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Primordial Soup
• Assumes ancient earth atmosphere of 

ammonia, hydrogen, methane and water 

vapor – volcano-like environments

• Lightning striking methane gas could form 

organic compounds – Amino acids, ATP, sugar 

and nitrogen bases synthesized form cyanide in lab 

exiuipments

• These simple molecules could arrange 

themselves into small, single-stranded strips 

of RNA which in turn produce DNA 

• Early atmosphere now believed to contain 

CO2 & O2 and 2nd law of Thermodynamics 

(entropy) – are big questions



Earth Plate



Continental Drift 
Earth Originated from Pangaea 



Age of the Earth: Evolution

Humans began to evolve 1.4 million 

years ago

Fish were seen about 500 million 

years ago

Earth’s first life forms appeared 3.5 

billion years ago.

Our planet is roughly 4.6 billion 

years old.



Geographical 

Time 

Scale
Earth Age is about 4.6 Billion years



Major Eras in Earth’s History

• Archean (460 mya – 2500 mya)

• Proterozoic (2500 mya – 540 mya)

• Paleozoic (540 mya -250 mya)

• Mesozoic (250 mya – 65.5 mya)

• Cenozoic (65.5 mya – present)

• Cenozoic era divided in to Tertiary and 

Quarterny.

• Development of modern mammals, 

angiosperms and human beings.



Light Energy Harvested by Plants & 
Other Photosynthetic Autotrophs

6 CO2 + 6 H2O + light energy → C6H12O6 + 6 O2 



Growth development 
and morphogenesis
external appearance of 
plant life

Basics of life



Material and energy 
transformation basis 
for growth and 
development

Basics of life





Primary
electron acceptor

Primary
electron acceptor

Photons

PHOTOSYSTEM I

PHOTOSYSTEM II

Energy for
synthesis of

by chemiosmosis

Noncyclic Photophosphorylation
• Photosystem II regains electrons by splitting water, 

leaving O2 gas as a by-product
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The O2 liberated by photosynthesis is made from the oxygen 
in water (H+ and e-)

Plants produce O2 gas by splitting H2O



Message transportation 

and signal transduction 
important part of plant 

adaptation to the 

environment.

Basics of life



Environmental 
damage to plants
Biotic stress  Abiotic 

stress

Stress



The adaptability of plants 
to adverse environment
Stress avoidance or 

Stress tolerance

Resistance 



Adversity makes an 
impact on plant life 
activities, resistance of 
plants to adversities

Stress Physiology 



• Biotic stress
pathogen stress 

• Abiotic stress
chilling stress 

freezing stress

heat stress

wet stress 

flood stress

drought stress 

salt stress 

temperature stress

water stress

Types of stress



Salt GlandsBlack  mangrove / Khalsi (Aegiceras corniculatum)



Salt GlandsSalt gland & salt crystal on leaf  of Black mangrove



Stress avoidance
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
Soil degradation, land resources shortage 
and salt-alkalization

Distribution

• land surface:13.2×109 hectare

•arable lands:7×109 hectare

•cultivated lands:1.5×109 hectare

•saline soil:0.34×109 hectare (23%)

•alkaline soil: 0.56×109 hectare (37%)



Salinization of soil
•main cation: Na+,Ca2+,Mg2+, K+ 

main anion: Cl-, SO4
2-, HCO3

-,CO3
2-,

NO3
-

main salt NaCl, Na2SO4 ,Na2CO3, 
NaHCO3

•saline soil: NaCl, Na2SO4 in soil 

alkaline soil: Na2CO3, NaHCO3 in soil

saline-alkaline soil



•halophytes have been studied as the 
principal species for exploiting and 
recovering saline-alkalinized soil. 

•An increasing number of reports on 
distribution, exploitation, and 
physiological mechanisms of saline 
resistance of halophytes have been 
published.

Address to growing salt problem



Salt tolerance and salinity effects on plants; a review

AK Parida, AB Das - Ecotoxicology and environmental safety, 2005 – Elsevier

Cited by ~5000 related articles



Salt stress
•The main point is the effects of saline 
stresses on growth of mangroves 
seedlings 

•salt stress

• neutral salt stress

• alkaline salt stress

•alkali-stress (A) 

•salt-stress (S)



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

Mechanism disordered



Under alkaline stress, the salinized 
soil contains HCO3

- and CO3
2-, in 

addition to osmotic stress and ion 
toxicities, plants also have to deal 

with stress of high pH.

