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Primordial Soup

A Assumes ancient earth atmosphere of
ammonia, hydrogen, methane and water
vapori volcanaclike environments

A Lightning striking methane gas could form

organic compoundsAmino acids, ATP, sugar
and nitrogen bases synthesized form cyanide in lab
exiuipments

A These simple molecules could arrange
themselves into small, singtranded strips
of RNA which in turn produce DNA

A Early atmosphere now believed to contain
CO, & O, and2" law of Thermodynamics
(e Nntro py)l are big questions




Earth Plate

Ridge axis Transform Subduction zone Zones of Extension within continents  Uncertain plate
divergent boundary Convergent boundary boundary



Continental Drift
Earth Originated fronPangaea

200 million years ago
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Age of the Earth: Evolution

Humans began to evolve 1.4 mllllow g AN

years ago _
Fish were seen about 500 m|II|ox 3

years ago
Earthos first |
billion years ago.

Our planet is roughly 4.6 billion

years old.




Geologic time scale, 650 million years ago to the present »
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Maj] or Er as

A Archean (460myai 2500mya)

A Proterozoic (2500yai 540mya)
A Paleozoic (540nya-250mya)

A Mesozoic (250nyai 65.5mya)
A Cenozoic (65.8nyai present)

A Cenozoic era divided in to Tertiary and
Quarterny

A Development of modern mammals,
angiosperms and human beings.
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Light Energy Harvested by Plants &
OtherPhotosynthetic Autotrophs

CARBON DIOXIDE
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Growth development
and morphogenesis

external appearance of
plant life



Material and energy

transtformationbasis
for growth anc




Intensity of the sun’s
c radiation at the Earth’s
2 surface
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Key: Chlorophyll a (green) == Phycoerythrin (red)

== Chlorophyll b (green) - Phycocyanin (blue)
~ [ carotene (orange)

CHO in chlorophyll b
CH, in chlorophyll a
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<— Saturated in bacteriochlorophyll
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Phytol side chain

Copyright © 2003 Pearson Education, Inc., publishing as Banjamin Cummings.



Noncyclic Photophosphorylation

APhotosystem Il regains electrons by splitting water,
leaving Q gas as a byproduct

Primary
electron acceptor

Primary
electron acceptor

Ene% for

synthesis of

PHOTOSYSTEM |
ATP

PHOTOSYSTEM Il by chemiosmosis



How the Light Reactions Generate
ATP and NADPH

h{a"s.o \
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NADPH -produ
photosys tem

Water-splitting
photosystem




Stroma %
3H

Photon

" Photosystem |
3H

4
- ATP synthase complex

Cytoclirome b, /f complex
Photosystem I Thylakoid lumen



Plants produce gas'by splitting HO

The O liberated by photosynthesis is made from the oxygen
In water (H and ¢)




Basics of life

Message transportatic ~
andsignal transductiol _
Important part of plant .
adaptatiorto the
environment.

Photosystem Il Photosystem |




Stress

Environmental
damage to plants

Biotic stress Abiotic
stress



Resistance

The adaptability of plants
to adverse environment
Stress avolidance or

Stress tolerance



Stress Physiology

Adversity makes an
Impact on plant life
activities,resistance of
plants toadversities



Types of stress

ABiotic stress
pathogen stress
AAbiotic stress
chilling stress
freezing stress ]

heat stress -lemperaturestress
wet stress
flood stress
drought stress , water stress
salt stress
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Salt gland & salt crystal on leaf of Black mangrove
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Stress avoldance

In the whole growth process does
not meet with the face of adversity

Stress tolerance

Plant has a capacity of
environmental stress defense, but a
variety of physiological processes
remain normal



Major reasons

Soll degradation, land resources shortage
and salalkalization

Distribution
Aand surface!: hectare
Aarable lands: hectare

Acultivated landst:.5x 1P hectare
Asaline soild.34x 10° hectare 23%)
Aalkaline soil:0.56x 10° hectare $7%)



Salinization of soll

Amain cationiNa“,Ca+,Mg?*, K*
main anionCl, SO~ HCO, ,CO~,
NO;
main salthaCl, Na,50, ,Na,CO,,
NaHCQO,

Asaline soil:NaCl, Na,SO, in soil
akaline soil:Na,CO,, NaHCO, in soll
salinealkaline soill



Address to growing salt problem

Ahalophytes have been studied as the
principal species for exploiting and
recovering salinalkalinized soll.

