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Drought Stress
. Leafrolling, shriveling, or " Reduces leaf area for  —
wilting , | atmosphere

' 4

W Loss of turgor Contraction of cell structure —

¥

> Stomatal closure Decreased in CO, intake ~ —|

v

-> Hormonal imbalance Confusion of metabolism =

Ultrastructural changes of Low efficiency in light
chloroplast , harvesting

v

—  Decrease in volume of chloroplast

— Aggregation of stroma

| Structural change of chlorophyll-
protein complex
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DROUGHT STRESS

Physiological Responses

¢ Recognition of root
signals

o Loss of turgar and
osmotic adjustment

¢ Reduced leaf water
potential ()

s Decrease in stomatal
conductance (o COy

« Reduced internal
CQ, concentration

s Decline in net
photosynthesis

s Reduced growth

rates

Biochemical Responses

Transient decrease in
photochemical efficiency

Decreased efficiency of
Rubisco

Accumulation of

stress matabolites like
MDHA, Glutathione,
Pro, Glybet, Polyamines,

and ec-tocopheral

Increase in antioxidative
enzymes like, SOD, CAT,
APX, POD, GR and
MDHAR

Eeduced ROS accumulstion

Molecnlar Responses

& Siress responsive gene
EXpression

o Increased expression in
ABA biosynthetic genes

» Expression of ABA

responsive geney

» Synthesis of specific
proteins like LEA, DSP,
RAB, dehydrins

* Lirought stress tolerance

rilaal) dgalsal WIAT) 433 (3 kl

M@)L»w cm}\} ,\.g.ﬁ:i.c}: ..\..3..\;.:}:\:\5}&\ e\,ya.“ UAISAM\)A} MJ@M.JJ;“ lalal) duﬂ.w\g_\;.wl
Cllase Cilalaey saaaiad)l Akl il e o Sl (e (oand G dal gl Glaliall a0
A aing )mﬂ\ dgm\;.o CLLIY OSLay) &um} :LLJ..\.J\ aalally o\_ml\u;.’

() Al Ay JAk (5 s Ao 54 s e yal) 51 el y Ciliall dlaate A0l Gilual de) )5 -2

() o) A8 ladl | uad



ol daal 3 Sl algaY) -

& WS Al & gl GlS jall Gaany 2 (ke (Gliall g 3 ) all g i ) Al dleal) ldial -3
Gl Gl e IS adle Gl Cua a3l 2 Y L gl ) Jie T liall Al bl laey
Jia alall il (S e Y Alaaiusall 4l 5 a1 ol il Astial) Lpdall 4laidld) Alilall il 5 | juad)
48l ) (A sl Adle) Aol )30 alla sl ol YT Ae) ) | (sl il g il o) (a0 Sl s
SNy V) Al el 8 Cnall anse (A s 50 3l L slat Al g Ay giadl cilladlal) b
) (e dpdall LS Gal ZUY eliall gl Jumisly 800N Jualadd] daiie jall ol Y]

.GJ\A'J\ 8% Lﬁd\),ﬁu\ o eliziui g
(U0 @M sl g 1) (o, (B Aaal) 3okl gLl g (5l Ol g8 cplasi -4

) ol oy 1385 5l Bhos dsm (MUICh) il olge A il sl A ) Aot ) Jlaxial (S 5

1Y) L) (S s (iliad)) Alal) dgal) oo Ay e

(o=l Lo 1 S &5 (2 30 X 20) pnall 5 dlains 18 s

s o5 (A )l ya) Lo 5 gilall CMEN L ye

(s 6 de sane S A aalae S ) sy

4 slhaall el (5 ad laany s el 5l (galiie (5 (55

o o sllaal) )
Alsas om0 O clilall zliai le e g0 ) o0l Jiad s J5¥)de sandll @
Cesy 0S sl Al de sendll o
AL A S (g0 A3 de gandd) o

(O N N UC I NC R

Lol Jsaal 3 LS Ryt Ales aay i) Jasi 5

L) galll ol gl 4y ail) il o gia 1 J9an

Al A Js (5 ) O IS gV | A9 e B e g A g p2al) ldual
bl e )

£ 5 Al e

Alugy) e

5y sadall (3l s oY) 2
48, ol) dalisal)

Esanal dilall o3l




ol daal 3 Sl algaY)

g Al

=

gl diladl o5l
gl

il Jh

(2) 5 palaall
Salt stress (alal) dgay)
& bl Calingy Aa glall Jeady daslie o bacld A ol b je ildiay dpalall clilil)
2o A ) kW) a8l (e sdll byl sl ey sail) sl (DAL # Dl Lelaat da )

