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Technologies & Know-how 

Biotechnologies: BT COllon technology, Ti sue 
culture protocols for trees, ornamental and meuicmal 
plants 
Herbal Technologies: IIcrbal dry colours. Herbal 
beer. Herballipslick. Herbal heallh drink. ro-dental 
care. Brnin tonic. Anti-arthritic. Anticigarette. Nutri ­
jam, Antic ugh & Antipyretic herhal formulation , 

nryme based anti-oxidant teciulologies. Herbal 
hlack dye, Health protectIve nutraccutical 
formulations, Ncem-buscd pesticides & fertilizers. 
Microbi I Technologies: BllCillu and Trichodermll 
based microhial technologies. Rhi:::obiwlI and 
phosphate solubilisi ng bacteria based lethnology 

ocietal benefit technologies/Know-how: Organic 
cu ltivation, Dehydration of nowers. Cultivation of 
Jatropha cZO'cos for biodiesel, High Tech Nursery 
technolog-ics, Nl:cm based products, BIOmass 
gl;neration, lmproved varielle. or medicinal and 
industrial plants (Opium poppy. Chrysanthemum. 
Gladiolus, Amaranth, etc), Betelvine cultivation. 
Phytorl;mcdiallon. Ecotoxicology. Re lamation of 
pollutcd water bodies and .( dic .'oil , etc. 

DESIGNING uPLANTS fOR fUTURE" 

By Exploring ew Frontiers in 
• 	 Plant biodiversity assessment, 

documentation & conservation , 
Prospecting plant diver ity for genes 
and metabolic networks for drought 
tolerance 

• 	 Developing transgenic crops of 
interests to agriculture & indu try 

• 	 Pathway engineering and system 
biology 

• 	 Discovery and preclinical studies of 
new bioactive molecules 

• 	 Remediation , ecorestoration and 
cleanup of contaminated soil and watcr 
resources 

• 	 Exploitation of rudia's rich microbial 
diversity 

• 	 Plants and plant product for health, 
agriculture & enviromnent 

• 	 Partnerships with herbal & agribiotech 
industries 

National Facilities 
• 	 National repository of botanicals: 

higher & lower plants, Botanic Garden, 
Floricul ture, Herbarium 

• 	 Plant Genomics Centre and Central 
Instrumentation Facilities for genomic 
and natural products analysis 

• 	 NABL Accreditation by DST for 
performing tests in accordance with 
ISOlTEe 17025 

For details please contact: 
Director 


National Botanical Research Institute, 

Rana Pratap Marg, Lucknow - 226 001, U.P. (India) 


Pbones: EPABX: 220583f to 35, 220583H, 2205841-42. 2205845-46 

Dir (Off.): 2105848. 2205839; Fax: 0522-1205 36.2205839 


Web ite: www.nbri-Iko.org; E-mail: director@mbri.res.i n .dol.ficcnbri@sify.com 
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Dear Delegates, 

On behal f of National Botanica l Research Institute (NBRI) and South 
Asia Co-operative Environment Programme (SACEP), I extend a very 
warm welcome to the distinguished delegates and guests who ha e joined 
us for the International Workshop on CUmate Change & its Impact on 
Flora in the South Asia Region being held at ~ BRI, Lucknow. We are 
greatly privileged to have with us some of the eminent experts, 
profe sionals and administrators from India and neighbouring countries to 
deliberate and discuss the key issues of climate chang and its impact on flora and vegetation 
in the South Asia region. BRI takes pride in hosting such an important Workshop. 

BRI is a multi-disciplinary plant research institute under the umbrella of Council of 
Scientific and I ndustrial Research (CSfR), New Delhi . Established in 1953 as National 
Botanic Gardens, the Institute was renamed as National Botanical Research Institute in 1978 
to re flect its national role in conserving plant wealth ofI ndia and catalysing creative research 
in growth, development and economic utilisation ofplants. Over the years of its progressive 
growth, NBRI is now a front ranking national centre of excellence for basic and applied 
research in advanced areas of plant sc iences. The institute has a wholesome expertise in plant 
biodiversity, biotechnology, bioinformatics, and environmental biology. NBR I is known for 
its outstanding contributions to enrich the knowledge base on India' plant diversi ty, 
particularly in developing globally competent biotech and transgenic technologies, herbal 
products and bioremediation technologies. The Institute is an impOltant national repository of 
plant divers ity in lnetia. 

The impact of climate change i manifested by the shrinking glaciers, lengthening of 
mid-to-high-latitude grow ing seasons, pole-ward and al titudinal shift of plants, decli ne of 
some plant populati ons, abrupt changes in phenology of flora , etc. The li fe support systems 
on carth. including water resources, agricultu re, fores try, coastal zones and marin sy 'tems, 
are all susceptible to climate change. Many plant species are respondi ng to cl imate change by 
advanc ing Lhe onset ofleafburst. flowering and fruiting, and delaying leafdrop. These events 
could ad 'ersely affect plant species with specialized pollinators and seed dispersers. 

Climate change is a vital and widely debated issue at global con entions, world 
summits, intemational conferences and symposia. The assessment of impacts of climate 
changes on natural ecosystems requires more accurate scientific modelling and fi eld studies 
at regional level. I am sure, this workshop will provide an ideal platfonn to initiate inter­
disciplinary work among experts in outh Asia to pool their resources knowledge and 
information related to climate change, and develop appropriate strategi c action t ssess the 
impacts of climate change on flora and vegetation of South Asian region. The workshop 
should evolve into an important forum to co-ordinate with global agencies to address the 
climate change challenges to flora in South Asia. It should guide and lead work on the 
preparedness needed to face the climate change through adaptive and mitigative strategies. 

On behalfofNBR! and SACEP, I once again welcome you all to this important event. 

\U 'T-{" 
(Rakesh Ttdi) 

Patron, Organizing Committee 
& Director, NBRl 



Dear Friends, 

As you are aware, the "International Workshop on Cli mate Change & its Impact on 
Flora in the South Asia Region" is being organized jointly by National Botanical Research 
Institute (NBRI), Lucknow, India, and South Asia Co-operative Environment Programme 
(SACEP), Colombo, Sri Lanka during March 9-12, 2008 at NBRI Lucknow. NBRI, a 
constituent laboratory of the Council of Scientific & Industrial Research (CSIR), 
Government ofIndia, is a leading R&D Institute in the field ofplanl sciences. SACEP is an 
intergovernmental organization, established in 1982 by the overnrnents of various 
countries ofSouth Asia to promote and support protection, management and enhancement of 
environment in the region. The Govt. of India through CSIR, Department of Science & 
Technology, Department of Biotechnology and Ministry of Environment & Forests is co­
sponsoring this workshop. An international advisory committee, with some of the most 
reputed and highly disti ngu ished environmental and plant scientists. has been constituted to 
guide and ad vise the Organiz.ing Committee in planning and holding thjs workshop. 
Delegates are coming from Afghani stan, Bangladesh, Bhutan, India, Maldives, Nepal, 
Pakistan and Sri Lanka. 

This workshop aims to provide an international forum for serious scientific discussion 
and deliberation to develop projection on climate change and its impact on the flo ra in 
various countries of South Asia. We hope that the deliberations will offer the new 
information about the recent devel opments in various works being carried out on the cl imate 
change impact on vegetat ion. The workshop will prove to be a milestone in the calendar of 
the climate change research . The participants will offer you the latest information regarding 
the scenario ofclimate change in different South Asian countries. 

The organizing committee has been working tirelessly and making sincere and 
susta ined efforts to make your participation enjoyable, memorable and fruitful. The 
committee is privileged and honoured to have the eminent personalities as advisers, who 
helped us in shaping Ibis workshop. We gratefully acknowledge the contributions of Prof. 
1.S. Singh for his valuable suggestions while initiating this venture. 

This workshop deliberation is aimed to bring out some strategic issues to combat 
climate change . We invi te suggestions from the participants to evolve a regional decl aration 
and recommendation for developing a regional approach to study the effect of climate 
change on plant growth and development. 

We exp ress our sincere and profound gratitude to all the esteemed members for their 
SUppOlt which hel ped us to discharge our duties as the organizing secretaries of the 
workshop. 

(Nandita Singh) (R.D . Tripathi) 



~ 
'l1ffif ~ 

PRESlDENT 

REPUBLIC OF INDIA 


~) 
Pratibha Devisingh PatH 

I am happy to learn that the ational Botanical Research Institute (NBRI) Lucknow 

and the South Asia Cooperative Environment Programme (SACEP) Colombo are jointly 

organizing an International Workshop on Climate Change and its Impact on Flora in the 

South Asia Region. 

Climate change is a matter of concern particularly for the countries of South Asia, 

which are vulnerable to its potential impacts. This Workshop could be a milestone for 

implementation and promotion of sustainable development to address issues related to 

climate change. Priority should be given to sustainable development, keeping in view the 

fact that those with the least resources have the least capacity to adapt and are the most 

vulnerable. 

On this occasion, I extend my greetings and felicitations to all those associated with the 

NB Rl and wish the Workshop every success. 

New Delhi ~dj~ 
March 4, 2008 (Pratibha Devisingh Patil) 



South Asia Co-operative 
Environment Programme, 

Colombo, Sri Lanka 

Dr. Arvind Anil Boaz 
Director General 

It is in fulfi lment of our Governing Council decision on including the Adaptation to 

C limate Change as a Priori ty Issue in the Work Plan of SACEP that this Workshop is being 

held in close collaboration with the NBRI, a Premier Institution ofour SouthAsi an Region. I 

have wanted to organize this workshop on climate change adaptation for quite some time. 

The felt need is particularly because of the growing recognition of the links between 

preventive measures and augmentation to increase resilience of productive natural systems; 

especially when susceptibility appears to be increasing along with the randomness and 

intensity of perturbations. 

Worldwide, temperatures have risen by 0.6°C over the past 40 years and are predicted 

to rise by 2- 6°C over the next century. Precipitation patterns have also changed - some places 

are receiving more rain than they did in the past, some places less. Evidence of climate 

change are evident through the shrinking glaciers, lengthening of mid-to-high-Iatitude 

growing seasons, pole-ward and altitudinal shifts of plants, decl ine of some plant 

population , earlier flowe ring oftrees etc. Natural systems are vulnerable to climate change 

and some will be irreversibly damaged due to the limited adaptive capacity, the examples are 

mangroves, boreal and tropical forest, prairie wetlands, native grasslands and biodiversity. 

Besides this, many human systems are also sensitive like the water resources, agriculture, 

especially food securi ty, forestry, coastal zones and marine systems. 

Plant responses to climate change depend upon - species and cultivars, soil prope11ies, 

pests and pathogens, the direct effect of pollutants - CO2, 0 3, methane etc. on plants, 

interactions between pollutants, air t mperature, water stress, minera l nutrition, air quality 

and adaptive responses. 

Climate change is already impacting plants and altering the structure of plant 

communities . Species that are particularly vulnerable to climate change include those with 

limited ranges and dispersaJ abilities. Many plant species are responding to climate change 

by advancing the onset ofleafburst, flowering, fruiting, and delaying leafdrop. The growing 



season is lengtheni ng. The earlier onset of bud burst, flowering, and fru iting could have 

maj or impacts on timing-sensitive relationships with pollinators, seed dispersers, and 

herbivores. Events that have long occurred in synchrony may become decoupled, which 

could especially impact plant species with specia lized pollinators and seed dispersers. 

Adaptation is a necessary stra tegy at all scales to complement climate change mitigation 

efforts, to reduce ad erse impacts ofclimate change and to enhance benefic ial impacts . 

South Asian countr ies show a wide range of variation in climate, alti tude and 

physiography. There is considerable divergence of opinion about the magnitude of climate 

change predi cted for this region and its effect on plants. Both climate models and 

observational studies give conflicting and hazy pictures of the effect of climate change on 

vegetation. The assessment of impacts of projected climate changes on natural ecosystems is 

not based on accurate scientific modelling or fi eid studies at regional level. 

This workshop shall expose the participants to the latest thinking on issues of 

vulnerab ility and adaptation in the context of biodiversity, agriculture and forestry due to the 

changes brought by climate change. This is regardless of efforts to reduce emiss ions of 

greenhouse gases. Be ides climate change, topics related to pollutions of land and water 

bodies and approaches based on p hyto-remediation will also be discussed. 

The inter-disciplinary nature of the work requires expert institutions to pool their 

resources, knowledge and information. It is most useful that SACEP and NBRI have been 

successfu l in bringiJlg together through this workshop the experts from neighbourhood 

countri es to reflect in an integrated fashion on the pertinent nodal issues and key questions, 

which are of direct relevance to assess the impacts of climate change on vegetation. The 

issues wil l be towards the factors influencing vulnerabil ity and the aspects related to 

plann ing for adaptation. 

May this workshop be a milestone in the issues ofAdaptation to Climate Change and 

its impact on Flora and the collaborative response by the countries of the region by bringing 

together their expertise, resources and information for the benefi t of the large population that 

is so dependent on the natural resources ofour region. 

Jwish the workshop a very big success and some very active deliberations to develop 

the strategy and the way forward fo r the South Asian Region. 