Mechanism disordered



•Osmotic regulation

•Ion regionalization

Mechanisms of Plant Adaptation



Osmotic regulation
reduce volume reduce water content

absorb the inorganic ions in vacuole
Na+, K+,Ca2+,Mg2+,Cl-SO4

2- ,NO3
-

synthetic organics accumulate in the 

cytoplasm
Proline, soluble sugar, organic acid, betaine



Ion 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 ion homeostasis of plant cells, 
destroy the ion balance. 

Under salt stress, it is necessary to 
osmotically adjust and re-establish 
the ion balance in cells for plants 
living.



Plants regulate the 
intracellular pH to keep ion 
balance by ion 
regionalization



World 

Distribution 

Of 

Mangroves



World Mangrove distribution
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Bhitarkanika Mangroves











Indian distribution



Mangroves in low tide condition



Mangrove Conservation for Sustainable Use

• Mangrove ecosystems are under threat from a 

changing set of pressures. 

• Primary threats to mangroves have come from 

conversion for aquaculture or agricultural use, and 

cutting for timber.

• While these remain significant, new threats are 

emerging, including pollution, diversion of upstream 

water sources, offshore mining and land reclamation 

for development.



• Mangroves worldwide face multiple threats and are 

disappearing despite the essential services they provide 

supporting the livelihoods of over 120 million people 

across the globe. 

• Need to develop a comprehensive study detailing the 

legal and institutional frameworks affecting mangroves, 

and their impact on stakeholders’ behaviour and the 

natural environment.

Mangrove Conservation for Sustainable Use



Mangrove distribution

State/Union territory Government of India, 1987 Government of India, 1997

West Bengal (Sundarbans) 420 212.3

Andaman and Nicobar 

Islands

119 96.6

Maharashtra 33 12.4

Gujarat 26 99.1

Andhra Pradesh 20 38.3

Tamil Nadu 15 2.1

Orissa 15 21.1

Karnataka 6 0.3

Goa 20 0.5

Kerala Sparse Nil

Total 674 482.7

Area distribution of mangroves in India (thousand ha)



• In India, mangroves occur on the West Coast, on the 

East Coast and on Andaman and Nicobar Islands, but 

in many places they are highly degraded. 

• According to the Government of India (1987), India 

lost 40 percent of its mangrove area in the last century. 

• The National Remote Sensing Agency (NRSA) 

recorded a decline of 7 000 ha of mangroves in India 

within the six-year period from 1975 to 1981. 

• In Andaman and Nicobar Islands about 22 400 ha of 

mangroves were lost between 1987 and 1997.

Mangrove Degradation in India



• Increased pressure on mangrove ecosystems in many countries, 

with the growing demand for timber, fuelwood, fodder and other 

non-wood forest products (NWFPs) due to increasing human 

population in coastal areas.

• Conservation of mangroves for environmental benefits, together 

with a sustainable supply of various forest products are needed to 

meet the day-to-day requirements of local people. 

• Management will open new avenues for self-employment like 

ecotourism, fishing, beekeeping and mangrove forest products 

related cottage industries to improve the socio-economic 

conditions of the local communities.

Need for Mangrove Conservation and management



Management of  Mangroves in India

• First mangroves in the world to be put under scientific 

management Plan in Sundarbans mangroves implemented in 

1892.

• Amendment to the Indian Constitution in 1976, states that it shall 

be the duty of every citizen of India to protect and improve the 

natural environment including forests, lakes, rivers and wildlife.

• Government of India set up the National Mangrove Committee in 

the Ministry of Environment and Forests in 1976 to advise the 

government about mangrove conservation and development. 



Management of  Mangroves in India Conti..

• The government subsequently introduced a scheme for 

mangrove conservation and protection, consisting of:

 identification of selected mangrove areas for 

conservation;

 preparation of a management plan;

 promotion of research;

 adoption of a multidisciplinary approach involving state 

governments, universities, research institutions and 

local organizations.