AAN increasing number of reports on
distribution, exploitation, and
physiological mechanisms of saline

resistance of halophytes have been
published.



Salt tolerance and salinity effects on plants; a review
AK Parida AB Das- Ecotoxicology and environmental safety, 200BIsevier
Clted by~5000related articles

Available online at www.sciencedirect.com

Ecotoxicology
oclzncl@olnac'r- and

Environmental
Safety

www.elsevier.com/locate/ecoenv

ELSEVI ER Ecotoxicology and Environmental Safety 60 (2005) 324 349

Salt tolerance and salinity effects on plants: a review

Asish Kumar Parida®. Anath Bandhu Das®™*

*National Institute for Plant Biodiversity Conservation and Research, Nayvapalli, Bhubaneswar 751015, Orissa, India
®Regional Plant Resource Centre, Navapalli, Bhubaneswar 751015, Orissa, India
Received 18 September 2003: received in revised form 8 March 2004: accepted 8 June 2004
Available online 7 August 2004

Abstract

Plants exposed to salt stress undergo changes in their environment. The ability of plants to tolerate salt is determined by multiple
biochemical pathways that facilitate retention and/or acquisition of water. protect chloroplast functions, and maintain ion
homeostasis. Essential pathways include those that lead to synthesis ol osmotically active metabolites. specific proteins, and certain
free radical scavenging enzymes that control ion and water flux and support scavenging of oxygen radicals or chaperones. The
ability of plants to detoxify radicals under conditions of salt stress is probably the most critical requirement. Many salt-tolerant
species accumulate methylated metabolites. which play crucial dual roles as osmoprotectants and as radical scavengers. Their
synthesis is correlated with stress-induced enhancement of photorespiration. In this paper. plant responses to salinity stress are
reviewed with emphasis on physiological. biochemical, and molecular mechanisms of salt tolerance. This review may help in
mterdisciplinary studies to assess the ecological significance of salt stress.
¢ 2004 Elsevier Inc. All rights reserved.

Keywords: Antioxidative enzymes: Compatible solutes: lon homeostasis: Photosynthesis; Salt stress




Salt stress

AThe main point is the effects of saline
stresses on growth of mangroves
seedlings

Asalt stress
Aneutral salt stress
Aalkaline salt stress
Aalkali-stress (A)
Asaltstress (S)



Mechanism disordered

Deleterious effects of
salt stress result
primarily from osmotic
stress and 10n toxicities.



Mechanism disordered

Under alkaline stress, the salinized

soil contains HCQ and CQ%, in
addition to osmotic stress and ion
toxicities, plants also have to deal

with stress of higipH.



Mechanisms of Plant Adaptation

AOsmotic regulation

Aon regionalization



Osmotic regulation
reduce volume reduce water content
absorb the inorganic ions In vacuole
Nat K*,Ca*Mg?*,CFSO,2 ,NO;
synthetic organics accumulate in the

cytoplasm
Proline soluble sugar, organic acidetaine



lon regionalization

Intracellular ion balance, a stable tissue
pH Is necessary for plants to maintain
normal metabolism.

In a living plant, as long as the plant can
adapt to the environment, the pH value In
Its tissue should be stable regardless of
how the environmental pH value changes



High-salt environments can break
the 1on homeostasis of plant cells,
destroy the ion balance.

Undersalt stress, It IS necessary to
osmotically adjust and festablish
the 1on balance In cells for plants
living.



Plantsregulate the
Intracellular pHto keep 1on
pbalance by 1on
regionalization



Deforestation/conservation/
restored vs degraded
mangroves

Nursery/fishing/
aquaculture

Carbon sequestering/
climate change

Strom protection/erosion
mitigation/Coastal
development
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World Mangrove distribution
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Cyclone affected coastal belt of Orissa in 1999
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TRACKING THE-STORMY
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Total suspension of fishing operations

Total suspension of fishing operations
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BhitarkanikaMangroves
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Manaroves In low tide condition




Mangrove Conservation for Sustainable Use

A Mangrove ecosystems anader threat from a
changing set of pressures

A Primarythreats to mangroves have come from
conversion folaquacultureor agricultural useand
cutting fortimber,

A While these remain significant, new threats are
emergingjncluding pollution, diversion of upstream
water sources, offshore miniiagd land reclamation
for development.