March 4, 2008 Dr. Arvilld Anil Boaz 



M.S. SWAMINATHAN RESEARCH FOUNDATION 


3'" Cross Street, 
Taramani Institutional Area, 

Chennai (Madras)- 600 113, IND IA 
PHONE:+ 91- 44-2254 2790, 2254 1698 

Fax:+ 91-44-22541319 
E-mail: chairman@mssrf.res. in . 

swami@mssrf.res.in 

Prof. M.S. Swaminathan 
Chairman 

I am glad that an International Workshop on 'Climate Change & 

its Impact on Flora in the South Asia Region' is being held at NERI.This 

is a timely initiative since climate change is likely to disturb rainfall 

patterns, cause a rise in temperatures and also affect sea levels. It is 

important to make a proactive analysis of the impact of droughts , 

floods, cyclones and sea level rise on flora. This will help to take timely 

steps to prevent genetic erosion and safeguard priceless flora. I hope the 

workshop will pro ide a roadmap for achieving the security of our 

bioresources under conditions ofclimate change. 

(M.S. Swaminathan) 

mailto:swami@mssrf.res.in
mailto:chairman@mssrf.res
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Director-General, 
The Energy and Resources Institute (TERI) & 

Chairman 
Intergovernmental Panel on Climate Cbange (IPCC) 

Darbari Seth Block, IHC Complex 
Lodhi Road, New Delhi- l 10003 

R.K. Pacbauri, Ph.D. 

I am very happy to learn that the National Botanical Research Institute (NBRI), in 
partnership with South Asia Co-operative Environment Programme (SACEP), is organizing 
an international Workshop on 'Climate Change & its Impact on Flora in the South Asia 
Region'. The Fourth Assessment Report of the Intergovernmental Panel on Climate Change 
(IPCC) has clearly brought out the major impacts of climate change that different regions of 
the world are likely to face. In the Synthesis Report of the IPCC, released in November 2007, 
some abrupt and irreversible changes were also highlighted. Among these is the possibility of 
a threat ofextinction of20 to 30 percent of the species assessed by the IPCC, if temperature 
increases exceed 1.5 to 2.5 0c. There is already growing evidence around the world of the 
adver e impacts ofclimate change on flora . 

The South Asian region being rich in diversity and aregion where society depends to a 
great extent on the healthy production and conservation of flora, is particularly sensitive to 
the impacts of climate change . It is, therefore, particularly important that all the countries of 
the South Asian region work together in understanding and investigating this area ofclimate 
change impacts and in devising solutions that would allow society to adapt to these impacts . 

I am sure the proposed workshop would produce a great deal of valuable knowledge 
that would help the countries of the South Asian region to manage the growing challenge of 
cl imate change and its impacts on flora in this region. 

I convey my best wishes to the organizers of the workshop. 

(R. K. Pachauri ) 

Tel: 24682100 or 2468211 j Fax: 24682 j 44 or 24682 j 45 E-mail : mailbox@teri.res.in 

India + 91 • Delhi (0) II 


mailto:mailbox@teri.res.in
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Planning Commission 
Yojana Bhawan 

New D lhi - 110001 

Prof. V. L. Chopra 

I am happy to learn that ational Botanical Research Institute, Lucknow, in 
collaboration with outh Asia Co-operative Environment Programme. Colombo, Sl; Lanka. 
is organising an 'International Workshop on Climate Change & its Impact on Flora in the 
SouthAsia Region' during March 09-1 2, 2008. 

Climate Change has become an area of grea t concern for all of us, as it di rectly affects 
our en ironmenl. Ri ing temperatures. erratic rainfa ll , dcterioration of soil texture, swelling 
seas, and the threat to life tonns are all linked to it. There is ample evidence to show that 
enhanced greenhouse gase 11a e al ready modified the global c li mate and have consequently 
cau cd changes in the dis tTibution of fl ora and fauna . Majority of the world's population 
depend on agricultu re for their Ii velihoods and changi ng cli mate leading to increasing floods, 
droughrs and rise in sea level has direct and adverse effect on agriculture productivity. 
Cl imate change thus has a direct linkage wi th the livel ihood of the common man and the 
survival of life on the planet Earth. It is feared that if correc tive mechanisms are not put in 
place quick Iy, it would lead to in-eversible and catas trophic effec ts on our future generation. 

The ga laxy of scientists and professional s participating in th is workshop will address 
some of the pertinent questions staring at LIS, with regard to the climate change and its impact , 
and would come up with specific sugges tions/recommendations for drawing up 
comprehensive st rategies to minimize them. 

I wou ld like to send my best wishes to the organizers and the participants and wish the 
workshop a grand success. 

v~~ 
February 25 , 2008 (V L. Chopra) 

~ : 23096708 ~ 23096586 

Telephone : 23096708 Telefax : 23096586 e-mail : vl.chopra@nic. in 


mailto:vl.chopra@nic.in


Prof. Samir K. Brahmachari 

:JJfA q Director General, CSIR 
& Secretary, 

Government of India 
COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH 

Department of Scientifi c & Industria l Research 
Anusandhan Bhawan, 2, Rafi Marg, 

New Delhi - 110001 

I am pleased to note that the National Botanical Research Institute, Lucknow, and the 
South Asia Co-operative Environment Programme, Colombo, are jointly organizing an 
Intemational Workshop on 'Climate Change & its Impact on F lora in the South Asia Region', 
during 9-12 March 2008, at Lucknow. 

The Earth's climate is changing and its impact on biodiversity and wi ldlife habitats 
across the planet is already visible. South Asia has an exceptionally rich biological diversity 
and the history offauna and flora ofl his region is tied closely to any climatic change. Due to 
the global climate change, nearly half of the South Asia's biodiversity is at risk and any 
further unchecked climate change could lead to an environmental and economic catastrophe. 
Therefore, there is an urgent need for assessment of impact ofclimate change on natura l eco­
systems by way ofaccurate scientific modelling. And this needs be done at the regional level, 
as the South Asian countries, induding India, show a wide range of variation in cl imate and 
related parameters. 

In this scenario, this international workshop is very timely and relevant. I am sure, this 
\:vorkshop would provide an ideal platform to help evolve a suitable strategy for the expert 
institutions in South Asia to pool their resources, knowledge and infonnation related to 

~~--. 

climate change in order to assess the impact of climate change on regional flora and 
vegetation. 

I wish the event all success. 

New Delhi 
..~It.... ;;7 tL .. ~~~.v 

March 4, 2008 (Samir K. Brahmacbari) 

Telephone Office 23710472. 23717053, Fax: 91-11-23710618, 

Residence: 91- J 1-64519928.26834596 E-mail: dgcsir@csiues.in & dg@csir.res.in 


mailto:dg@csir.res.in
mailto:dgcsir@csiues.in
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SECRETARY 

GOVERNMENT OF INDiA 
MINlSTRY OF EARTH SCIENCES 

'Mahasagar Bhavan' Block-i2, CG.O. Complex, 
Lodhi Road, ew Delhi-II 0 003 

Dr. P.S. Gocl 

International Workshop on 'Climate Change & its Impact on Flora in the South Asia 

Region'i being organized by NBRI in association with SACEP on 09-12 March 2008. In 
fact, I would like to congratulate you for choosing this important area as a consequence of 

climate change for eliciting international thinking. I would have very much liked to come 

over but due to prior commitments on account ofBudget Session ofPariiament, I shall not be 

able to leave headquarters. Accordingly, I regret my inability to join. However, I take this 

opportunity to wish all success for the deliberations of the Workshop. 

Wi th wann regards. 

~ 
February 21,2008 (P.S . Goel) 

Te l. : 00-91-11-24360874, 24382548 Fax No : 00-9 1-11-24362644/24360336 

E-mail: dodsec@dod.delhi .nic.in 


mailto:dodsec@dod.delhi.nic.in


University of ucknow 
Lucknow-226 007 

(U.P.) India 

Prof. A.S. Brar 
FNASc. 

Vice Chancellor 

It gives me immense pleasure that an 'International Workshop on Climate 

Change and its Impact on Fl ora in the South A ia Region' is being organized 

jointly by the National Botanical Research Ins titute (NBRI ), Lucknow and 

South Asia Co-operative Environment Programme (SACEP), Colombo, Sri 

Lanka, during March 9-12, 2008 at NBRI, ucknOw. 

The efforts of the NBR I and South Asia Co-operati e Programme 

(SACEP), Colombo are expected to provide an International forum for 

de liberations to develop projections on cl imate change and a souvenir is also 

being pub lished on th is occasion. Thope the souvenir will be very useful for the 

distinguished guests and delegates. 

I congratulate delegates and guests who will deliberate on the issue; ;n 

this International Workshop and give useful recommendations on the climate 

change. 1 extend my good wishes for the success ofthe souvenir. 

~ 
February 22, 2008 (A.S. Braf) 

Telephone Office 0522-2740467, Res. 2740462 Fax' 0522-2740467, 2740462 

E-mail vc@lkouniv.ac.in 


mailto:vc@lkouniv.ac.in
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Indian Institute of Toxicology Research 
(Fonnerly Industrial Toxico logy Research Centre) 

Mahatma Gandhi Marg Post B ox No. 80 
Lucknow - 226 OOl (U.P.) India 

~J 
Dr. Ashwani Kumar 

Acting Director 

I am extremely happy to note that the International Workshop on 'Climate 

Change & its Impact on Flora in the South Asia Region' is being held at National 

Botanical Research Institute. Lucknow. Lucknow is a scientific hub with a large 

number of research insti tutions, and universiti es. It is a timely ev nt, as global 

warming has become an important concern all over the world. This workshop will 

help in evaluating the probable consequences of such a climate change and its 

impact e pecially on flora of the region and subsequently suggest remedial 

measures to overcome its effects. 

I wish the workshop a grand success. 

~JvwwM ~ 
(Ashwani Kumar) 

Phone: office: +9 1-522-2621856 , 26 13357 , 2628227 

Telegram: INTOXI Tele-fax + 91-522-2628227 Lab :2616762 


Webs ite: httpllwww.itrcindia.org E-Mail : direc tor(a) itrcindia.org;ashwan i26@rediffmail. com 

'Residence: +9 [ -522-2422 J 67 


Accrcdited hy '1ABL for chcmicll\ and biologiclll testing 

mailto:director(a)itrcindia.org;ashwani26@rediffmail.com
http:httpllwww.itrcindia.org


National Environmental Engineering 
Research Institute 

Nehru Marg, Nagpur - 440 020, India 
Tel: +91-7 12-2249999 
Fax: +91-712-2249900 

Dr. Tapan Chakrabarti 
Acting Director 

In the fourth assessment report of IPCC (JPCC AR4) the rise in mean annual surface 
air temperature all over the glob is projected to be in the range 1.4 to 5.4 °c and for South 
East Asi an region the range is 1.5 to 3.6 0c. The predicted impact ofclimate change is mainly 
manifested by the shrinking glaciers, lengthening of seasons, altitudinal shifts of plants and 
decline ofplant populations. Many plant species respond to climate change by advancing the 
onset of leaf burst, flowering and fruiting and delayed leaf-shedding. Natural systems are 
also vulnerable to climate change. Besides, the life support systems on earth, coastal zones 
and marine systems are also susceptible to the impacts ofglobal climate change. 

Climate change is a vital and widely debated issue globally. South Asian countries, 
including India, show a wide range of variation in climate, altitude and physiography. The 
assessment of impacts ofclimate change on natural ecosystems would require more accurate 
scientific modelling or field studies at various levels . 

The issu S ofvulnerability and adaption ofbiodiversity, agriculture and forestry due to 
climate change will be discussed in this Workshop. This will be an ideal forum to share the 
knowledge and information related to climate change. The deliberations and discussions in 
the Workshop would certainly assist in developing appropriate strategic action plans to 
assess the impacts of climate change on flora and vegetation and promote mitigation and 
adaptation mechanism to climate change in South Asian countries. 

This is extremely important and is being organised by NBRI, Lucknow, at an 
appropriate time. I wish the Workshop all success! 

4k..' ~ I. 
February 20,2008 (Tapan Chakrabarti) 



Biotech Park in Biotechnology City, Lucknow 
'VVhere Cutting f£dge Science Prospers 

(Promoted by Department of Biotechnology, Government of India and 
Department of Science & Technology, Government of .P.) 

Chief Executive Officer 
Biotech Park, Lucknow & 

Former Director, ITRC 
Sector-G, Jankipuram, Kursi Road 

Lueknow - 226021 (U.P.), India 

Prof. P.K. Seth, Ph.D 
F A e, f A,FAMS 

ram extremely happy to learn that National Botanical Research Institute (NBRI) and 
South Asia Co-operative En ironment Programme (SACEP) are organ izi ng an International 
Workshop on Climate Change & its Impact on Flora in the South Asia Region from March 9 
to 12,2008 at NBRI, Lucknow. 

Climate change is occurring continuously over the time, but it has become an 
internationa l issue when scientists agreed on 'global wanning' and started drawing future 
scenario impacts with their research experiences. Now, the atmospheric concentration of 
greenhouse gases (GHGs), especially carbon dioxide, has exceeded its previous rate in last 
650,000 years and caused the rise of global temperature by O. 74°C over the past 100 years and 
ifit so continued, it is ob io us that present cl imate is bound to change and impact all spheres 
oflife directly or indirectly. 

The whole world is in our hands--the outcome and existence of life wi ll be determined 
by our actions. This is our opportunity to make the Earth, a better place. In this contex t, the 
pre ent workshop assumes a great signifi cance . Tam sure the outcome of the workshop will 
go a long way in drawing some tangible action plan. 

I wish all success to the workshop and congratulate the organizers for selecting such an 
important topic ofcurrent interest. 