 In 1979, the National Mangrove Committee recommended 

areas for research and development and for management of 

the mangroves, which included the following:

 nationwide mapping of the mangrove areas, preferably by 

remote sensing techniques coupled with land surveys, and time 

series to assess the rate of degradation of the ecosystems;

 quantitative surveys of area, climatic regime, rate of growth of 

forest trees and seasonal variations of environmental 

parameters;

Management of  Mangroves in India Conti..



 assessment of suitable sites for reserve forests;

 conservation programmes;

 afforestation of degraded mangrove areas;

 study of management methods, the ecology of mangroves, 

their flora and fauna, their microbiology and the biochemistry 

of organic matter and sediments.

National Mangrove Committee recommended, identified 15 

mangrove areas in India for conservation. 

Management of  Mangroves in India Conti..



The Government of India has provided financial assistance to states and 

Union territories for the preparation and implementation of Management 

Action Plans for the conservation and development of these mangrove 

ecosystems. 

• The plans broadly cover survey and demarcation, natural regeneration in 

selected areas, afforestation, protection measures, fencing and awareness 

programmes.

• The government also supports research by academic institutions for 

development of mangrove ecosystems on a sound ecological basis. 

• The National Forest Policy, 1988 lists effective conservation and 

management of natural forest ecosystems (including the mangrove 

ecosystem) as a priority area for forestry research.

Management of  Mangroves in India Conti..



Identified  Mangroves Sites in India



• The Indian Forest Act, 1927 and the Wildlife (Protection) Act, 

1972 provide protection to flora and fauna. 

• Although they do not specifically mention mangroves, these 

acts can also apply to the conservation of the flora and fauna 

of mangrove ecosystems. 

• Since 1927, the Indian Forest Act has been applied to the 

mangrove forests of the Sundarbans, which have been 

declared as a reserved area.

• The Forest Conservation Act, 1980 states that no forest area 

shall be diverted for any non-forestry purpose without prior 

approval of the Government of India.

Legislative Framework



• The Environment (Protection) Act, 1986 has had a crucial role 

in the conservation and management of mangrove ecosystems. 

• It declares a Coastal Regulation Zone in which industrial and 

other activities such as discharge of untreated water and 

effluents, dumping of waste, land reclamation and bunding are 

restricted in order to protect the coastal environment. 

• Enforcement of the legislative mandates is a prime need.

Legislative Framework Conti..



• Most of the challenges to mangrove forests are 

natural hazards and destructive human activities. 

However, the gravity of the problems varies from area 

to area.

• Cyclones, typhoons and strong wave action.

• Browsing and trampling by wildlife (e.g. deer) and 

livestock (goats, buffaloes and cows), which are often 

left to graze freely, especially in areas close to human 

habitation

Mangrove Conservation & Management Issues



• Infestation by barnacles which attach to young 

seedlings, interfering with respiration and 

photosynthesis and delaying seedling growth.

• Damage by oysters and crabs to the young leaves and 

plumules of Rhizophora and Ceriops plants. 

• Weeds like Acrostichum aureum and Acanthus species, 

which often occupy deforested mangrove areas.

• Drying and mortality of mangrove trees Bruguiera, 

Avicennia due to high salinity.

Mangrove Conservation & Management Issues



Indiscriminate tree felling and lopping, mainly for 

fuelwood, fodder and timber, especially in areas 

close to human habitation.

Indiscriminate conversion of mangroves on public 

lands for aquaculture (e.g. for prawn culture).

Effects of shrimp culture on mangroves in eastern 

India), agriculture, mining industrial purposes.

Problems Caused by Humans Activities



Encroachment mangrove forest lands and cultivation of paddy.

Lack of interest of private landowners in conserving and 

developing the mangroves.

Illegal collection of mangrove fruits (Xylocarpus

granatum, Xylocarpus moluecensis, Nypa fruticans and Heritiera

littoralis), which hinders their natural regeneration.

Discharge of industrial pollutants into creeks, rivers and estuaries.

The traditional use of dragnets in fishing, which often hampers 

regeneration of mangroves.

Problems Caused by Humans Activities



Influence of Climate Change on Mangroves



Sea Level Rise

• Sea level rise is a major potential climate change threat to mangrove 

ecosystems, because mangroves are sensitive to changes in inundation 

duration and frequency as well as salinity levels that exceed a species-

specific physiological threshold of tolerance.

• Coastal flooding is expected to increase in the future because global 

sea levels have risen by 3.2 mm/yr over recent decades.

• By 2100,  sea levels likely to rise by between 0.28 and 0.98 m.