Mangrove Conservation for Sustainable Use

A Mangroves worldwide faceultiple threats and are
disappearing despite the essential seniceyg provide
supporting théivelihoods of over 120 million people
across the globe.

A Need todevelop a comprehensive stutistailing the
legal and institutional frameworks affecting mangroves

and t hei r 1 mp abehavioarand tket a k
natural environment.




Area distribution of mangroves in Indignousand ha)
Mangrove distribution

| State/Union'territory™ Government of India, 198" Government of India, 199
420 212.3
Andaman and Nicobar 119 96.6
33 12.4
26 99.1
20 38.3
15 2.1
oissa 15 211
6 03
Goa 20 0.5
Sparse Nil

T

otal 674 482.7




MangroveDegradation in India

A In India, mangroves occur on the West Coast, on the
East Coast and on Andaman and Nicdbnds but
INn many places they are highly degraded.

A Accordingto the Government of India (1987), India
lost40 percent of its mangroaea In the last century.

A TheNational Remote Sensing Agency (NRSA)
recorded aleclineof 7 000ha of mangroves in India
within the sixyear period from 1975 to 1981.

A In Andaman andNicobar Islands about 2800ha of
mangroves were lost between 1987 a6/ .



Need for Mangrove Conservation and manageme

A Increasedressure on mangrove ecosystems in many countries
with the growing demand for timhduelwood, fodder and other
nonwood forest products (NWFPs) due to increasinghan
population in coastal areas

A Conservation of mangroves for environmental benedbigether
with a sustainable supply of various forest products are needec
meet the dayo-day requirements of local people.

A Managementvill open new avenue®r self-employmentike
ecotourism, fishing, beekeeping amangrove foregproducts
related cottage industries to improve the s@aonomic
conditions of the local communities.



Management of Mangroves In India

AFirstmangroves in the world to be put under scientific
management Plan Sundarbans mangrovesplemented in
1892.

AAmendmento the IndianConstitution in 1976stateghat it shall
be the duty okvery citizen of India to protect and improve the
natural environmenncluding forests, lakes, rivers analdlife.

AGovernmenbf India set ughe National Mangrove Committée
the Ministry of Environment and Forests in 1976 to advise the
government about mangrove conservation and development.



Management of Mangroves in India.

AThegovernment subsequently introducescheme for
mangrove conservation and protecfioansisting of:
. Identification ofselected mangrove areas for

conservation,
., preparatiorof amanagemerplan
. promotionof research

. adoptionof amultidisciplinary approach involving state
governments, universities, research institutiamng
local organizations.



Management of Mangroves in India.

. 1N 1979, theNational Mangrove Committaecommended
areas for research and development and for management of
the mangroves, which included tfudlowing:

. hationwidemapping of the mangrove areaseferably by
remote sensing techniquesupled with land surveys, and time

series to assess the rafalegradation of thecosystems

. quantitativesurveys of area, climatic reginmate of growth of
forest treemndseasonal variations of environmental

parameters



Management of Mangroves in India.

., assessmertf suitablesites for reserveorests
., conservatiorprogrammes
. afforestatiorof degraded mangrosgeas

. studyof management methods, the ecology of mangroves,
their flora and fauna, their microbiology and the biochemistry
of organic matter and sediments.

NationalMangroveCommitteerecommended, identified 15
mangrove areas Indiafor conservation.



Management of Mangroves in India.

TheGovernment of India has providédancialassistance to states and
Union territories for thgpreparation and implementation of Management
Action Plandor theconservation and development of these mangrove
ecosystems.

A Theplans broadhycover survey and demarcation, natural regeneration in
selected areas, afforestation, protection measi@mesing ancdwareness
programmes

A The government also supports research by academic institutions for
development of mangrove ecosystems on a sound ecological basis.

A TheNational Forest Policy, 199&ts effective conservation and
management of natural forest ecosystems (including the mangrove
ecosystem) asaiority area for forestryesearch.



ldentified Mangroves Sites in India




LegislativeFramework

A Thelndian Forest Act, 192@nd thewildlife (Protection) Act,
1972provideprotection to flora and fauna

A Althoughthey do not specifically mention mangroves, these
acts can also apply to the conservation of the flora and fauna
of mangrove ecosystems.