Lo Anlall A3l Aade SS) Lebens Fua A ol Aulals cililall s3gd il ) gad sy La gac

5ol anisa (e Byl 8l ) ghati g e st B 5 JaSi Al UL Glatiall) oo ol sual) coadll ]
S Y1 isiaae ) elall il sda (any Gabiaial A8 aa gy g 3all ¢ sandll aan s 2
Gl g sandll aaa e JIy adle 5 palaiadd ) gaall 30l (o JIy Lae 3ale dpadal) 4 il
(O sSial)
pany dliad | Ay juanll ) szl el b ge il Aal & Ml &l 58 5 casds 3
s Jrny Lee (sslall pranll Cagatl Alglan s slally oY) ddea Zallall Al il
() IS8 e Lall 4058 0S5 )L LOIA S sa gl dpeal 5 4 juae Liliu
<ua o) Suaeda prumosa Jie CULAN ey 4 o ASlall elbacV) G e galAdll 4
2o geadl 813 sl il Aiaa (3150 () ABLaVL 5 peall Jile juadl o5l <ld B (3) 54
O bl Galady elly g clall e adudy Gl (Al o Al 61 0Y) @lliy b S il e
AaFiy Hgall bl dlee 8 Sludl & il 3551 s2a liA) die agle 5~V (e S
Al (8 7B 58 5ol latey 4y laall 5 alh
Aabiall as g & ) eafll dae A Leana g illl (3) ) ) 2ac 418 5
Sl (o JUaS 32 sa sall mlall 1A 202 (3l e 320 3 #3180 DA e ) st 6
Atriplex sp <l
o] il 40l Galias) JUA (e 48ad (S Al ¢ el aladinl A e el a7
s geall Lald ¢ il oY)
il ) el g S il oS 8
ULl odd jpan @
Seidlitzia rosmarinus u=_~ 5 Salsola kali u=esll &l s Saueda pruinosa sl
Sl sad et ) Apalall il Y G Al il sy il (S i) daal s Gy sad s
o3 (Y | iy Lasee | Al slime ) mland 7l #OY) i il Juliig elall 0 8% duals
5 Ll a3l W) paills N | lan Alle 45 A sLall o ) ) oLl Lo g Ay B g il
Cro BAELLY (g 4S8 A bl Al g LA 3 g 1Al jumell (o) s 3¥) Jaiiall gl L g2 L



ol daal 3 Sl algaY) -

asati e Laily G080 gtina) Jant Leild L pai Sl paiad o il o2 Jadlas K1y | o Y oLl
+ g Al oUae S JIATal) S il 6l sat aay el g AN 5Ll (5 il

By A agidnlene Ay () IS Aalall 20l e Aals 228 3y ge Y A ]
Y 5180 A AaBlall duay gl ) il A A8 jhay o g5 () JSS 31 5Y1 5 GBladl e IS
sl 3y W e s Avicennia marine s Atriplex sp —abill il LS il mhasl = jlA
zoa G Al ele ae Al gaiall g A0IA ) gall =5 3 Basha e ZOLYT oyt Adee I il
.ectodesmata e Lo G2 b e 5l AL A4 Hhay dadV) (fad die Gl g 31 5Y)

slall DAL dals sl 55 a ) Adlall il 3ayh e oY) zoad a8 e lad) By e 2
Leiad o) A3 )1l Al o afi a5 (o A mhand) (VA8 )5l Jals e daale dllae e 43 ey
A48 o LA 3ae (e 2l (sS8 dal) jualie a luasill Jleall 528l sda Juai
DAL (et Aady g5 AUl Addall en B0 At Clilie Lein g AL e (g 8ai Y
dam 4y @il dssdl) (dle) e A el LOAN 5 )38 aae 8 galall gl e aliny ga 5 Al
by paall HulS cly Akl sl e g it (Al Cllall aal Ges W jaa dlaw plaisy
. Brassica sp

OOl e Jani WS |~ ST Al JY daiadie &l jund A, daale G el A A WS) 5 3
A8 5l 2 ka3 31 =3l 31 E0 Gy oY) 8 Al

Juncus maritima s ) s Jadlud Nia #Sa¥) Lead oS) i Al Aglill elac V) g A3 4
el oSl ol ld dall (3 )W) el g Lead 4y gumall jue S ga¥I 3S 53 Bal ) e
I guall il 8 LS Lo 315V

LAY Ll dais @y | Ay juae dnd Gl Bl 25 5 Aaslall deladdl Sl i 5
¢ A bac Gl Gy S5 285 LAl clall o GlaeS jaNE Sl elall 45 A A )
oY) A lal) (adiag 8 Gl 4 il A Z DY) S 5 eak ) lata Ly 4y jland) 3 el ala 33
Solicornia froticosa <bo (& LS ailiws 5 48] )5 & 4y jlanll 22 33 (Sl (5 a0l juanll &
Gl A LS Ll A ) Salsola Kali paesdl (8 LS Ll ) 4 elall lilall A a8
Anabasis articulate »_s=ll

, slall 5 5A LA 2 ga 9 A8LaVl 4y jlianl) L8l 5l jaals | dpalall LA & 2] dplee L3l 6
O AL claday ) diday oLl 45 5lall LAY Lalas o AL UMAY o Al cilildl 5SS )
2 giy, AAdiia g Ay S 4nd Bl LA A8l ) ) & () aadd sl Gl 8 LS (galaall il
2l Lhaeld 8 aa g Sl 3l et clalaasl 8 ) adll aa g8 @S 300 e ) gl
Ao sl aoall s (sabend) gl LA 40 L3S 510 LAY (o Coum ) Cin aa gy Aalall
s sl gl 2l 5 Coamn b Aaliiiia