• Sea level rise rates are highly variable, from 1.9 mm/yr in the 

Caribbean to 7.5 mm/yr in parts of Indonesia , and up to 9 mm/yr

in the lower Mississippi River.

• Thus, getting of organic matter in sea flore for mangroves is a big 

threat to mangroves.



Storminess
• The intensity of storms in a particular coastal zone is likely to

be influenced by mangrove position in relation to storm track, storm 

characteristics.

Global distribution of tropical cyclone 

tracks between 1851 and 2006. 

TD - Tropical Depression (≤17 m/s), 

TS -Tropical Storm (18–32 m/s), 

Category One (33–42 m/s), 

Category Two (43–49 m/s), 

Category Three (50–58 m/s), 

Category Four (59–69 m/s), 

Category Five (≥70 m/s). 

Source: NASA (2006).



Temperature

• Global temperatures are predicted to increase by up to 4.8° C by 2081–

2100 relative to 1986–2005 (IPCC,2013, RCP8.5).

• Temperature influences the ability of mangroves to assimilate CO2 as a 

result of the limitations to biochemical reactions.

• Where temperatures exceed that of peak photosynthesis productivity 

decreases and when leaf temperatures exceed 38–40° C, photosynthesis 

ceases.

• High temperatures increase evaporation rates, which can result in salinity 

increases; the synergistic impacts of salinity and aridity can influence 

species diversity, size, and productivity of mangrove forests.



» Mangrove forests stabilize the coastline by reducing erosion caused by 

storm surges, currents, waves and tides. 

» Mangroves protect water quality by removing nutrients and pollutants 

from stormwater runoff. 

» Mangrove peat absorbs water during heavy rains and storm surge, 

reducing the chances of coastal flooding. 

» Mangroves provide nursery habitat for many commercial fish and 

shellfish, and thus contribute to the local abundance of seafood. 

» Mangrove systems provide shelter to a range of wildlife species 

including birds, deer and honey bees. 

» Mangroves serve as nesting areas for coastal birds such as little blue 

herons, great egrets and brown pelicans. 



• Mangrove trees and shrubs grow in coastal intertidal zones.

• Mangrove forests grow at tropical and subtropical latitudes

because they cannot withstand freezing temperatures. 

• Many mangrove forests can be recognized by prop roots that 

make the trees appear to be standing on stilts above the water.

• This tangle of roots allows the trees to handle the daily rise 

and fall of tides and slow the movement of tidal waters.

• Contribute $7.6 billion annually to the economy and create 

109,000 jobs in Florida.

Importance of Mangrove Biodiversity



Salt Deposits on Soil



Lenticels /pneumatphores O2 uptake



Rhizophora mucronata



To avoid salinity





















Xylocarpus granatum; Ecotypic variation



















Thylakoid Polypeptide Change













Salt stress inducible SUMO conjugating enzyme gene



SaSce9 gene in  halophyte Spartina



Transgenics Arabidopsis with SaSce9 gene



Salt Stress Induced Variation in DNA 
Methylation Pattern in Rice Genotypes

















Base maps reprinted from ArcGIS Online maps under a CC BY license, with permission 
from Esri, original Copyright © 2018 

Annual expected benefits provided by mangroves to property 
per 20-km coastal unit 



Global Benefits of Mangroves in Averted 
Flooding and Damages.



Country ranking. The countries receiving the greatest benefits from 
mangroves in averted land flooding and damages to people and property.



• Disturbance resulting from extractive uses of mangrove trees 

and mangrove fauna.

• Disturbance resulting from changes in upland hydrology due 

to construction.

• Pollution of mangroves.

• Destruction of mangroves associated with reclamation for 

non-extractive uses. 

• Impacts of climate change resulting from increases in CO2 

and sea level rise. 

Threat of Mangroves for Emergence of Climate Change 



1) Apply risk-spreading strategies to address the uncertainties of 

climate change.

2) Identify and protect critical areas that are naturally positioned to 

survive climate change.

3) Manage human stresses on mangroves.

4) Establish greenbelts and buffer zones to allow for mangrove 

migration in response to sea-level rise, and to reduce impacts from 

adjacent land-use practices.

5) Restore degraded areas that have demonstrated resistance or 

resilience to climate change.