A Sincel927, the Indian Forest Act has been applied to the
mangrove forests of the Sundarbans, which have been
declared as a reservatkea.

A TheForest Conservation Act, 198fates thanho forest area
shall be diverted for any neorestry purpos&ithout prior
approval of the Government bfdia.




Legislative Fameworkconti..

A TheEnvironment (Protection) Act, 198fs had a crucial role
In the conservation and management of mangrove ecosyster

A It declares &oastal Regulation Zone in which industrial and
other activities such as discharge of untreated water and
effluents, dumping of waste, land reclamation nddingare
restricted in order to protect the coastal environment.

A Enforcemenbf the legislative mandatés a primeneed.



Mangrove Conservation & Management Issue

A Mostof the challenges to mangrove forests
naturalhazards and destructive human activities
However, the gravity of the problems varies from are:
to area

A Cyclonestyphoons and strorgaveaction.

A Browsingand trampling by wildlife (e.gdeer)and
livestock (goats, buffaloes and cows), which are ofter

left to graze freely, especially in areas close to humat
habitation



Mangrove Conservation & Management Issue

A Infestationby barnacles which attach to young
seedlings, interfering with respiration and
photosynthesis and delaying seedlgngwth.

A Damageby oystersand crabs tthe young leaves and
plumulesof RhizophoraandCeriopsplants.

A Weeds likeAcrostichumaureum andAcanthusspecies,
which oftenoccupy deforestethangroveareas.

A Drying and mortality of mangrove treeBruguiera,
Avicennia due tohigh salinity



ProblemCausedy Humans Activities

Indiscriminateareefelling and lopping, mainly for

fuelwood, fodder and timber, especially in areas
close to humahabitation.

Indiscriminateconversion of mangroves on public
lands for aquaculture (e.g. for prasumlture).

Effects of shrimp culture on mangroves in eastern
India), agriculture, mining industrial purposes.



ProblemCausedy Humans Activities

Encroachment mangrovYerestlands andultivation ofpaddy.

Lack of interest of private landownens conserving and
developing thenangroves.

lllegal collectionof mangrove fruitsXylocarpus
granatum XylocarpusmoluecensidNypafruticansandHeritiera
littoralis), which hinders their natura¢generation.

Dischargeof industrial pollutants into creeks, rivers asgtuaries.

Thetraditional use of dragnets in fishing, which often hampers
regeneration amangroves.



Influence of Climate Change on Mangroves

Increased
atmospheric CO,

'

Increase in

temperature \\‘

Ocean
currents

Altered
precipitation
regime

Increased
storminess

lSealevelﬂse~-

Y Y ,‘4 '

Plant E' , Sediment| |Mangrove
roductivity] &0 supply drowning

Y
Salinity
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Sealevel Rise

Sea level rises a major potential climate chantjgeat tomangrove
ecosystems, because mangrovesansitive tachanges in inundation
duration andrequency asvell as salinity levels that exceedjgecies
specific physiologicalhreshold otolerance.

Coastal flooding is expected itacrease irthe futurebecause global
sea levels have risdry 3.2mmArr over recentlecades.

By 210Q sea levels likelyo rise by betweef.28 and 0.98n.

Sea level rise rates are higmgriable, froml.9 mmr in the
Caribbeanto 7.5mm/yr in parts of Indonesia, andup to9 mm#pr
In the lower MississippiRiver.

Thus, getting of organic matter in dé@e for mangroves is a big
threat to mangroves.



Storminess

A The intensityof storms in a particular coastal zone is likely to

be influenced by mangrove position In relatiostorm track storm
characteristics. Tracks and Intensity of All Tropical Storms

Global distribution of tropical cyclone
tracks between 1851 and 2006.

TD - Tropical Depression (OL7 m/s),
TS -Tropical Storm (187 32 m/s),
Category One (33142 m/s),
Category Two (431 49 m/s),
Category Three (501 58 m/s),
Category Four (591 69 m/s),
Category Five (O70 m/s).

Source: NASA (2006).