~\\ 

March 3, 2008 (P.K. Seth) 
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South Asia Co-operative Environment Programme 

(SACEP) 

An Overview 
South Asia Co-operative Environment Programme (SAC P) is an int r-governmental 

organization, established in 1982 by the Governments of South Asia to promote and support 
protection, management and enhancement of the envi rorunent in the region . Eig t counlnes, 
namely; Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan and Sri Lanka 
have rati.tled the Articles of Assoc iation ofSACEP. All member COllntne of SACEP belong 
to the developing world, and five have been class ifi ed as least developed. Most of these 
nations share many simil ar environmental problems, stemmi ng from poverty and its 
con equences on natural resources. 

Since its incep tion, SACEP has promoted sustainable development in the region by 
implementing a number ofprojects and programmes in the fi elds of environmental education, 
environmental legislation, biodiversity, air poliution, and the protection and management of 
the coastal environment with the assistance of various bilateral and multilateral funding 
agenc ies. It is a multilateral organization registered with the UN Secretariat in accordance 
with article 102 of the chalier of the nited Nations. Its mission is to promote and support 
protection, management and enhancement of the environment in the region. 

SACEP is hosting the South Asian Seas Programme which is one oHhe eighteen regional 
seas programmes of the UNEP. The Male Declaration on control and prevention of air 
po llution and its likely transboundary effects for SQuth Asia is another significant effort 
which encourages intergovernmental cooperation to combat the transboundary air pollution 
problem. SACEP has long term experience of working in collaboration with several 
multi lateral and bilateral agencies and number of oUs signed with organizations viz. U EP, 
WMO, UNESCO, I N, [MO, rCRAN , UNEP-GPA, SAARC, TRAFFIC, RECOFTC, 
TRADA. etc. 

Vision and Objectives 
The SACEP was created to fulfill a vision based on the following five assumptions: 

I. 	 The types and scales of environmental degradation taking place in the South Asian 
Region is positively dangerous not only to economic development but also to the 
survival of the humans inhibiting it. 

2. 	 The greed of the rich and the needs of the poor continue to cause irrevocable damage to 
the fragi Ie ecosystems and their ability to regenerate themselves. 

3. 	 There is an urgent need to reduce environmental degradation and pollution, while giving 
equal emphasis to the elimination of the root causes of environmental degradation such 
as poverty, over population, over consumption and waste production. 

4. 	 Environment and development are two sides ofthe same coin and therefore integration of 
environmental concems in to development activities should be recognized as an 
essential prerequisite to sustainable development. 
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5. 	 The ecological and development problems of the South Asian Region transcend national 
and administrative boundaries; hence co-operative action is ne ded to efiectively 
address them. 

Functions 
The functions of SACEP are to promote co-operative activates which would be 

beneficial to member co untlies in priority areas of mutual interest, facilitate exchange of 
knowledge and expertise and provide local resow-ces for implementation ofpriority activities 
whi le mobilizing maximum constructive and complementary support from donor countries 
and agencies. 

Organizational Arrangement 
The Secretariat i. based in Colombo, Sri Lanka. Colombo Declaration and Artic les of 

Association of SA EP constirute the legal basis for SACEP. The princip e organs of the 
governance structw-e (organization structw-e) of SACEP are the Governing Council (G ), 
Consultative Committee (CC) ational Focal Points (NFP), Subject Area Focal Points and 
the SACEP S cretariat. 

Bang adcsh India Nepal Sri Lanka 

. Bhutan Maldives Pakistan 

Af~,""m~~ / // 
Principal Review and Representation b~' Ministers 

Deliberative Body Governing of Environment 
CouIlcil 

1

Responsible to facilitate Representation by 

implementation of Consultative Diplomatic Missions 
Programmes and in Colombo 

Policies determined by Committee 
lhe Governing Council 

! 

Subject Area 	 National Secretariat +­Focal Poin ts -. 	 Focal Points 

Direclor General and 
support staff assist the 

Council, the Committee Headquarters il) 

Subject Area Focal 
 Colombo hosted 

Points and the National by Government 

Focal Points in the 
 of Sri Lanka 

discharge of their 


responsibilities 
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In accordanc with the Articles of AssocIation, the Organ izational alTangement 01 

SACEP is made up of five main sub units; The Governing Council, Consultative Committee, 

National Focal Points , SubjectArea Focal Points and the ecretariat. 

National Focal Points 

Each Member State has designated a National Focal Point to ac ilitate the work of the 

Secretariat and to function as th main communicat ion link between the Secretariat and the 

re. pective country. National Focal Points are expected to implement and monitor national 

programmes in co~operation with the Secretariat. 

Recent Milestone Events ofSACEP 

The emergence of The South Asian Co-operative Environment Programme was the 

cu lmination of 0 ears of deliberation by the co untries concerned, on the feasibi lity of regionai 

co-operation on environmental oriented development acti vities . Following are the milestone 

events of SACEP from 2005 to 2008 in its efforts fo r regional co-operation in environment 

protection and management ofthe South Asia. 

Year Events 

2005 • 25" August, Thimphu, Bhutan - Third Intergovernmenta l Meeting of Minis ters 
of SAS 

• 25t 
" August, Thimphu, Bhutan - N inth Governing Council Meeting of SA ~EP 

• 3 - 6th October, Chennai - Regional Workshop on measures to collect, handle, 
treat and dispose off waste generated in applying AFS 

• 5 - 7th October, Colombo - EP/SACEP/FIELD South Asia Workshop for 
MEA Negotiators 

• 22 11d ovember, Colombo - Signing of MOU with World Meteorological 
Organization 

• 121h December - MOU bet\\reen U EP Regional Office on SACEP and SFNRIC 
Activities 

• 16th December, London - Signing of Letter ofAgreement with International 
Maritime Organization ensuring maximum co -ordination of work and activities 
of common Interests 

2006 • 16 - 20th January - Colombo Regional Sem inarlWorkshop on Ratification and 
Implementation of The OPRC -HNS Protocol, The AFS Convention and 
Identification and ESlablishment of PSSA's 

• 9th May - MOU under Phase III Implementation of Male Declaration on Control 
and Prevention of Air Pollution an d its Likely Transboundary Effects 

• 27
th 

July - EU Project on Long term Management and Conservation of Marine 
and Coastal Protected Areas in South Asia - MOU signed with UNE P GPA 

• 9tb August - MOU between SACEP and IUCN World Conservation Union Asia 
Region on Complementary and Mutual Support 

• 18 ­ 28
th 

August ­ Colombo South Asian Games - Waste Management Campaign 
• 18

th 
September - Observance of Coastal Cleanup Day under the Marine Litter 

Project 
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28 11127 - Septem ber, Colombo - SACEP - ICRAN Regional Resource Co 

ordination and Mobilisation Workshop on Long term M anagement and 
Conservation of arine and Coastal Protected Areas in South Asia 

• 	 25 th October - , igning of Contract with the Royal Belgian Institute of atural 

Sci nces (RBINS) on "Capacity Building for the Clearing House Mechanism of 

the Convention on Biological Diversity in South Asia, through informing the 

Public and Training Post Graduate Students: A Case Study for Sri Lanka" 

27 November - 1sl December - Basel Convention COP 8 Decision on 

Establi shment of a Regional Centre at SACEP 

2007 • 	 1011 January - Scoping Exercise on Adaptation to Climate Change held in 

Colombo , S ri Lanka. 

• 	 January Chelmai - Workshop on Livelihood Application under th e SAC EP ­
ICRA Regional Resource Co -ordination and Mobilisation Workshop on Long 

term Management and Conservation of Marine and Coastal Protected Areas in 

South sia 

• 	 CHM Workshop w ith Royal Belgium Institute for Post Graduate Students , March 
26-29 , 2007. 

• 	 ST DA funded UNEP -SACEP Male Declaration Project, the National Stakeholders 
torum of Sri Lanka was held on 12 lh June 2007 at the Auditorium of the Centra l 

nvironmental Authority of Sri Lanka. 

• 	 A School Environment Awareness Programme on SACEP's priority ar eas was 

conducted in Sri Lanka in collaboration with the CEE, wi th the participation of 

several schools in Colombo municipal area. The Award ceremony was held on 

16th of July, 2007 at the Mahaweli Center Auditorium, Co lombo 07 . 
• 	 Second Regional Workshop was held from 25 - 27 July 2007 workshop titled 

"Regional Resource Coordination and Mobil sation Workshop for the Long -term 

Management and Conservation of MCPAs in South Asia" 

• 	 A Regional Workshop on Development of a Regional Activity on Marine Litter 
for the South Asian Seas Region was held on 20 - 21 August 2007 in Colombo, 

Sri Lanka. 
• 	 Lstablishment of BASEL Convention Regional Centre at SACEP - September 

2007, Open Ended Working Group at Hague 

• 	 Market Based Instrument Study, Sri Lanka with support from UNEP -GPA 
• 	 U. [ SCO - SACEP Gulf of Mannar Workshop, Chennai, 21 -22 Sep, 2007 
• 	 U ESCO SACEP MoU for CHM Workshop 
• 	 First coord ination meeting of the South Asia Coral Reef Task Force (SACRTF )" 

Un ler the European Union (EU) funded project, Preparations are made to hol d the 
first coordination m eeting of the South Asia Coral Reef Task Force (SACRTF) on 
21 sl December 2007 . 

• 	 Variou ' Mo s - ESCO, TRAFfIC, TRADA, RECOFTC, UN ' P for mutual 
collaborahons 

• Scoping Excr ise on E -Wast' Management in South Asia. New Delhi, India, on 

1-__ :....: 0-'--'-. _ _-r_---=2 1sl Dpc,-2~07____

2008 • 	 South Asia Regional Strategic Plan on Wildlife Trade has been drafted. A 

Ministerial meeting to initiate the process of Regional co -operation and 

Developing Regional Strategy and Action Plan held In January 2008 in 
Kathmandu, Nepal. 

Souvenir & Abstracts 20 



Recent Publications 

AJetJ Hid RI~'~r Bd!ii ll Mdnagefl lCfIl II" tl lo 

$(.( ftn A&'dn Se.ls Re~un Ct<!3rHlb Indl", 1h. '; 
f eJl(l t' ~-1' l;(1n pt1 ilitoO 101' wQfkstll)P 

p lnr."llliI'lR':', IC,\RM CilliC ~IJ dt~ arl1 ~lIu\ 

proJecL proPQ5dls n'eSl'lItfo'C1 (It !tJl \ WO'i',St\Qp • 

_...... ­--_. ­-_._­
- -p---""'-' 

5ilvc Jubilee souvenir 

Workshop Report; SOIJrh A,;. Workshop for 
MEA Ncgo(UtQr>. October 2005. Colombo. 

Sri Lanka The report i... the cornpltatJoll or 
workshop proceedlllgs: and case ~1;ud~es 
preseJl(ed dt.ri ng dle workshop. 

Rerol t 01 the Workshop on Long term Mdnagement 
anr! ConservSlIon 0 1 MCPAs In South Asia held In 

Colnrnbo , 511 Lanka. II\IS report Is a compoial lO I1 of 
'",01 kshon proceedings, .. nd Coral Reef Task Force 

II,rOlrnallon presenterl "'the workshop. 

LcaOets published for Marine and Coastal Protected Areas & SOlid Waste Management progra mme for South Asia 

.. 


10th Governing Council (GC) of SACEP 
The Tenth Meeting of the Governing Council (GC) of SACEP was held In 
Kathmandu. Nepal on 25 .. January, 2007 Chief Guest, H.E. Dr. Ram 
Sharan Mahaf. (L) handing over a souvenir to the Chairman - Hon. Man 
Bahadur Vishwakanna. Dr. AA Boaz Director General of SACEP in Ihe 
center 

SACEP s igned a MoU with UNESCO Asia Region MoU 
SACEP and UNESCO signed MoU on March, 2007 Dr. A.A. Boal, 
Director General 0 f SACEP and Dr. Minja Yang,As ia representative of 
UNESCO exchanging the MoU at New Delhi on 21 sl March, 2007 
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B.R.JUNEJA 

Ex- Scientist, National Botanical Research Institute, Lucknow 

....-<;/ here was a time, and it wasn't very long ago, when the very 
C:::::!/ name of Lucknow conjured up, almost all over the North Ind ia, 
a vision of a beautiful city of nawabs (Kings), decked out in their 
majestic splendour, of their grand darbaars (courts), of courtiers and 
courtesans, of their harems, full of innumerable queens and 
concubines and guarded by eunuchs as per the muslim tradition, of 
their royal pursuits like kabootar-, bater- and patang-bazi (pigeon, 
partridge and kite-flying, respectively), cockfights, elaborately 
arranged and never-ending games of chess, of heady perfumes and 
itra, of mouth-watering kababs and biryani, of out-of-this world cuisine, 
ofdance and music mehfils, ofmushairas and romantic urdu poetry, of heart ­
warming social graces and fine etiquettes, not of the royals alone, but, of the common man as 
well , and of a leisurely pace of life in genera l. It was the time when Pahle Aap (you first or 
after you, please), nafaasat (refmement and sophistication of taste, even in mundane 
activities), nazaakat (delicacyor tenderness ofgesture and feelings) and balaaghat (eloquent 
and elegant speech) truly epitomized the social life of Lucknow. Added to all this was the 
famed Ganga-Jamuni culture of its populace, implying not merely social co-existence, but 
complete social and cultural integration of various communities and classes, inhabiting 
Lucknow, as one highly cultured people! 