Jie Laldl & 5l e slall Gabiatal (e leiSal da pu gl Al Huaall (o) genll) izl g &)1 7
(S5 ban 80 A dan 3 Suaeda 1 gl il

(oAl L o) cly (B LS pdlall aSe Al W) oda gaii Clilall oda (e S8
Avicennia.

i T I (5358 L LS i) dglae Lo e m0MeY) (o Allall 580501 et 3 il 3oy Lk
e sae b i L) il

aliall Slgay il (o i elall | siall (abiaial e aall ]



o Haeal o Sl aleal) -

(25 pandll Lgaia ot il dadl A Ay geanll jue Gl Y1 S) 50 2

diamall 4038l Gali g ¥l o) Y a2

W

=i o 73V Jaad dua | 3153 o il S il 5 (g alall JSAN 5 saill e bl 3l 4
ol 315 31 LA 8 s lal) lanl Al iy LOIAT) ¢ iel Tk
Aslua gill dai¥l 5 Ao sl 3 sandl Hhal i ) gdall ¢ i (i g Blall Jhal (el e Jesd 5
bl b il ddee Jara 33l ) 5 (Sl slull didee e anii 6
i) clia e Al dga¥) sl e

Y i g aliil ) sl e -

) o 585 -2

LeSam 53 35 (81wl 5k il 31y s) (sl el 48 ) Aalsdll A3 -3
Apdal) clilall 8l e 3oa Hsel -4

(soadll e genall g dall Al (5 giaall A i -5

) Salt Stress| |

siress

Osmotic/water deficit.
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Morphological effects

Plant growth reduction

Root anatomy

Chlorosis

Buming of leaves

Rolling of leaves

Poor tillering

Reducing plant biomass

Lower number of florets/panicle
Pollen viability

Lower grain

Reduction of yield

ERFNENINIS S

Physiological effects

Stomatal closure

Reduce leaf water potential
Inhibition of ¢ell elongation
Inhibition of photosynthesis
Low osmotic adjustiment
Increase osmolytes content
Reduce growth rates

Biochemical effects
v" Increase ROS generation
v"  Changes antioxidant enzyme
activities
v" Accumulation of stress metabolites
v Decrease lipid and protein content
v Swelling of thylakoids and the
disruptions of chloroplast
v Metabolism alteration
v"  High Na*/K* ratio
¥" Decrease Ca** and Mg?~ content
Molecular effects
v" Alteration of stress responsive
gene expression such as:
¢  Sensing and signaling genes
N ¢ Effector/functionalgenes
' *  TF regulatory genes
y ¢ Non-protein-coding genes
v Protei profile modulation
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Juncus maritima

Follar uptake

Heavy metal deposition and penetration via cuticlar cracks
(major physical barrier of foliar metal uptake)

Cpidenmis

Root-shoot metal trans
Shoot-root mctal transie

Heavy metal penetration Heavy metal transfer towards roots
via stomata via sylem and phloem
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® Loss of turgarand osmotic

= Alteration in Pn, Rs and Ci p
= Enhancement of root : ﬂ;:umnztk et
Sy creas water
respiration ;
= Chlorophyll deterioration potcntial

= Reduced photochemical LD » ROS production
efficiency :
. N = Accumulation of stress
Increase anti-oxidative i i
cnzymes :
_— Biochemical
= Rodnf:lmn in plant growth ® Reduction in leaf
duramm. development and tiller
® | eaf rolling and leaf formation
SCOCSCence
) . _ Growth & ® Inhibition of seed
= Pollen viability reduction Development germination and seedling
® Grain growth and grain emergence
quality reduction » Poor stand establishment
Yield
Reduction
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Effects of UV-B on Plants
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/ \ * Accumulation of UV-profective / \
+ Inhibition o hypocotyl

clongation figmcms o
+ Cotyledon opening = Peroxidation of lipids Formution of CPDs and (6 —4)
= Reduction of leaf = Formation of ROS rPs
surface anrcs = TInduction of antioxidants and * Induction of repair
+ Increased thickness of antioxidant enzymes mechanisms
leal * Reduction of Photosynthesis * Stimulation of homologous
+ Shortened internodes T
* Reduced roat gronth * Degradation of photosystem 11, D1 recombinution
= Reduction of hiomss and D2 proteins * Down regulation of
= Altered flovering + Photooxidation of IAA photosynthetic genes
+ Reduced fertllity = Reduction of Rubisco activity nnd

Qedunlon of crop yleld /Q"'“" J \ /

ProtectiondiFom light stress

P + leaf relocation
+ production of shading material

+ chloroplast relocation

+ xanthophyll cycle

+ degradation of PSTT

* reduction of LHT expression

+ oxygen radical scavengers

+ protection of the reaction center

) NADP+
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