D TS 1 2 3 4 | I

Saffir-Simpson Hurricane Intensity Scale




Temperature

A Global temperatures are predictedrorease byip to4.8AC by 2081
2100relative to 19862005 (PCC,2013 RCP8.5.

A Temperature influencabe abilityof mangrovego assimilate CQas a
result of thdimitations tobiochemicakeactions.

A Where temperatures exceed that of paladtosynthesis productivity
decreases and when leéamperatures exce@&®i 40AC, photosynthesis
ceases.

A High temperaturesicrease evaporatiaates which can result isalinity
Increasesthe synergistic impacts of salinity ardlidity caninfluence
species diversity, size, apdoductivity ofmangroveorests.



» Mangroveforests stabilize the coastline by reducing erosaumnsed by
stormsurgescurrents, waves and tides

» Mangrovesrotect water qualityy removing nutrients and pollutants
from stormwaterunoff.

» Mangrove peat absorbs water during heavy rainstrt surge
reducing the chances of coastal flooding.

» Mangroves provide nursery habitat for maxwynmercial fish and
shellfish and thus contribute to the local abundance of seafood.

» Mangrove systemgrovide shelter to a range of wildlife species
Including birds, deer and honey bees.

» Mangrovesserve as nesting areas for coastal st as little blue
heronsgreategrets and brown pelicans.




Importance of Mangrove Biodiversity

A Mangrovetrees and shrubs grow in coastal intertitaies.

A Mangroveforests grow at tropical and subtropical latitudes
because they cannot withstand freezing temperatures.

A Many mangrove forests can be recognized by prop tbats
make the trees appear to be standing on stilts aboveatee

A Thistangle of roots allows the trees to handle the daily rise
and fall of tidesand slow the movement of tidahaters.

A Contribute$7.6 billion annually to the economy and create
109,000 jobsn Florida.



SaltDepositson Soll
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Mangroves and global changes

Rise in atmospheric CO,

Global warming

Sea level rise

due to thermal expansion
of the world’s ocens and
melting of glaciers and

major continental ice caps

280ppm in 18t century increase to 355 ppm
in 1991. The expected rise at ~0.5% or
1.5ppm per year

Global mean temperature increases 0.30C
to 0.6°C since 19 century, year 2025 -
expected ~1°C above and ~3°C above by
21st century

Year 2030 — expected rise 18 cm
Year 2070 — expected rise 44 cm

(after Field 1995)




Mangrove flora diversity In
Bhitarkanika & Mohanadi Delta

Major mangroves 20 species
Minor mangroves 10 species
Mangrove associates 64 species
Total family 44
Total genus 64

Total species 94




Chromosome analysis & DNA content

Speciesl Somatic Karyotype 4C DNA TF%
Family chromosome Formulae content
number(2n)

13. Suaeda nudifiora 54 6A+2B+28C+18D 19.23 36.29
14. Lumnitzera racemosa 24 14C+10D 2251 38.08
15. Excoecaria agaliocha 130 106C+22D 27 .56 38.45
16. Caesalpinia crista 24 2A+12C+10D 15.76 37.96
17. Cynometra ramifiora 26 2A+18C+6D 8.97 38.71
18. Dalbergia spinosa 20 4B+12C+4D 10.82 38.93
19. Derris heterophyiia 24 4A+14C+6D 16.96 39.33
20. Derris indica 22 4A+8C+10D 28.73 35.38
21. Xyiocarpus granatum 42 4B+16C+22D 20.66 37.14
22. X. mekongensis 44 2A+30C+12D 2252 38.38
23. Hibiscus tiliaceous 86 2A+74C+10D 18.72 43.73
24. Thespesia populnea 26 2A+2B+12C+10D 2852 32.10
25. Syzygium cumini 66 56C+10D 8.49 43.83
26. Aegiceras corniculatum 44 2B+36C+6D 17.61 40.46

27. Aegialitis rotendifolia 34 2B+14C+18D 37.68 34.86




Chromosome analysis & DNA content

Speciesl Somatic Karyotype 4C DNA TF%
Family chromosome Formulae content
number{2n)