Lucknow of today is certainly a metro town in its own right. It has come to have a 
population of over two million, over a dozen R&D institutions of international repute, five 
universities plus the latest addition of university of music, and number of management and 
coaching institutes , medical colleges and state-of-ali hospitals and nursing homes, 3-, 4-, 5­
star, multi-cuisine hotels, cafes and restaurants, etc. 

However, the story of Lucknow and its people neither began with its nawabs and their 
times, nor does it end with the preceding paragraphs. It is a very lengthy, but absorbing story, 
inter-woven with prehistoric events, changing dynasties, shifting fortunes, acts ofvalour and 
heroism, of patriotic fervour, of deceit and intrigue, of development and promotion of 
architecture, fine arts and handicrafts , of amusing social customs, hobbies and interests of 
unique sites and smells, of religious and communal harmony rarely seen elsewhere, of the 
pauranic, and hence sacred river Gomti, once embanking and now running through the 
middle of the town, ofprestigious seats oflearning and scholarship and, lately, of all round 
scientific and technological development ofunimaginable proportions! 
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HISTORY 

Traditional ly, the ongin of the city is dated during the period of the great epic, 
'Ramayana'. It is believed to have been founded by Lord Rama's younger brother, Lakshman, 
(ca. 1950 B .C.) after whom it was named as Lakshmanpuri. Supporting this traditional origin 
is the presence ofan ancient mound, called Lakshman Tila, to the north west of the town, Ilear 
the Hardinge Bridge. The antiquity of the town, however, is also authent icated by the 
recovery of certain archaeological objects, dating back to 7,h century B.C. , from the chance 
diggings at this mound. Recorded history, however, mentions L Llcknow a . a part of the mighty 
Koshala kingdom, which flourished during the first and second centuries B.C. 

Another view, however, links the origin ofLucknow to an architect named Lakhna who, 
sometimes during the medieval period, built a fort, at the site where now stands the present 
Chtrapati Sahuj i Maharaj Medical University (£I m1erly King George's Medical college) and 
which came to be known as QUa Lakhna. Gradually, a township grew up around the fort and 
this began to be called Lakhnau, rep lacing the old name Lakshmanpuri. Lakhnau was later 
anglic ized by the British, as Lucknow. 

Akbar's historian, Abul Fazl , is all praise for the Lucknow environs and its climate, its 
flowers, fruits and other cultivations, particularly, different varieties of rice, which were 
matchless for thei r whiteness, freshness, fragrance and taste. Lucknow immensely gai ned its 
political importance when Nawab Asaf-ud -Daula, the builder of Great (Bara) Imambara, 
shifted the capital of Avadh from Faizabad to this town and since then it has enjoyed this pr ­
eminent position in one form or another. A ter independence also, Lucknow was made the 
capital ofUttar Pradesh, the largest State in the country. 

During the firs t war ofIndependencc, misnamed by The British as the Sepoy Mut iny of 
1857, along wilh Del hi, Meruth and Kanpur, Lucknow was a major battle front between the 
patriotic Indian soldiers and the British forces. The 87-day long siege ofthe Bri tish Residency 
is a well-known episode in the annals of the battle of Lucknow and bears eloquent testimony 
to the grit, determination and organization of the freedom fighters . The battle front of 
Lucknow remained active for almost full one year and finally fell to the British by mid-March, 
1958. The victorious British forces behaved no better than the notoriously barbaric soldiers of 
the likes of Changhez Khan, Timur Ling and Ahmed Shah Abdali and indulg d in large-scale 
looting of palaces and manshions, vandalism anci genocide. inally, with the British Crown 
taking overthe admini tration of lnci ia, on November I , 1859, Lucknow became a major city 
ofBritish India. 

mSTORICAL MONUMENTSAND OTHER BUILDINGS OFTOURIST INTEREST 

Most of the historical buildings of Lucknow were constructed within a short pan of 
about 100 years during the nawabi era and the construction materials mostly used were brick 
and mortar instead ofstone and marble. And it goes to the credit of the architects ofthat period 
that these bui ldings have withstood the ravages of time remarkably wel l. A brief accolmt of 
the notable historical monuments and other buildings of interest is given below:­

The Rumi Darwaza : Rumi Darwaza (gate) is to Lucknow what the Gateway of India is to 
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Mumbai. the symbol of the city ! Bu iltdu ring 1784-86, and designed 
to replicate one of the gates f Constantinople, it stands abou t 20 
metres high and straddles the main road leading to the Bara and 
Chhota Imambaras. 

The Bara (big) Imambara : Bu il t by nawab Asaf-ud-Daula in 
1784, thi s grand bu ilding impresses one wi th it · sheer expanse and 

higb terraced approach. 
lls grand hall , without 
any support of any sor t, 
except its 4 .5 m ( 16 fee t) 
th ick walls measures 
49.5m x 16m x ISm (162 rt x 53 ft x 50 ft) and is the 
largest vaulted hall in the world! Its whispering 
gallery and the Bhool Bhulaiyaan (labyrinth) are 
additional aLtraclions. The nowab and hi. queen 
are buried here. [ts construc tion is said to have 

been sra rted by the nawab as a charitable gesture, to provide means ofl ivelihood to the people 
o fLu cknow, which had been hit by the worst fa mine during his reign. 

The Chhota (small) or Hussaini Imambara ; Situated 
close to the Bara Imambara, Chhota Imambara is 
comparatively much smaller, less old and less grand. but, 
more picturesque and has verses from the Qw-an inscribed 
all over it. Imported, folding glass chandel iers, gilt-framed 
mirro rs, silver pu lpit, fine specimens of Arabic and -rdu 
cal ligraphy and a few other curio pieces are its added 
attractions. K ing Mohammed Ali Shah and his mother are 
buried here. [n the coultyard of this Imambara is a raised 
water tank, which is tlanked, on either side, by a small 
replica of the Taj Mahal ! 

The Picture Gallery: Originally built as Baradari (a rest house wi th 12 doors) and situated at 
a 'hort distance away from the Chhola lmambara, it is in poor condition now, but the 
co llection ofwell maintained, life-size oil portraits ofall the nawabs ofAvadh, housed here, is 
wOlth a visit. 

The Residency : The constmction of th is famous 
buildi ng, on a mound overlooking th ri ver Gomti, was 
taken in hand by Asaf-ud-Daula and completed by 
nawab Saadat Ali K han in 1800. Originally meant to be 
a rest house fo r the English visitors. it became the 
pennanent residence of the British Resident and his 
paraphernalia. Later. a number of other bui ldings and 
apartments were constructed aro und it and the whole 

-
~ 
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campus beca me an exclusi ve Eu ropean settlement. It was heavily bombarded and damaged 
dming its siege and what remain s now are only its rui ns. Of course, Ihere is an underground 
museum housing relics of the First Warof[ndep ndence. 

The Shaheed Smarak (M artyrs Memorial) : Thoughtfully constructed opposite the 
Residency and in a well la id-out park along the Gomti bank, this candle-shaped tower of pure 
white marble was erected in the memory of al l those who laid down their live~ in the cause of 
india's independence. The white marb le flame, atop the to er is lit red at night and is visible 
as a red tlame (ofIndependence) from far and wide . It is a post-independence adw[ion to the 
worth-seeing places of Lucknow. Every year, in a very impress ive and touching 'deepdan' 
ceremony, heJd late in the evening, earthen lamps are floated in the river Gomti and prayers 
are held for tlle martyrs oflndia's rndependence. 

The Bari (large) Chhatar Manzi!: Situated almost in the ­
heart of the town, along an arterial road, this large and 
spacious mansion draw its name from the golden 
umbrella, a sign of regal splendour. fi tled on its top . Right 
opposite it was constructed the Chhoti (small) Chhatar 
Manzil and both these manzils or mansions were used as 
the roya l harems. Bari Chhatar Manzil had an ingenious 
device for cooling it during summer and it consisted of a 
network of underground chambers, which were fi lled with the Gomti water, drawn in through 
pecially laid-out conduits, directly connected with the river. It now houses the Central Drug 

Research Institute. 

The LaMartiniere College : Situated on the 
outskirts of Lucknow, this va t, sprawl ing building 
is unique in its concept and architectu re. It was bu il l 
aroLlnd 1800 by Lord Claude Martin, a French 
general, who had come to Lucknow as a small-time 
soldier and rose to become one of the richest men of 
that time. He wanted it to be his lordl y mansion but 
died before the buildi ng was completed. He, 
however, had the consolation ofgetti ng buried here. 

He had willed the building to be used as a model educational institution and that i: what it has 
come to be. 

The Vidhan Bhavan or the Council House : A very 
fi ne and impressive example of fusion of eastern and 
western styles of architecture, and made of Mirzapur 
sand stone, the Vidhan Bhavan bu ild ing is, 
comparatively, of recent origin, having been built in 
1922. It houses the bicameral legislature and the 
secretariat of the State Government and lies along the 
local highway, the Vidhan Sabha Marg. 
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The Charbagh Railway Station: It is the main 
ra il junction of Lucknow and its build ing, 
constructed around the same time as the Vi dhan 
Bhavan, is considered to be one of the most 
beautiful among those of the other railway 
stations of the country. Again, a brick and mortar 
structure, its old-worldly architectural grandeur, 
wi th symmetrical small minarets and domes of 
different sizes, make it a very attractive and 
impressive building. 

The Globe : A huge globe in concrete, 
arched by zodiacal signs and supported by a 
fish placed in the m idst of a watcr pond, is a 
modern landmark of Lucknow. A gi ft by an 
erstwhile mayor of the town, it is situated in 
a rather obscure comer of the Begum Hazrat 
Mahal Park, opposite the Chhot; Chhatar 
Manzi!. It is put in rotation on certain 
occas IOns. 

The Shri Ram Krishna Temple : The 
latest addition to the worth-seeing buildings of Lucknow is the Shri Ram Krishna Temple, 
built recently within the Ram Krishna Math at Nirala Nagar. The temple has the architectural 
beauty of its own, built in a typical temple style ofB ngal, but with a touch ofmodernity. 

PARKS AND GARDENS 

Lucknow has always enjoyed the reputation ofbeing a city ofparks and gardens and a large 
number of its localities and bazaars are named as such e.g. , Alam 8 agh, Charbagh, Kesar 
8agh, Lal 8agh, etc . J[owever, most of the parks and gardens, lovingly laid out here by the 
nawabs of Avadh, have gradually faded away, and in their place several new parks and 
garden-cum-amusement parks have been established, thanks to the State and town 
admini strations and some private 
enterprises. Prominent among these are 
the B uddha Park, Haathi Park, Gulab 
Park, Lakshmana Park, Sura) Kund 
Park, Zoological gardens, Din Dayal 
Upadhyay Park, Ambedkar Jayanti 
Park and the Kukrail Picnic Spot. While 
huge mechanicaljoy rides, paddle boats 
and swings at the Buddha and Haathi 
Parks are a great draw with the 
children, Kukrail Picnic Spot boasts of 
a crocodile breeding station, a deer 
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sanctuary and a rehabilitation centre for certain 
endangered animal species. TheAmbedkar Jayanti 
Park, stil l under development, is an ambitious 
project, worth several hundred million rupees and 
covers hundreds ofacres ofland. When completed, 
it wo dd vie wit h the bestofparks in the world ! 

Within the Zoological gardens campus also 
lies the 'tate museum wh ich pos esses, besides a 
n teworth y n umismati cs col lec tion and 
picture qu nature galleri s, a rare ex hibit ofa boul 
3000-year old Egyptian mummy. 

ARTS, HAND(CRAFT AND ITERATURE 

Lucknow has earned a name for itself as the cradle of fi ne arts, handicrafts and Urdu and 
Hindi literature and its fame conti nues to spread fa r and wide in these lields. Lucknow is 
considered as thc home of Kathak, one of the main half a dozen forms of Indian classical 
dance and thc only one fom1 North India. Right from the Binda Din-Kalaka Prasad Maharaj 
duo. a number of illustrious masters of Kat/wk. viz. Pandit Acchan Maharaj, Pandit Kishan 
Maharaj. Pandil Lachhu Maharaj and their descendants like Pandit Birju Maharaj ha e hailed 
f0l111 Lucknow. Thllmari, Daadra , Qawaali, Marsia and Soze-Khwaani are some of the 
classica l and popular forms of vocal music developed here. These arts received grea t inl ial 
impetus by the overzealous royal patronage during the rule of nawab Waj id Al i Shah who 
himselfwas no mean a dan er, actor. sing r a nd composer. 

Establishmenl of the Scho I (later Co\1ege) of Arts and Crafts in 19 11 and the 
Bhatkhande College oft I industani Music (Bhatkhande Sange t Maha vidyalaya) in 1926 'ct 
in motion regular tra in ing and ::;pecializati on in 
vatious forms of dance and music, pa inti ng, 
scu lpture, printing, etc. Somc of the world 
renowned mu. icians. dancers and painters have 
honed their ski lls in these institutions. The 
Bhatkhande Sangeet Mahavidyalaya has attained 
such an excell nce in dance and music that it has 
recently been elevated to the status of a deemed 
university and its Princ ipal has been redesignated as 
Vice-Chancellor, a rare dis tinction indeed for an 
al1iste! 

< mbroi dery sty les, such as zardozi , 
chikankaari and batik painting of textiles have also 
brought worldwide laurels to the artisans of the city. 
The manufacturers of itrs and scents of the city have 
caste a spe ll of their perfumes all over the eastel11 
world, ith Shamamat-ul-itr or itr-e-shamama 
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being a speci al favourite with the Middle Eastern cou ntries where it is known as the king of 
perfumes! And whoever heard ofan earthen scent. Wel l, the ingenious perfumers ofLucknow 
once used to prepare an it,. even fro m earth and it was a prized perfume with the royals! 