Ten Strategies Managers Can Apply to Promote Resilience



6) Understand and preserve connectivity between mangroves and sources of 

freshwater and sediment, and between mangroves and their associated 

habitats like coral reefs and seagrasses.

7) Establish baseline data and monitor the response of mangroves to climate 

change.

8) Implement adaptive strategies to compensate for changes in species ranges 

and environmental

conditions.

9) Develop alternative livelihoods for mangrove dependent communities as a 

means to reduce mangrove destruction.

10) Build partnerships with a variety of stakeholders to generate the necessary 

finances and support to respond to the impacts of climate change.

Ten Strategies Managers Can Apply to Promote Resilience



Screening of superior genotypes 

adaptable to high CO2 and high 

temperature of air based on 

C assimilation
All the  16 rice genotypes responded positively to elevated CO2.  Maximum net photosynthesis 

rate (Pn) was maximum for ORS 331 and minimum for ORS 321. The popular cv Lalat and 

Swarna showed significantly higher no. of reaction centres, but moderate Pn

Climate Resilient rice



Submergence Tolerant Rice

IR 87439, IR 88228, IR 85086, 

Ciherang Sub1, Swarna Sub1, 

Savitri Sub1, Lalat, Pratikshya, 

Mahanadi, Swarna



Trend in annual rainfall over Eastern states of India (1951 – 2007)

No trend

Increasing (p = 0.01)

Increasing (p = 0.05)

Increasing (p = 0.1)

Decreasing (p = 0.01)

Decreasing (p = 0.05)

Decreasing (p = 0.1)

 Eastern parts of Bihar has

shown increasing tendency in

annual rainfall where as no

significant trend was noticed

in other regions

 In Orissa, declining trend is

noticed in western part and

increasing trend in

northeastern part. In the case

of West Bengal, increasing

tendency is seen in almost all

regions except southeast

where no significant trend was

observed



Trend in annual rainy days over Eastern states of India (1951 – 2007)

No trend

Increasing (p = 0.01)

Increasing (p = 0.05)

Increasing (p = 0.1)

Decreasing (p = 0.01)

Decreasing (p = 0.05)

Decreasing (p = 0.1)

 Declining tendency was observed

south western and north eastern

parts of Orissa. At the same, annual

rainy days is showing increasing

trend in central part of Orissa

 In West Bengal, central and south

eastern part showed increasing

trend in annual rainy days.

 No significant trend is noticed in

Bihar except north eastern part

where increasing tendency is seen



Trend in heavy rainfall (75 -100 mm / day) on annual basis over 

Eastern states of India 

No trend

Increasing trend (p = 0.05)

Increasing trend (p = 0.1)

Decreasing trend (p = 0.01)

Decreasing trend (p = 0.05)

 Increasing trend on 75 -

100 mm / day events 

were observed in south 

east Bihar, central west 

Bengal and northern 

Orissa



Trend in heavy rainfall ( Above 100 mm / day) on 

annual basis over Eastern states of India 

No trend

Increasing trend (p = 0.05)

Increasing trend (p = 0.1)

Above 100 mm per day

rainfall event, northeast

Bihar, central West Bengal,

South 24 Paraganas showed

increasing trend. In Orissa

no trend was found



No trend

Increasing trend (p = 0.05)

Increasing trend (p = 0.1)

Trend in heavy rainfall ( 75 - 100 mm / day) during 

Southwest monsoon over Eastern states of India 

Increased tendency is 

noticed in southwest of Bihar 

,Northern orissa and central 

and South 24 Paraganas of 

west Bengal



Moderate drought probability (%) over 

Eastern states of India (1901 – 2000)

% probability

Moderate drought 4 -10 (%)

probability over the orissa

except northwest part of the

orissa

Moderate drought 10 -16 (%)

probability distributed over

major part of Bihar and West

Bengal and NW Orissa

Moderate drought 4 -10 (%)

probability distributed over

northern parts of West

Bengal



Severe drought probability (%) over 

Eastern states of India (1901 – 2000)