28. Kandelia candel 38 4A+26C+8D 19.23 39.40
29. Rhizophora apiculata 36 28C+8D 325 40.19
30. R. mucronata 36 2A+22B+12D 15.21 35.00
31. Bruguiera gymnorrhiza 34 4A+20C+6D 8.97 34.96
32. B. sexanhgula 34 4A+26C+2D+2E 7.45 40.06
33. B. parvifiora 34 6A+20C+8D 12.89 36.09
34. B. cylindrica 34 2A+4B+24C+4D 17.30 39.04
35. C. decandra 36 4A+28C+4D 11.12 41.25
36. Ceriops tagal 36 2A+24C+10D 18.14 42.45
37. Heritiera fomes 38 2A+2B+26C+8D 28.66 37.07
38. H. macrophylia 38 4A+20C+14D 2517 34.15

39. H. littoralis 38 2A+28C+8D 22.26 39.80
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populations of Suadea nudifiora




Suadea nudiflora DNA marker in cytotypes
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Somatic metaphase plates in different mangroves
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Somatic chromosome plates of B. parviflora (2n=34), B. cylindrica (2n=34) , B.
gymnorrhiza (2n=34), B. sexangula (2n=34), C. decandra (2n=36), C. tagal
(2n=36), R. apiculata (2n=36), R. mucronata (2n=36), K. candel (2n=38), L.
racemosa (2n=24), A. officinalis (2n=64), A. alba (2n=62), and A. marina
(2n=66) .



Chromosomal and DNA markers in

Acanthus ilicifolius
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RAPD profile
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RAPD profiles of Sonneratiaceae by

Avicenniaceae by Primer- Rhizophoraceae seven random decamer Primer-OPAl,
OPA2, OPC1, OPAF2, OPAF3, OPNS,

OPN14, OPN1, OPAF14, by Primer-OPNS, OPA2,
OPAF12, OPAF7, OPAFS, OPA12,0PAll OPN10,0PN1,0PN3,0PN7,0PAS,
OPA11,0PA13,0PAL2, OPA7,
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Ildentification of salt stress marker
INn mangroves

Hydroponic Culture
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W N Summary

Bmgtl;lel mn m_"fa ? The influence of varying levels of salinity (0, 100, 200 and 400 mM) on the activities of
I-I'yt:lruponi’c' nitrate reductase (NR, E.C. 1.6.6.1), acid phosphatase (ACP, E.C. 3.1.3.2), and
Mang L alkaline phosphatase (ALP, EC 3.1. 3.1) as well as on nitrate and phosphate uptake and

----------------- total nitrogen levels in leaves of a true mangrove Bruguiera parviflora was
Salt stress ' investigated under hydroponic culture conditions. NR activity increased in 100 mM
; NaCl treated plants, whereas it decreased gradually in 200 and 400 mM treated plants,
' relative to the controls. Decreased activity of NR by NaCl stress was also accompanied
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Abstract The effects of a range of salinity (0, 100, 200
and 400 mM NaCl) on growth, ion accumulation,
photosynthesis and anatomical changes of leaves were
studied in the mangrove, Bruguiera parviflora of the
family Rhizophoraceae under hydroponically cultured
conditions. The growth rates measured in terms of plant
height, fresh and dry weight and leaf area were maximal
in culture treated with 100 mM NaCl and decreased at
higher concentrations. A significant increase of Na*
content of leaves from 46.01 mmol m™ in the absence
of NaCl to 140.55 mmol m™ in plants treated with
400 mM NaCl was recorded. The corresponding CI
contents were 26.92 mmol m™? and 97.89 mmol m™.
There was no significant alteratlon of the endogenous
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tration. Stomatal and mesophyll conductance decreased
by 49% and 52% respectively after 45 days in 400 mM
NaCl compared with conductance in the absence of NaCl.
Scanning electron microscope study revealed a decreased
stomatal pore area (63%) in plants treated with 400 mM
NaCl compared with untreated plants, which might be
responsible for decreased stomatal conductance. Epider-
mal and mesophyll thickness and intercellular spaces
decreased significantly in leaves after treatment with
400 mM NaCl compared with untreated leaves. These
changes in mesophyll anatomy might have accounted for
the decreased mesophyll conductance. We conclude that
high salinity reduces photosynthesis in leaves of B.
parvzﬂora prlmarlly by reducing dlfle%lOl’l of C02 to the
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Antioxidative defense systems
against salt stress







