septosporum

) is reported to be spreading 
northw

ards w
ith increasing tem

perature and 
precipitation 

•
H

igher threat of late blight (Phytophthora 
infestans) and sheath blight (Rhizoctonia 
solani) disease on potato 

•
H

igher risk of blast (Pyricularia oryzae) 
disease in rice 
   



  

Clim
ate change m

ay change              
plant genetic Æ

 as adaptive response 



A
ttunem

ent to clim
ate change 

•
Phenotypic plasticity: the capacity of a particular 
genotype to produce varied phenotypes in 
response to different environm

ents 

•
D

ispersal of seed &
 pollen: dispersal processes 

can create a shift in gene frequencies and 
introduce novel genotypes from

 different 
populations 

•
G

enetic change: creating novel genes by m
utation 

  



Clim
ate change influences                      

the shift in species distribution 



Clim
ate change altered                                      

the plant phenology  
 



Clim
ate change affects the production 

of secondary m
etabolites 



•
25%

 produk 
farm

asi dunia 
dihasilkan dari 
tum

buhan obat 

atropine 
Atropa belladonna 

codeine 
Papaver som

niferum
 

cocaine 
Erythroxylon coca 

ephedrine 
Ephedra sinica 

digoxin 
D

igitalis purpurea 
quinine 

C
inchona officinalis 

colchicine 
C

olchicum
 autum

nale 
scopolam

ine 
D

atura fastuosa 
reserpine 

Rauvolfia serpentina 
capsaicin 

C
apsicum

 frutescens 
salicylin 

Salix purpurea 
vincristine 

C
atharanthus roseus 

taxol 
Taxus brevifolia 

curcum
in 

C
urcum

a dom
estica 





Effect of CO
2  level                                    

on the production of                      
secondary m

etabolites 

•
Responses are species-specific &

 PSM
-

specific 
•

Responses could be physiologically &
short-

term
) or genetically &

 perm
anently 

  



Effect of O
3  level                                    

on the production of                      
secondary m

etabolites 

•
O

zone contributes to oxidative stress and 
proliferation of oxygen radicals Æ

 leads to the 
up-regulation of genes and enzym

es associated 
w

ith the shikim
ate-phenylpropanoid pathw

ay 
  









Plant response to clim
ate change varies w

ith 
topography, interactions w

ith neighbors,              
and ecotype 

Pierre Liancourt et al, U
niv. Pennsylvania 

esa Ecology 94(2), 2013 

•
Festuca lenensis 

•
Three-years experim

ent set in the M
ongolian steppe 

•
M

anipulated tem
perature and w

ater 
•

Controlling for topographic variation, plant–plant 
interactions, and ecotypic differentiation 
 



Plant response to clim
ate change varies w

ith 
topography, interactions w

ith neighbors,                  
and ecotype 

−
Plant survival and grow

th responses to a w
arm

er, drier 
clim

ate varied w
ithin the landscape.  

−
Response to sim

ulated increased precipitation occurred 
only in the absence of neighbors, dem

onstrating that 
plant–plant interactions can supersede the effects of 
clim

ate change.  
−

Response of this species to increased precipitation w
as 

ecotype specific, w
ith w

ater addition benefiting only the 
least stress-tolerant ecotype from

 the low
er slope origin  



Plant response to clim
ate change varies w

ith 
topography, interactions w

ith neighbors,                 
and ecotype 

−
F. lenensis also show

ed evidence of local adaptation in 
populations that w

ere only 300 m
 apart: 

-
Individuals from

 the steep and dry upper slope 
show

ed a higher stress/drought tolerance, w
hereas  

-
Individuals from

 the m
ore productive low

er slope 
show

ed a higher biom
ass production and a greater 

ability to cope w
ith com

petition.  



Conclusions 
•

Clim
ate change threats m

edicinal plants in 
various aspects: 

–
Extinction Æ

 Biodiversity reduction  

–
H

ealth &
 Sturdiness  

−Pests and diseases 
−Physiological conditions 

–
Reduction in production of secondary 
m

etabolites 

–
G

enetic m
odification 

•
aaa 



Recom
m

endations 

•
Seed conservation Æ

 Seed Bank 
•

D
eveloping plants that accom

m
odate/tolerate 

clim
ate change Æ

 genetic engineering 
(e.g.analyzing genom

e of heat and drought 
resistant) 

•
Tissue culture techniques for producing 
secondary m

etabolites Æ
 biotransform

ation 
technology 



Recom
m

endations 

•
Study the potential and real threats of clim

ate 
change on m

edicinal plants 



Thank You 
Terim

akasih 
ersinaga2003@

yahoo.com
.sg; w

arekppm
@

unas.ac.id 
 