% probability 

Severe drought 1 (%) probability

distributed over the orissa state

except west part of the orissa

and west Bengal except eastern

part

Severe drought 1-3 (%)

probability distributed west part

of the orissa and major part of

the Bihar state

Severe drought 3-7(%)

probability distributed eastern

part of the west Bengal



Baseline 2020

2050

Projected minimum temperature distribution  

during December month 



Baseline 2020

2050

Projected minimum temperature distribution  

during January month 



Baseline 2020

2050

Projected minimum temperature distribution

during February month 



Baseline 2020

2050

Projected maximum  temperature distribution 

during April month 



Baseline 2020

2050

Projected maximum  temperature distribution

during May month 



Spatial distribution of Rainfall over Orissa, West Bengal 

and Bihar for June Month ( A2a Scenario )



Spatial distribution of Rainfall over Orissa, West Bengal

and Bihar for July Month ( A2a Scenario )



Spatial distribution of Rainfall over Orissa, West Bengal and 

Bihar for August Month ( A2a Scenario )



Spatial distribution of Rainfall over Orissa, West Bengal and 

Bihar for September Month ( A2a Scenario )



Annual Maize Yield (Kg/ha) of Bihar from (1971-2008)

y = 50.53x + 616.12

R2 = 0.8775
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Annual Rice Yield (Kg/ha) of West Bengal from (1971-2008)

y = 44.604x + 940.7

R2 = 0.9244
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CHANGE IN ANNUAL RAINFALL (MM) IN 1991-2009 OVER 1990

ANNUAL RAINFALL CHANGE (MM)

Increase (+8.3 to +441.2)

Decrease (-9.9 to -455.6)



CHANGE IN ANNUAL NUMBER OF RAINY DAYS DURING 1991-2009 OVER 1990

ANNUAL NUMBER OF RAINY DAYS

Increase (3.1)

Decrease (1.1 to 13.2)



Change in rainfall (mm) per rainy day in 1991-2009 over 1990
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Decreasing both no. of rainy days and rainfall intensity, mostly in 

south interior, is significant for agriculture:

•Operations requiring minimum rainfall amount in a period. e.g. Transplanting/

beushaning of rice (50 mm in a day) affected in 2002 and 2010



Change in rainfall (mm) per rainy day in 1991-2009 over 1990
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Decreasing both no. of rainy days and rainfall intensity, mostly in 

south interior, is significant for agriculture:

•Operations requiring minimum rainfall amount in a period. e.g. Transplanting/

beushaning of rice (50 mm in a day) affected in 2002 and 2010



DISTRICT WISE CHANGE IN VERY HEAVY RAINFALL (>125MM) DAYS IN A YEAR 

DURING 2005-09 OVER 1995-1999

VERY HEAVY RAINFALL DAYS

Increase (+2.3 to +12.2)

Decrease (-2.0 to -6.3)

No Change
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Projected change in mean seasonal Tmax (oC) in 

North Orissa districts in 2020 over 1990

Districts Winter Summer Monsoon

Post 

Monsoon Annual

Angul 3.28 1.41 0.85 2.66 1.90

Balasore 3.30 1.43 0.89 2.83 1.95

Mayurbhanj 3.00 1.41 0.89 2.80 1.87

Chandabali 3.25 1.42 0.87 2.84 1.93

Cuttack 3.63 1.48 0.88 2.96 2.07

Jharsuguda 2.87 1.40 0.87 2.56 1.79

Keonjhar 2.81 1.32 0.82 2.47 1.72

Paradeep 3.68 1.49 0.90 3.07 2.10

Sambalpur 2.97 1.38 0.88 2.65 1.82

North Orissa 3.20 1.42 0.87 2.76 1.90





Expected change in Minimum Temperature in North Orissa
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Expected change in Rainfall  in North Orissa
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CO2 Organic carbon Soil Nitrogen

% (kg / ha)

Ambient 0.442 143.8

25% more 0.333 146.5

50% more 0.257 136.9

75% more 0.237 137.7

Mean 0.323 140.0

SD 0.117 26.39

Percent Organic Carbon and Available Soil Nitrogen 

as Influenced by Elevated CO2



OTC  1 to 8 with CO2 treated samples

Out side plantings are used as ambient



Sl. No. Series 1

Rice - Rice

Series 2

Rice - wheat

CO2, ppm Remarks

1 OTC 1 OTC 2 380 Ambient

2 OTC 3 OTC 4 470 25% more CO2

3 OTC 5 OTC 7 565 50% more CO2

4 OTC 6 OTC 8 660 75% more CO2

Experimental conditions: Two series of OTCs: 

Date of exposure: 15.9.2010
Date of data harvest: 30/9/2010 (15d), 15/102010 (30d), 30/10/2010 (45d)







Effect of Elevated CO2 on Agronomic Characteristics 

(Mean over 4 varieties)

CO2 Chaffy 

grain 

no.%

Fill 

grain 

No.%

Total 

wt./ hill     

( g)

% leaf 

wt.