Along with the artistes and artisans, writers and poets of Lueknow have also created a 
niche for themselves in the .5elds of H indi and Urdu literature. The L ucknow school of Urdu 
poetry is as much respected a . the 0 Ihi school . 

CENTRE OF EDUCATlON 

Lucknow is among th oldest centers of ed ucation and higher leaming in tbe country and 
bas the d istinct ion of having five uni versiti es- the Lueknow Universi ty, the B.R. Ambedkar 
University, the Ind ira Gandhi aliona l Open University (lGNOU), the Bhatkhande 
Un i crsity of Music, and the Chhatrapati Sahuji Maharaj !fedical University (CSMMU). the 
first one having been set up as early as 1921. The CSMMU is about a hundr d years old, 
hav ing bcen set up and formally opened by King George V of England, in 1911. 

Nadvat-ul- Ulema, popularly Knowll as Nadva, is also an old institution ofhigher educati on 
and learning in Islamic studies and is considered one of the leadi ng institu tions o r its type in 
the wor ld. The Indian Insl ihlte of Management, comparatively a younger insti tution, has 
rapi dly acquired a national stature and has been casting the spell ofmanagemcllt mantra over 
the COUllt ry'S youth . 

A SCIENCE CITY 

Selting up of the Birbal ahni Ins titutc of Palaeobotany (B IP) at Lucknow during the 
late forties started a chain reaction in that the fo llowing two decade, witnessed the 
es tab lishment, one after another, of a host of nationa l laboratories and insti tutes in various 
fields of R&D. Prominent among these insti tutions are: Central rug Research Institu te 
(CDRI), National Botanical Research 
Inst itute (NBRl), Central [nstitute of 
M ed ic in al and Aro m atic P lan ts 
(CIMAP), I ndi an Ins t i tu te of 
To, -icology Research (U R ), Ind ian 
lnsti hlte of Sugarcane Rescarch (I1SR), 
Cen tra l Institute of Su bt ro pical 

InternationaL Workshop on Climate Change & its Impact 011 Flora il1 the South Asia Region 29 



lIorticulture (Cl SH) , Railway's Research 
Design and Standards Organization (RDSO), 
Geological Survey of India (Northern 
Region), Sanjay Gandhi Post Graduate 
Institute of Med ical Sciences (SGPGIMS) 
and National Research LaboratolY for 
Conservation of Cultural Property (NRLC). 
And the chain reaction is still going on, with 
tbe establishment of the National Bureau of 
Fish Genetic Resource (NBFGR) and the 
Bio tech Park. Besides, there are several other 
research insti tutions and Ayurvedic, Homoeopathic and Unani medical colleges belonging to 
the State Government. Many of these laboratories are multidisciplinay in character and 
command an international repute. Consequently, Lucknow has over the years, become a 
major Centre of scientific research, parti cularly, in the fi eld of biological sciences. The 
Regional Science Centre, established during the mid-eighties, is doing a yeoman's service in 
inculcating an interest in science among school-going children and educating them about 
science around them in their daily life . 

Oflate, I.T. explosion in the country has added another dimension to the R&D character 
of the town . Almost all the leading I.T. companies have set up their own centres or have 
franchises for computer education. A Cyber park is already being developed here and soon 
Lucknow is also going to acquire the status of a cyber city as well. 
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National Botanical Research Institute 
Marching Ahead to Develop Plants/or 'he Futllre 

History ofBotanic Garden 

Estab lished in J 953 as National Botan ic 
Gardens (NBG) under the umbrella of 
Council of Scientific & Industrial Research 
(CSIR), the ins titute was renamed as alional 
Botanical Research [nstihlte (NBRI) in 1978 
to reflect its national impact and promote the 
R&D component. Botanic Garden at. BRJ 
surrounds, within its limits, the histori cal 
Sikanda r 8agh laid out around 1800 AD. 
Sikandar Bagh was a historica l garden, 
initia Il y built on only 150 square yards. 
CSIRJNBRI has de veloped it into a precious national repository of plant germplasm and a 
globally reputed centre ofadvanced researches in planL ciences. 

New Introductions to Botanic Garden 

The Botani Garden at . BRI harbours more than 5,000 taxa of endemic, exotic and 
threatened plants. he Garden houses con crvatories with a collection of ougalnvi llea, 
Gladi oli, Roses, Cacti, Succulents and house plants. The most recent addition is a 
conservatory of O rchids (a wondrous group of 110wcring plant known for their floral beauty, 
diversity and specific habitats) with a collection of 50 di fferent species. Plant introduction is 
one of the most significant activities in NBRI Botanic ( Jarden. Some of the recently 
introduced plants of economic and education value are : Adansonia za (a related species of 
KaJpavriksb [Adansonia digitata], in tToduced for the firs t time in India f rom Madagascar; 
Clerodendrum speciosissimum (from Java & Sri Lanka); Jacaranda cuspidifolia (from 
Brazil) , and an indigenous species-Butea superba (climbing Dhak) from Sonbhadra fo rests . 

SRI's I30tanical Garden has a rich collection of the Cycads , a unique group of plants called 
" living fossil" and several unique ferns and ferns allies. These new add itions to the Botanic 
Garden are now open to teachers and students from schools and institutes ofhighcr learning to 
enhance their knowledge of p lant life and take up challenging researches Lo unravel the 
mysteriel:> of plant growth, development and utilization. 

R&D Programme 

NBR[ is a front ranking plant based multi-disciplinary national centre o f excellence for 
basic and applied research in advanced areas of plant sciences. NBRI is known for its national 
role in promoting both classical and cutting edge research in Systematic Botany, Conservation 
B iology, Plant Diversity Prospecting, Plant lmprovement, Genom ics and Plant 
Biotechnology, Primary and Secondary Metabol ism, Botanical Infonnatics and Floriculture. 
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The Im;ti tute has clcvc1op\.!d a wide range of rPR covered tech nologies. products and 
processes . Some of these are : insect resistant transgenic plants, plant-based products for 
health and industry. nutracelltica ls, cosmeccuticals, natura l dyes b iopesticides and plant 
growth promoting m icrobe '. Technology packages based on microbes cover aboLit l, 00,000 
h clares o f farms. Recently, NBRI developed the 'Ind ia Herbal Garden' at WHO (I1Q), 
Geneva, showcasing some of the I ndia's medicinal plant wealth. 

NBRI has major programmes in molecular analysis of genetic diversity or plants, 
manipula ti n ofmetabolic pathways, prot in engineering, gen tic lransformation orcotlon. 
groundnut, pigeonp a and chickpea, molecular bi.ology of fruit rip Ding and enescence, 
genetic enhancement of Bougainvi llea, Gladiolus, Amaranthus, Opium Poppy. restoration 
ecolo!:,,),, environmental audit, usaI' soils, etc . The poppy arietie de e loped at NBRJ are 
cultivated in about 6000 hectare. The floriculnlrc group has re leased nearly 200 new cultivars 
of omamenta I plants and imparts training in dry floral crafts acros the country. SRI steers a 
major biodiesel programme and maintains a large collection of petro crops (including 
'Jatropha'). 

New Model in Public Private Partnership with Equity Sharing 

NBRI has the distinction or designing the first ev r nove l: o-endotoxin gene and 

syn thesizing it chemically t develop transgenic S t-cotton indigenously, The Insti tute is now 
launching a larg r programme joint ly wi th seed industry and s ix other institutes for 
developing transgenic lines of cotton with multiple genes effective against both leaf-eating 
(herbivores) and sucking pests. An agreement including 30% equity participation by seed 
industry and sharing of royalty was signed at CSIR on July 27''' 2007 to take up this 
challenging task. BRI will coordinate the multi-institutional project that includes four 
partner from seed biotech industry. he indu try partners are JK Agri G netics, Krishi Dhan 
Seeds, Swagat Biotech and AmarcswaraAgritech and the total overlay is about Rs. Six crores 
through the nex t three year . 

Plant Geuomic Facility for Designing Plants for Future 

Yet, another area, where BRI has launched a major project with JKAgri Genetics is for 
improving fibre quality and drought tolerance in cotton. A Jo int research project for 5 years 
cosling 10 cror s as a major initiative based on a state-of-art genomics ofcotton will be taken 
up. The fnsli lulc ha procured a genomic expression analysis system, ca lled Affymatrix 
Microarray, the first system now available in Lucknow. It will soon be completed wi th a state­
of-art Whole G nome Sequencing platform that can execute 2,00,000 parallel sequencing 
reactions. Other advanced facili ties, including high throughput genotyping systems and 
capillary s quencer are being procured. The Insti tute has taken a big leap forward by 
establi shing the Plant Genomic Facil ity in Lueknow. The facili ty will open unfathomable 
gateway to the genome based knowledge to identify new genes. This will provide 
opportunities to break the barriers for enhancing the yield of crop plants, Several service 
providing biotechnology companies are in disCl sion with NBR! to develop partnerships , 
where they would run and man age the knowledge based-state-of art techno logy-dri en 
genomic facility in a semi commercial mode in national interest. 
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Validation ofNBRl's Herbal Formulations 

The herbal formulations developed on the basis of leads taken from tradi tional 
knowledge including Ayurveda literature, have been validated by external sources for 
efficacy and safety studies on animal systems. In this direction, scientifi c a lidation of two 
prominent herbal fonnulations has been done for wound healing and ulcer. These are now 
being taken up for clinical studies,jointly with industry. 

NBRI's Biofertilizers rorOrganic Cultivation 

Th plant growth enhancing biofertilizers developed at NBRl by isolating un ique stra ins 
ofba teria from soils ofvarious agroclimatic zones ofTndia have been used thi s year on large 
scale in u.P. and Gujarat. The Department ofAgriculture, U. P released the NBRI technology. 
based on Rhizobium and phosphate solubilizing bacteria through 13 of its laboratories. The 
high qua li ty biofeliilizers were applied on an esti mated 1,00,000 hectare farm area through 
more than 1000 officials and farmers trained by BRI. Another biopesticides technology 
based on Trichoderma was scaled by Gujarat Agri Processing Company Ltd. Gujarat, to 
market about 10 metric tons of the formulation this year. Partnership wi th larger industry and 
NGOs are being sought to enable large scale production in U.P. for sustainable and 
environmentally cleaner agriculture. 

(For details visit: www.nbri-lko.org) 
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Central Drug Research Institute) Lucknow 

I h Central Dm g Research Jnstitute (CDRl) in Lucknow, India with its broad-based 
rcsearch facil ities, technical infrastmcture and expertise in front line research disci pl ines as 
well as expertise in regional bealth area, is amongst the intemationaUy reputed laboratories in 
the fie ld of drug research. CDRI was fo rmally inaugurated on 17'M February 1951 by the then 
Plime Minis ter ofIndia, Pand it Jawahar Lal Nehm and now a llew state-of-the art campus is 
under development. 

DRI has the distinction of having made significant contributions to drug research in 
Ind ia. Several produc ts dcveloped by the Institute have been commercialized and are 
currently in the market: Centchroman (contraceptive pill for females), two antimalarial 
drugs. one herbal remedy for memory improvement and one sp rmicidal cream . Besides, 
several process technologies developed at CDRl arc in commercial production and new 
products are in pipeli ne. CDIU has a success[ul r cord of research partnership with ind ustry 
since its establishment. 

R&D Programme 

The institute's R &D programme has been organized keeping in view the national and 
international needs. CDRI aims at developing dmgs, diagnostics and vaccines to cure and get 
rid ofthe ailments confronted by the mankind in general and Indians in particular. With an aim 
to carry out focused works on various di seases, the R& D activities of CDRl have been 
categoriz d in various research areas. Each research area rocuse on the design and 
development ofdrugs, diagnostics/vaccines related to the concemed disease group right from 
the synthes is of compounds up to regulatory studies and clin ical trials . The entire research is 
now directed towards knowledge generation in order to identify novel targets and leads for 
development ofsafer and cost effective dmg molecules . 
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Under project 'Biological Screening' efforts are directed at anti-TB screening, 
anticancer screeni ng, HTS and development of new screeni ng models; 'Cardiovascular, 
Ce"tral Nervous System & Otlter Disorders' cover synthesis and development of new dmgs 
for variotls diseases of Cardiovascu lar system (stroke, thrombosis and hyp rtens ion), CNS 
(dementia and stress) and other disorders are diabetes, lipid disorders, impaired wounds, 
inflammation, allergy including asthma and ulcers; 'Filariasis' focus is on devlopment ofa 
macrofilaricides and/or female worm-steriUzing agent; 'Leishmalliasis' ai ms at new 
challenges of dmg res istance, treatment fai lures, occurrence of relapses and convergence of 
HIV related VL cases, new and better alternatives of chemotherapy; 'Malaria' aims at 
mechanism ofaction and resistance to tradi tional drugs, the emergence of 31temisin ins as one 
of the most important antimalarial class of compounds, and detem1ination of the genome 
sequence of Malaria parasite promises a more optimistic future for antimalaria l drug 
development; 'Microbial Infections' cover the development of vaccines for cho lera and 
tuberculosis, development of tuberculosis infectio n, novel antig ns and drug targets; Nalllmi 
Products' aims at chemical and pharmacological investigation ofIndian medicinal plants and 
marine floralfa tma fo r isolation of active constituents to obtain new therapeutic agents; 
'Newer Approaches ill Drug De igll & Discovery' focus on structural studies on small and 
macromolecules and identification ofdmg targets; 'Reproductive health' is directed at design 
and synthesis of novel moleculeslisolates from natural sources and bioevaluate them for 
generating new leads and to develop them as female or male contracepti ves, spermicides with 
anti-STl properties , agents for the management to post-menopausal osteoporosis and other 
endocrine disorder. 