%Stem 

wt.

% panicle 

wt.

1000 

grain wt. 

(g)

Total 

wt. q/ha

Straw

wt. q/ha

25% 31.70     26.18      59.37     13.71     19.04     42.40     38.57     21.66 100.77

50% 33.75     23.68      77.84     17.61     17.86     41.12    41.03     21.35    108.22

75% 36.30 25.39      63.51     16.83 16.40 42.59    41.01     22.61    132.90

Mean 33.92     25.08      66.91     16.05     17.77     42.03     40.20     21.87    113.96

Sd 23.54      6.82       33.67      6.02     5.49      7.20      8.65      2.19    13.83



CO2,

ppm

Chaf

no/hill

Chaf

no 

(%)

Chaf

wt./hill 

(g)

Grain 

no/hill

Leaf 

wt./hill 

(g)

Panicles 

wt./hill (g)

Stem 

wt./hill 

(g)

476 53.9 46.24 0.51 129.3 2.38 4.01 6.20

660 84.6 50.07 1.61 162.1 3.08 3.46 6.79

Sd
41.9 23.29 0.74 45.9 0.86 1.43 1.57

Effect of Elevated  CO2 On Agronomic Characteristics 

(Mean Over 16 genotypes)



Total Chlorophyll  Content
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Screening of Superior Genotypes Adaptable 

to High CO2 (660 ppm)



Chlorophyll a:b Ratio
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Total carotenoid content
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Adaptable to High CO2 (660 ppm)



Chlorophyll & Carotenoid Contein
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Screening of Superior Genotypes 

Adaptable to High CO2 (470 ppm)

Total Chlorophyll content
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Carotenoid contain

0.000

20.000

40.000

60.000

80.000

100.000

120.000

S
a

ri
a

L
a

d
a

ri

A
rn

a
p

u
rn

a

O
R

S
-3

2
6

O
R

S
-3

5
0

S
a

fa
ri

O
R

S
-3

5
8

L
a

la
t

O
R

S
-3

3
4

O
R

S
-3

3
9

O
R

S
-3

2
1

O
R

S
-3

1
0

S
w

a
rn

a

O
R

S
-3

3
7

O
R

S
-3

3
1

O
R

S
-2

4
6

-

Varieties

C
ro

te
n

o
id

 u
g

 g
-1

 f
. 
w

t.
Caro - Cont

Caro - Tret

Screening of Superior Genotypes 

Adaptable to High CO2 (470 ppm)



Lalat

Khandagiri

Swarna

Swanra Sub 1

OTC-8

660 ppm CO2



LalatKhandagiriORS 350 ORS 358

Date of Showing 5/12/2010



What to do?

Assessment of Photosynthetic efficiency  in Khandagiri, 

Lalat, ORS 350,  ORS 358 under in vitro condition (470 ppm 

-25% increase above ambient) and validation.

Nuclear DNA profiling of rice var. Lalat, Khandagiri, ORS-

350, ORS-358 in high CO2 (470 ppm) using ISSR, SSR 

markers establishment.

Isolation of cpDNA and its profiling using DNA markers.

Cloning of  specific DNA markers



 To increase the poverty line of the local inhabitants those who depend on 

mangroves for their fuelwood, timber and fodder requirements even if 

collection is illegal.

 To check the increasing population, resulting in more pressure on 

mangroves.

 Prompting education and awareness regarding the importance of 

mangroves, and ignorance of rules and regulations regarding 

conservation of mangroves.

 Proper planning of development activities such as aquaculture, 

agriculture, construction for human habitation, mining and 

industrialization.

Conclusion and Recommendation



 Alternative arrangement of fuelwood, timber and fodder at 

affordable prices;

 Systematic survey of the area and the ownership of the land 

under mangroves, facilitating encroachment on this land.

 Proper mapping of scattered geographic distribution of 

mangroves.

 Increase of  government staff and other infrastructure and 

involvement social forestry programme of local people.

Conclusion and Recommendation



Thank You !!!