Technical) nf'rastruclure and Facilities 

The Institute's capability in drug R &D is spread in various R &D and Infrastmcture 
divisions . In recent times, drug discovery has been revolutionized due to rap id advances in 
molecu lar biology. There is a focus on target-based drug discovery using new high­
throughput screening systems, combinatorial chemical synthesis for rapid generation of 
novel stmctures and lead molecules and X-ray crystallography techniques to determine the 
structure of small or large molecules. Therefore, in order to reach global standard!>, the CORI 
has been constantly strengthening its facilities in molecular biology, structural biology, 
genomics, combinatorial chemistry, medium/high-throughput screening, and molecular 
modeling. 

The R& D facilities are also being upgraded to develop GLP conforming facilities. These 
facilities are being complemented with adequate strengthening of expertise in these areas by 
inducting new staff and reorientation of the existing scientists. 

Opportunitie and Services 

CORl focuses on developing New D iagnostics and Vaccines and state-of-the-art 
technologies for clients in India and abroad and associated fundamental research. The 
Institute has close commercial relationship with Pharmaceutical Industry and other R & D 
Organizations involved in the area ofbiomedical research. Our collaborative relations will go 
a long way in developing a strong drug research base in the country and in making Ind ia a 
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stronghold in biomed ica l research opportunities. We offer collaborat ive as well as contract 

com merci al opportuni ties in follo w ing areas : 

Advisory Consultancy Services: Troub le shooting problems identified by indu tri es . 

Contract Research: DR] u ndertakes Research work as per the req uirement ofcontracting 

party. Terms & Conditions negotiable. 

Collaborative Project: CDRI collaborates w ith ind ustry I R&D organizations. Sb31ing of 

benefits as per agreement. 

Product/ Technology Licensing: Drugsl Di agnosticsl Vacci nes developed by CORl and 

technology for industrial production of known drug. 

Modem Drug Discovery Facilities: Combinatorial chemistry, proteomics, h igh-throughput 

'cr ening, laboratory animals , structural b io logy, medicinal chemistry facilities can be 

availed on payment basis . 

Analytical Services: Sophisti cated instruments facility can be availed at nominal charges . 

Biological Screening: in vitro & vivo tests of compounds against various d isease mod Is at 
nominal charges. 

(nformation Services: Cu rrent information , current awarenessl document 
delivery/technical query services on drug & pharmaceuticals . 

Human Resource Development 

Scientists training programme: CSIR launched a scheme of providing training to the 
laboratory scientists in business development activities. Under this scheme scientist rom 

COR[ have undergone train ing programme. 

Hands on training courses: nder this programme the Institute conducts training to short 
duration in various d isciplines agai nst p ayment. The courses comprise both lectures and 

practical with emphasis on practical R& D aspects in a particular discipline. Employees of 

indus tries/ institutions/ academ ics can avail training of short duration comprising 

theory/practical on advanced techniques. 

Career in R&D: JR F/SRF/RAISRAI Post docs can pursue profi c iency in vanous 
disciplines ofbiomedical research at molecular level. 

Students train ing programme: CDRl offe rs a bright and fruitfu lly productive career to the 
students of science interested in pursuing career in the area of Biomedical Research. The 

I nstitute prepares the youth of today to take up newer and boundless challenges that the 

biomedical research faces to combat the large number of ailments that mankind has to face . 

CDRI conducts short tenn ( inimum oftwo months) courses fo r the postgraduate students in 

various areas of Biomedical Research Students from academic inst itutions can carry out 

project works in biomedical research at nominal charges. 

CSIR Programme on Youth for Leadership in Science (CPVLS): With the vis ion to 

develop interest in science in younger generation, CSIR has launched this program me. nder 

this programme several meritorious students from Uttar Pradesh were exposed to latest 
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techniques being employed in drug research by way of exposure to experiments, laboratory 
visits , use of various instruments and holding lectures followed by discussions with om 
scientists. 

Achievements 

CDRI has been successful in meeting the expectations of her stakeholders. Over the 
years , achievements made by its scientists and infrastructure capabilities built up have been 
w idely appreciated. The country witnessed the momentous occasion of the fruitful 
achievements of CDRI, when in 1987 the then Prime Minister of Ind ia, Mr. Rajeev Gand hi 
released four drugs developed by this Institute. More than twelve new drugs have been 
devel oped by the Institute, besides sensitive diagnostics for early detection of diseases like 
tubercu losis . Many cheaper and more convenient technologies for known drugs have been 
developed at pilot plant level , which have been transferred to drug industry where they have 
been successfully commercialized. The Institute has published more than 8200 research 
papers and filed 775 Indian and intemational patents. So far CDR! has produced more than 
1200 Ph. D. scholars and students from different academic institutions / universities have 
undergone student tra in ing programme in biomedical science. 
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CIMAP 

Central Institute ofMedicinal 
and Aromatic Plants 

Central Institute of Medicinal and Aromatic Plants, popularly known as CIM AP, is the 

known frontier plant research laboratory of CSIR. Established as CIMPO in 1959, CIMAP 

(reorganized R&D laboratory in 1978) is steering research on medicinal and aromat ic plants 

(MAPs) w ith its nucleus at Lucknow and extend ing its wings as f our Resource Centres, 

(Bangalore, Hyderabad, Pantnagar & Purara), representing different agro-climatic zones of 

the country for multilocation field trials and research. Now with two strategic Resource 

Points added, one each at NIEST, Jorhat in Assam and liAR, Ahmedabad in Gujarat for 

dissemination of MAPs technologies, CIMAP, as true national institute, is marching ahead on 

its well defined mission of "Green Path to Better Health and Life". While conserving the 

plant genetic resources systematically, CIMAP is equipping the nation with high-tech 

agriculture linked to industrial processing of MAPs while also providing quality seeds and 

propagules to the growers and entrepreneurs. CIMAP is equipped with state of art 

laboratories, ultra modern instrumentation and expertise in Agriculture, Biotechnology and 

Chemical Sciences ('ABC' of CI MAP). 

CIMAP is known for its green discoveries, products and technologies. The business 

opportunity portfolio of CIMAP is presented here: 

Molecules 

1. Bioenhancers 
I. Bioenhancer molecules enhance the 
killing action of antibiotics by Increasing the 
availability. 

ii. Improves the availability ofvitamins . 
iii. Increase the efficacy of anticancerous 
drugs. 

A. Lysergol 

B. Glycyrrhizin 
C. Nlaziridin 

2. Antibacterials & Antlfungals 
i. Nove l antibacteria l compounds 
Oenostacin and Stllbenestcin active against 
vancomycin resistant Staphylococcus 
epidermidis 

ii. Thymol isolated from Trychyspermum 
ammi (Ajwain) to control multi-drug resistant 
(mdr) and complex resistant microbial 
pathogens. 
iii. Combination for prevention of drug 
resistant against fluoroqulnolones like 
Ciprofloxacin 

Iv. Synergistic combinations of plant essential 
oil components and commercial antifungals 
to control candlasis . New antifungals: 
Everniarwin & Everniallin from lichen and 
Glabridin from licorice 

In-vitro technologies 

• 	High throughput micropropagation of high 
value plants: Rauvolfia serpentina, 
Glycyrrhiza glabra, Picrorrhiza kurroa 

• 	Ha iry root technologies for in-vitro 
production of secondary metabolites 

Processes 
1. An Improved process for isolation of artemlslnln 
from antimalarial drug plant Artemisia annua (40 kg 
per batch) 

2. An improved process for isolation of 
antihepatotoxic agent silymarin from the plant 
Silybum marianum. 

3. A bench scale technology for Isolation of 
Camptothecin with a yield of 0.15% from the stem of 
Mappia foetida. 

4. A bench scale process for the isolation of 
antihepatotoxic CLlV-92 (A combination of three 
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coumarino lignoids) at a scale of 20 kg has been 
developed w ith a yield of0.2%. 

5. A bench scale (1 kg) technology for the isolation 
of andrographollde from Andrographis paniculata. 

6. A bench scale process (4 kg) for the Isolation of 
Iysergol from the seeds of Ipomea muricata (0.2% 
yield). 

7. Isolation of caliiterpinone from the Call/carpa 
macrophylla (10 kg scale) 

Herbal based formulations 
• 	 Formulation for scented mosquito repellent 

spray "Mospray". 

Balm for headache and sprain "Pain Chhoo.... " , 

"Swabee" a super strong surface disinfectant 

• 	 The coolest way to hand disinfection "Hankool" 

• 	 Broad spectrum antifungal cream "Skinpro" 

• 	 Herbal based broad·spectrum antifungal cream 
"Myconil" 


"Herbal tooth powder' a formulation effective 

against plaque formation and gingivitis. 


Aloe based face and hand wash·"Kleenzie" 


" Mosnobite" , a mosquito repellent vaporising 

formulation 


..Mosaway" ,mosquito repellent cream 


Geranium Active, Herbal based anti·dandruff 

Shampoo 


CIM·Phal·se nutraceutical granules 


CIM Paushak a sc ientific awaleh 


Herbl Soft Shampoo 


HAloe Skin, multi purpose cream 


Agrotechnologies of MAPs 
Mentha arvensis (Menthol mint); Mentha 
piperita (Peppermint) : Mentha citrata 

(bergamot mint); Mentha spicata (Spearmint); 
Mentha card/aca (Scotch spearmint) ; 
Cymbopogon winterianus (Citronella); 
Cymbopogon martinll (Palmarosa); 
Cymbopogon fJexuosus (Lemongrass), 
Pelargonium graveo/ens (Geranium); Rosa 
damascena (Rose) ; Matricaria chamomifla 
(chamomile); Vertiveria zizanioides (vetiver) , 
Chrysanthemum cineriaefolium (Pyrethrum) 
;Catharanthus roseus (Periwinkle); Withania 
somn/fera (Ashwagandha); Phyllanthus 
amarus (Bhuin amlaki); Dc/mum sanctum 
(Krishna Tulsi); Plantago ovata (Isabgol); 
Cassia angustifofia (Senna), Artemisia annua 
etc. 

Agro·product and process packages 

• 	 Bio-control agents for fungal and bacterial 
diseases 

• 	 Bio-insecticides (microbial and plant based) 

• 	 PGPRs for crops as blolnoculants 

• 	 Biofertillzers and value added vermi composts 

• Organic cultivation packages 

- Organic planting material (nucleus) 

- Organic aromatic oils (Eco Cert) 

- Consultancy (cultivation to 

processing) 

• 	 Slow release and value added fertilizers 

• 	 Antimalarial molecules from Artemisia: 
production package 

• 	 Herbal fumigants for stored grain pests 

. 	 Antisproutlng agents for potato tuber storage 

Contact . Director, Central Institute of Medicmal and Aromatic Plants (C1MAPJlCSIR), Lucknow· 226015, 

Email. director@clmap.res.in ; Ph:0522·2359623: Fax: 0522·2342666.Website:www.cimap.res.in 
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Indian Institute ofToxicology Research 
(Formerly: Industrial Toxicology Research Centre) 

Ind ian Institute of Toxicology Research (llTR), a constituent laboratory of Council of 
Scientific & Industrial Research (CSIR) was established on November 4, 1965 at Lucknow. 
Its establishment symbolizes the commitment of our people for sustainable industria lization 
and agricultural development. The objectives of the 'Centre' are: 

• 	 To identify occupational health hazards due to exposure to chemicals in industries, 

mines, agricul tural fields and general environment by undertaking hea lth and 
environmental surveys. 

• 	 To determine the mode ofaction of toxic chemicals/pollutants. 

• 	 To conduct safety evaluation ofchemicals used in industry, agricu lture and everyday 

life. 

• 	 To suggest remedial/preventive measures to safeguard health and environment from 

pollutants. 

• 	 To collect, store and disseminate information on toxic chemicals. 

• 	 To develop human resource for dealing with industrial and environmental problems. 

Mission ofIlTR is to provide research based solution to the problems ofenvironment and 
health, and recommend safe limits of chemicals to regulatory agencies for help in formulating 
or amending and implementing National guidelines . Ever since its inception it has been in 
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service of the society through generating data on the tox icogenic potential of the chemicals 
of interest to the country like pesticides. heavy metals, dyes and food colours: developing 
test systems for evaluating the safety of chemicals . The centre assists regulatory agencies in 
monitoring, establishi ng and prescribing safe limits of the pollutants in fi ni bed products 
including the food material. 

The I nstitute during its joumey has expanded its activities in d i erse areas oftoxicology 
and has undeltaken studies as diverse as problems of miners inhaling the dusts and fi bres to 
toxicity of dyes, pesticides, heavy meta ls, plastics, polymers, solvents, food additives, 
adulterants and contaminants. Simultaneously issues related to d iagnostic. preventive and 
interventional toxicology were addressed by researchers. It has also participated in 
mul ticentric programme for developmcnt of pharrnacopial standards ofdrugs used in Indian 
system-of-medicine. State-of-art tools li ke Comet assay, fI SH, ELISA, image analysis for 
neuronal injury, gene expression and quanti fication of the histopathological lesions have 
been introduced for toxicity assessment. The centre has made significant progress to 
establish facilities and to develop assays fo r rapid assessment of toxicity ofchemicals using 
in-vitro/ex vivo models and small invertebrate animal and plant models, there by reducing 
use of animals in toxicology. 

lITR also partic ipated in a major CSI R coordinated programme for identification, 
development and comm rcialization of bioaetive molecules from natu ral sources. 
Currently, the research at IlTR focuses on understanding the molecular mechanisms of 
toxicity using protcomics, genomics and bioinforrnatics approaches towards devel opment 
of biomarkers [or ri sk assessment of human exposure to chemicals. IfTR bas an active 
research programme on genetic polymorphism in Indian population for differential response 
to toxicants and susceptibility to different diseases. 

The laboratory remained at the forefront in addressing the human health and 
en ironmental problems of the country and participated actively in National Miss ion and 
societal programmes such as National Drinking Water Mission, Technology Mission on 
Oilseeds, Pulses and Maize (T MOP&M), and monitoring of the Ganga and Gomti Rivers. 
Based on its mandate and experti se, it delivered the best in the time of the nationa l crises like 
unfortunate Bhopal Gas Tragedy due to leakage of Methyl Isocyanide, 'Epidemic dropsy at 
Delh i', floods in Gorakhpur and Deoria districts of ttar Pradesh, super cyclone in the state 
o[Orissa and earthquake in Gujarat. 

Technologies li ke Water Ana lysis Kit, Mobile Laboratory Van fo r analysis of drinking 
water and On- line Water Disinfection Unit developed by the centre are simple yet sensitive 
and above all are cost effect ive. These were used to provide safe drinking water during the 
devastating super cycl ne that severely affected parts of Orissa in October 1999. A colour 
detection strip for the detection of butter yellow and Argemone detection kit are being used 
in the country. The Arg mone detection kit proved to be an invaluable tool during the 
unfortunate incidence of "epidemic dropsy". 

IlTR has received accreditation from NABL as biological and chemical testing 
laboratory for air quality, environmental impact, chemical and bacteriological qual ity of 
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water and effluents, chemical and biological safety ofplastics, residue analysis for pesticides 
and metals and toxicity/safety evaluation ofa vast variety ofchemicals/products. 

The research and outreach activities that are related to the environmental pollu tion, 
health risks and mitigation of such problems, are regularly made available to the scientifi c 
commun ity and public. IITR holds exhibitions displaying its technologies, public awarcn ess 
programmes and medical camps in cities as well as in rural ar as. The Institute's expertise is 
refl ected in the MODs with several state and central universities and institutes of repute to 
provide post-graduate, doctoral and post doctoral and post doctoral training to students. 
Based on the expertise of the laboratory, I1TR has been recognized by the agencies: like u. P. 
Pollution Control Board, Lucknow, Central Pollution Control Board, New Delhi, and Bureau 
of Indian Standards (BlS) New Delh i. IITR provides services to industry, academia and 
public and private sectors, agencies, company to national and international guidel ines 
(OECD, USEPA, BIS ISO). More than 2500 research papers have been published, so far 
along with regular publications: viz: (a) Annual Report (b) Brochures (c) Industrial 
Toxicology Bulletin (d) ENVIS Newsletter 

he R& D at IITR is aligned with needs of the Nation. The laboratory ha. expanded its 
capabilities in the new areas of concern to the country such as safety evaluation of 
biotechnological products, nanomaterials, analysis of food and water contaminants and 
rendered its services and expertise to industry and government agencies. The four decades of 
expertise, manpower and knowledge base in toxicology research empowers the centre to 
conduct research in the contemporary areas of: 

• Systems Toxicolgy 

• Toxicogenomics & Predictive Toxicology 

• Food, Drug & Chemical Toxicology 

• Environmental Toxicology 

• Ground Water Mapping 

• In Silico Toxicology 

The endeavour ofIITR scientists and technical staff is to become a unique, valuable and 
internationally competitive scientific resource in toxicology research and testing, and is 
strategically positioning itself to meet the global challenges. 

(For details visit: www.itrcindia.org) 
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Impact of Climate Change on Biodiversity in Forest and 
N atura1 Ecosystems in India 

N.H. Ravindranath 
Centre/or Sustainable Technologies, Indian Institute ofScience, Bangalore, India 

Climate is probably the most important determinant ofvegetation patterns globally and 
has significant influence on the distribution, structu re and ecology of rore: ts and olher 
natura l cco ystems . Severa l climate- vegetation studies have shown that certain climatic 
regimes are associated with particular plant communities or func tional types. It is therefore 
logical to assume that changes in climate would alter the configuration of forest and other 
ecosystems . 

. he Third Assessment Report o f lP C concl uded that recent modelling studies indicate 
that forest ecosystems cou ld be seriously impacted by fu ture cl imate change. Even with 
glo al waml ing o f i- 2°C, l11 uch less than the most recent projec tions f warming dlU'ing this 
century, mo t ecosystems and landscapes will b impacted through chang s in species 
composit ion, productivity and biodivers ity. These have implications for the livelihoods 
hoods of people who depend on fores t resources. 

The Fourth Assessment Report of IPC made the foll owing conclusion, on imp cts of 
cl imate change on ecosystem (lPCC. 2007) . 

• :. The resi lience of many ecosystems is likely to be exceeded this century by an 
unprecedented combination of cl imate change, associ ated disturhances (e.g. ilooding, 
drought, wi ldfire, insects, ocean acid ificat ion), and other global change drivers (e.g. 
land-use change, poll ution, fragmentation of natu ral systems, over-exp lo itation of 
resources) . 

• :. Over th course of this century, net carbon uptake by terrestrial cosyst inS is likely to 
peak beforc mid-century and then weaken or even reverse, thus ampli fY ing climate 
change . 

• :. Approximate ly 20-30% of plant and animal species assessed so far are likely to be at 
increased risk of extinction, if increases in global average temperature exceed I. S-2 . S~C 
(mini mum confidence) . 

• :. For increases in global av~rage tempera ture exc eding l.S-2. SuC and in concomitant 
3tmospheric CO2 concentrations, there are projected major changes in ecosys tem 
structure and fUl1cti n, species ecological interactions, and , hi ts in species' 
geographical ranges, wi th predominantly negative consequences [or biodiversity and 
ecosyst m goods and services, e .g. water and food supply. 

India is a mega- biodivers ity country where forests account for about 20% (64 million 
'D<a) t>\ \'D't ~'t\)'i5Th}l'D~ ea\ <att;<a. ()\'D tl.'t"~'i\':Y 1~~'iJ)\\,?!~~ \:'\'~S~\1)'t\\ '?!':> \~l~\ 'V)\\'?!"'5't'S, \\)'tl~ 

is obviously large d p~ndence of communilies on fore t resources. Thus it is important to 
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assess rhe likcly impact of projected climate change 011 forests and develop and implement 
adaptation strateglcs for both biodiversity conservation and the livelihoods of forest­
dependent people. 

Preliminary qualitative assessments of potential climate change impacts on forests in 
India were based on earlierGCM (General Circulation Model) outputs ofclimate change that 
have undergone consic.lcrablc refinemcllL. Follow ing this there were two regional studies. tbe 
first pertaining to potent ial climate I.:hange impac ts on forests in the northern state of 
Hi machal Pradesh, and the second ill th e W stern Ghats. These studies mc.licated moderate to 
large-scale shifts in vegdation types, with implications for forest diebac and biodi vers ity. 
The studies conducted in India so far have had several limitations. e.g. coarse resolution of 
the input data and model o utput - due to the Ll. e ofGCM scale grids. the lise orcarlierversions 
of the B10Mr model that had limited capability in categonzing plant functional types, and 
the absence ofan national level model-based assessmen t ofd imate impacts. A recent study 
llsmg the BlOME3 model and climate change scenarios of lJadCM2 projected large-scale 
shifts in areas under eli frcrent vegetat ion types and an increase in pr.A part of OLl r ongoing 
efforts In refining our predictive capabilities. the present study assesses the potential impacts 
of future climate change on forest ecosystems at the nalional level based on RCM (Regional 
Climate Model) projections and a more advanced version oflhe BlOME model. 

Current and Future Climate Patterns 

The mean annual precipitation over India as computed from the CRU data was seen to be 

about J094 mm and the mean annual temper ture was about 22. i 'e. The proj cted climate 
(average for 2071- 2100) ror the more moderate 8 2 scenario is both wetter (all average 

increase of about 220 mm) and wann er (an average increase ofabout 2.9°C) compared to the 
HadRM3 baseline. The correspondi ng values of increase for the more extreme A2 scena rio 

are about 300 111m and 4. 2
Q
C respective l . The mean annual precip itation for the proj ected 

values for B2 scenario tu rns out to be 1314 111m and thc projected mean t mperature is about 

25.6"C. There is can idcrable geograph ical variation in the magn itude of changes for both 
temperature as well as ra infa ll. 

North-westem India is likelr to become drier, while north-eastern India is likely to 
become much wetter. The temperature increase in north-westem India is al 0 much more 
than that in the northeast. Southern and south-east rn parts ofInd ia are likely to experience 
only a moderate increase in temperature. 

Changes in Climate Over Forested Areas 

The high-resolution data from FSI (Forest Survey of India) can be lIsed to map the 
location of various types of forests across India. The major fores t types in India (those 
occupying 0.5% or 1110re of the forested ar a) and their areas are given in Tab le 1. Forests in 
India are extT mel diverse and heterogeneolls in nature, and it is difficu lt to cl ass ify them 
into a small number ofcategories. As a result, the pan-Indian 'M iscell aneous forest' category 
(with no dom inant species) shows the highest (63%) proportion. The miscell ane us forest 
area occurs under all the forest types. The ot11 r tw o most dominant forest types are Shorea 
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rof)1ls ta or sal (12%) in the eastern pali of Centrallndia cUld Tectono gl'alldis or teak (9.5%), 
spread across Central India and the Western Ghats i.n Southern India. The climate impact 
analysis is carried out for the F I forest categories as well as the BlOME model vegetation 
types. 

Changes in c li mate in the forest areas are presented in Table I using (he B2 scenari 
projections and FSI categories afforests . The temperature and rainfall means are obtained by 
considering all the grids of each fore . t type, occurring in different parts ofIndia.ln general. 
under the B2 scenario projections, the mean rainfall (and mean temperamre) in areas under 
forest cover is . omewhat higher than that .in the non- forested areas . The increase expected in 
rainfall undcr the changed climate is also relatively larger for the forested areas, abt)u( 376 
mm compared to the overall average of about 23 5 mm. The mean change in temperature. 
however, is not different from that in the non-fore ted regions . As e peeted, the changes in 
climate are not unifonn aetos the different forest types- ranging from a large increase of 
more than 550 mm/year for hardwood and bamboo fores ts to a modt:st 220 nun for the colder 
fir/blue-pine forests (Table 1). 

Nnw"", of ~ t~an OlOllUr\l (h.:",!" '" :\[ea Cha.!l~ ill 

Frrell t:.1'" gllru oOlI' IUe-.a ' IUlf,lllmm) ,",,,uf.,ll 1=) tempa-alwe i'e) (ttnp~ atm e ( L 1 
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Figure I : Percentage of grids under different forcst types undergoing change in A2 and 8 2 GHG Scenario. 
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The changes in temperature also show a striking pattern, wi th colder forests being 
ubjected to a larger increase of about 3° • compared to the Western Ghat evergreen forests , 

which on an average become wanner by only about 2.4 llC, compared 10 the national average 

of 2.9'!C under the B2 scenario. The changes under the more extreme 1\2 scenario are 
quali tative ly similar to those described above, excep t that the magnitude of change is larger. 
Most of the forests show an increase of about 4"C with the northern temperate forests being 
subjected to about 4.6°C increase, while the Western Ghat evergreen forests show the lea t 

chang!;; of about 3.311C. 

Impact ofClimate Change on Forest Types and Distribution 

A comparison o[ the cxtent o f area that is lik ly to occur in each of the forest types under 
th present c limate regime, and that under the two future climate scenarios revea ls the magni­
tude of change. that are expected to take place in each ofthe forest types (Fig I). The BIOM E4 
model was rU Il for a total of 10,864 grid points ( 10 min' 10 min) located in the ind ian region, 
Ll sing the CRU IO-m in cl imatology. Due to gaps in data related to soi l parameter va lues, the 
model cou ld assign vegetation types to only 10,429 of these grid points . As mentioned earlier, 
a comparison wi th the SJ database (available at a much riner resolution 0[2 .5 min' 2.5 mi n) 
allowed us to use the info rmation from 35, 190 FSI grids. There was a reasonable match 
betwcen the forest typ s predicted by BIOME4 with the forest types assigned by FSl. Thw, 
tropical evergreen fo rests were seen in the southern Western Ghats and in the northeastern 
region, whi le the temperate forests w re seen to occur in regions correspondi ng to fi r/spruce! 
deodar forests. 

Forest Biodiversity 

A rev iew o f stud ies by fPeC and Gitay et 01. has shown that forest biodi ver ity or the 
species assemblage is projected to undergo changes due to the projected climate change. 
Biod iversi ty is like ly to be impacted under the projected climate scenarios due to the changes 
or shifts in fores t or vegetation types (in 57 to 60% af forested grids), fo rest dieback during the 
trans ient plJa e, and di fferent species responding differently to climate changes even when 
there is no change in fo rest t pc. Cl imate change will be an additiona l pressure and will 
exacerbate the declines in biodiversity resulting from socio-eeonomic pressures. 

111e climate impact assessment made for Indian fo rest sector us ing regional cl imate 
m del (HadR . 3) outputs and BfOME4 vegetation model has shown that nearly 68 to 77% of 
the forested grids are likely to experience change. wh ich includes loss of area under a given 
forest type and replacement by another type from the prevail ing forest type by 2085 . In other 
words, over half of the vegetation is likely to find itself less optima lly adapted to its existing 
locat ion , making it v ulnerable to adver 'e cl imatic condi tions and to biotic stresses . Fu rther, 
the ac tual negative impact may be more than what is initia lly expected ii-om the above 
description . Thi s is because di fferent species respond difTerently to the changes in climate. 
TI1US. one expects that a few species may show a teep decline in p pulations and perhaps 
e en local extinctions. This, in turn, will affect the other taxa dependen t on the di f- ferent 
species (i.e. a 'domino' effect) because of the interdependent nature of the many 
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plant- an imal- micr be commun ities that are known to exist in forest ecosys tems. This could 
eventually lead to major changes in the biodi versity. The posi tive impact ofproj ctcd climate 
change, under the A2 and B2 scenario, is the projected increase in PP. Thu " the projected 
climate impac ts are likely to ha e significant implications for forest management in India. 

Thus, climate change could cause irrevers ib le damage to unique forest ecosystems and 
biodiversity, renderi ng se eral species exti nct, loca lly and globally. Forest ecosystems 
require the longest response time to adapt, say througb migration and regrowth . Further, a 
long ge ·tation period is involved in developing and implementing adaptation strategies ill the 
forest sector. Thus there is a need to develop and implement adaptation strategies. Adaptation 
is adjustment in natural or human systems in response to actual or expected climatic stimul i 
and their impacts on natural and socio-economic systems. 

Impact ofC)imate Change on Biodiversity ofNaturaJ Ecosystems 

The fPCC peci al report on "Cl imate change and Biodiversity" repotts of adverse 
impacts 0 f cl imate change on natural ecosystems particularly the coral reefs. mangro es and 
wetlands. 

Coral Reef and Mangroves: Coral reefs wil l be negatively affected by beaching and 
reduced caJci fi.cation, which can lead to the loss of many reef-associated communi ties and 
sp cies. Consequently there will a loss of revenue from tourism and fisheries sectors 
Mangroves, seagrass beds and other coastal ecosystems will b adversely impacted by 
increas d tem peratures and acce lerated sea level rise Salt water intrusions into fresh water 
habitats will affect biodiversity. Coastal wetlands play an important ro le in the conomyof 
the country, especially in fisheries. The mangroves and the coral reefs in particu lar are 
important nurseries for several fishe , prawns and crabs, Of the annual fi sh catch ofabout 5.6 

t, about hal f is from marine fi heries: the oral reefs and associated shelves and lagoons 
alone have the potent ial for about 10 per cent of the total marine fi sh yields. Climat change 
Impacts on the coastal wetlands would thus have serious consequences for the livelihoods 0 f 
people, as well as the integrity ofthe coastal environment. 

Impacts on Mangroves : Impacts of climate change on mangrove eco. ys tems are governed 
by factors such as sea-leve l changes, stonn surges. fresh-water !Jows in rivers both from 
precipitation in their catchments as well as from snow melt in the mountains, local 
precipitation, and tcmperature changes that would influence vapo-transpiration. Sea-level 
rise would increase the sali ni ty of wetlands and. ubmerge the mangroves as well. A a result, 
mangroves with higher salinity to lerance would be favoured. At the same time, increased 
snowmelt in the western Himalayas- could bring larger quantit ic of fresh water into the 
Gangetic delta with significant consequen es for the composi tion of the Sunderbans 
mangroves. Changes in local temperature and prec ipitat ion would also inn uenee the sa linity 
of thc mangrove wetlands and have a bearing OIl plant composi tion. Any increase in 
freshwater nows would fa vour mangrove species that have least tolerance to salinity. 

Impacts on Wetlands: Climate change impact on inland wetlands is a complex iss ue. 
dependent on several variables such as increased tempera turc, rate ofevaporation, changes in 
precip itation of the catchment, changes in nutrient cycling and responses of a variety of 
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aquatic species. Although tropical lakes are less likely to be impacted by climate change a'i 

compared to temperate lake', an increase in temperature would alter the thermal cycles of 
lakes, oxygen solubility and other compounds, and affect the ecosystem. In high-altitude 
lakes an increased temperature would result in the loss of winter ice cover; causing a maj or 
change ill the seasonal cycle and species composition of the lake. Reduced oxygen 
concentration cou ld alter community structure, characterized by fewer speci s, especially if 
exacerbated by eutrophication from surrounding land use. Lake-level changes from 
increased temperature and changes in precipitation would also altercoI11munity struclme. 

Impacts on Grasslands: There are five major grassland types recognized in India, on the 
basis of species associations, geographical location and climatic factor . The same 
anthropogenic factors SLlch as livestock grazing and fire that were responsible for creating 
many of the grassland types in the country are also involved in their degradation. While 
moderate levels of grazing could be sustainable and even promole plant species diver ily , 
heavy grazin l1 reduces the plant cover and eliminates palatable blTa ses and herb while 
promoting the growth of unpalatable plants. When considering the likely impact of future 
climate change on natural grasslands , we need to consider several factors including the direct 
response of grasses to enhanced atmospheric CO2, as well as changes in temperature, 

precipitation and soi l moisture. 

It is well known that C3 and C4 plants respond differently to atmospheric COl levels and 

also to temperature and soil moi ture levels. The C4 plant c nstitute much of the biomass of 
tropical grasslands and include the arid, semi-arid and moist grasslands in India. Thcse plants 
tlu'ive w II under conditions of lower atmospheric CO2 levels, higher t mperalurcs and lower 

soil moisture, while C3 plants exhi bit opposing traits . GCM model projections of HadCM2 
[or India indicate an increase in precipi tation by up to 30 per cent for the northeastern region 
in addition to a relatively moderate increase in temp rature ofabout 2° C by the period 2041­
2060. This could increase the in idence of tlooding in the Brahmaputra basin and lhus favour 
maintenance of moist gras: lands in the regions . The HadCM2 proj ections for the rest o[ the 
country (southern, central and nQrthwestern lndia are a steep increase in temperature 0 [ 3 0 C 
in the south (except along the coast) to over 4°C in the northwest, and a decrease in 
precipitation of over 30% in the northwest wi th lilLI e change in parts o f the sout h. Slich a 
temperature increase and rainfall decrease would cau e maor changes in the composition of 
current day vegetation in these regions, w ith an overall shift to a more arid type. Increased 
atmospheric COl levels and 1 mperatures, rcsu lLi ng in lowered incidence of fro t would 

favour C3, plants includ ing exotic weeds such as watt le that could invade the m ntane 
grasslands of the Western Ghals. Risi ng temperatures would al 0 impact cool, temperate 
grasslands of the H imalayas, promoting upward migration of woody plants from lower 
elevations. 

The global circulation models are robu ,t in projecting mean temperature at globallcvel 
compared to the ir abi lity for makingproject1ons al regionallevel. The uncertainly involved in 
proj ections of prec ipitation changes is higher at global and particularly at regi onal level. The 
climate project ions, particularly the rainfall projections, have high uncertai nty and vary from 
model lo mode l. The BIOME is an equilibrium mode l and does not project the transient phase ..I 
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vegetation responses. The use of equilibrium and particularly the dynamic models is 
characterized by data limitations related to climate parameters, soil characteristics and plant 
physio logical functions. Thus, the projections of impacts using the outputs of the current 
cl imate models and vegetation response models are characterized by higb uncertainty. There 
is therefore a need to improve the reliability ofclimate projections at regional level and use of 
dynamic egetatlOn models. Data limitations need to be overcome by initiating studies to 
develop database on forest egetation characteristics and plant f1Jnctional types, plant 
physiological parameters, soil and water data and socio-ec nomic dependence and pressures 
on forest ecosystems. Research on impact f climate change on natural ecosystems such as 
coral reef, mangroves, wetland and grasslands is very limited. Thus there is a need t intensifY 
modell ing and research e fforts on impact of cl imate change on flora and fauna ofAsia. 

Note based on 

1. 	 Ravindranath, N.H., Joshi, N.Y., Sukumar, R. and Saxena, A., "Impact of Climate 
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and India; IN Shukla et aI., Vulnerability Assessment and Adaptation University Press 
2003 . 

3. 	 JPCC, 2007, Climate Change 2007, Synthes is Report. 
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Predicting Impacts of Climate Change on the Himalayan Flora 

Gopal S. Rawat 
Wildlife Institute ofIndia, Chandrabani. Dehradun. India 

The Himalayan region represents a complex chain of mountains ranging over 7000 

m in altitude, 8 degrees in latitude, 28 degrees in longitude and encompassing a climatic 

regime of tropical rain forest to alpine-arid and sub-nival zones. At 45 million years, the 

Himalaya is regarded as young and growing, in the process regularly giving rise to new 

habitats and corridors for evolution and migration of species. Palaeo-ecological evidences 

suggest that most drastic changes in the H imalaya took place during the Pliocene when the 

forests ofDipterocarpus and Anisoptera totally disappeared from the Western Himalaya and 

the wet forests were transformed into moist or dry types. More recently i.e., ca 4-5 ,000 years 

before preset (YBP) the forests of North-Western Himalaya experienced rapid decline of 

oaks, laurels, figs and gradual preponderance of Pinus. Cendrus. Spruce and graminoids. 

Thus the current Doral and faunal assemblages in the region are results of continuous 

interaction with the climate. [t is believed that changes in the climate during mid Holocene 

(ca. 18,000 YBP.) led to rapid colonizat ion ofhigher altitudes by modern flora accompanied 

by increase in human popUlations. In fact, the phenomenon of global warming after the last 

Ice age has been referred as' lima tic amelioration' in the Himalayan context. 

The Intergovernmental Panel on Climate Change (fPCC) has predicted that given the 

current rate of greenhouse gas emis ion, the earth's temperature would increase by 1.4 to 5.8 

°C by the year 2100. Rapid change in climate due to global warming coupled with increased 

in tensity of human use would certainly affect the Hi malayan flora in various ways. However, 

patterns of changes in flora and vegetation due to change in climate are too complex to 

explain and predict. The most predictable impact includes upward migration of several taxa 

leading to changes in species composition and competition at higher altitudes. Many alpine 

species, in the process of edging uphi ll, may over run rarer species near the mountain 

summits. Other species would be unable to migrate because of topographic constra ints and 

may decline or even di e out. Empirical evidences suggest that several species have begun to 

ex11ibit phenological acceleration which may affect the pollinators and dispersal agents. It 

has been established that increase in atmospheric temperature by 1 °C would cause 100 - 150 

km shift in latitude and as much as 500 km shift in isotherms. Since Himalayan mountains 

exhibit a great compression of climatic zones owing to sharp altitudinal gradient, one would 

expect a shift of 250 - 300 m in the distribution of species with increase in 1 °C. If global 

average on °C increase in temperature is applied in ease of Himalaya, most of the herbaceous 

communities at the lower alpine zone i.e, below 4200 m asl would be replaced by woody 
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communities. The Ericaceous krummholz formations would spread further in the eastern 
Himalaya. The range ofseveral moisture dependent taxa, especially cryptogams, may shrink 

further. The impacts are likely to be quite d ifferent in the trans-Himalaya which may 

experience shifts in aridity and resu ltant changes in the distribution of plant and animal 

communities. Increased temperatu re would have direct bearing on snowfall, snowmelt and 

rainfall regi mes affecting soil moisture and habitat conditions which would affect species 
regeneration and establishment. Hence the predictive models for species d istribution under 

changed climatic conditions in the Himalayan region should include soil moisture (e.g., 

alpine stream corridors), shifts in snow banks, dispersal patterns and invasive ability of low 

altitude native and alien species as variables. We also need to model landscape level 

egetation dynamics as an outcome ofspecies' physiological and li fe -history characteristics, 
inter-specific competition, landscape heterogeneity, natural disturbance and response of key 

species for detecting future changes due to global wann ing. 

Thi presentation deals with current patterns of diversity and distribution among 

vascular plants in the Himalayan region vis-a-vis predicted impacts ofcl imate change. A few 

strategies fo r long term moni toring ofsensit ive taxa and threatened habitats ar discussed. 

Keywords: Himalayan region, climatic amelioration, Himalayan flora 
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Abstract No. 2.2 

Impact of Increased Anthropogenic Activities on Marine Biota 


Baban logole 

National Institute of Oceanography, Dona Paula, Goa - 403004, Indiu 

It is evident now that the planet is warming, from north to outh polcs, and 
everywhere in bctween apparent effect of increasing temperatures is already happening. 
Global and regional climate models predict that air and se temperatures wiU rise by 
approximately 3°C during the n xl 70-! 00 years. Thus, floods and droughts will bec me 
more common due to the increased precipitation (rain and snowfaU) which will result in sea 
level ri se. E en though, marine biota have capability to absorb the consequences ofincreased 
human activities. marin living resources such as maJi ne capture fishery and coral reefs are 
showing the obviou negative impact of increased human activities . Using the complex 
numerical model ,scientists are able to esti mate the resul ting impact of cloud formation by 
idcnti fy ing the role ofmarine flora. Thus, the increased global temperature may even change 
some of the ecosystems as some species will move farther north or become more successful; 
others won't be able LO moves could become exlinct. Consequently. anything that can change 
global clouds can dramatically alter the impact ofgreenhouse gases on our changing climate. 
Other cITecLs could happen later thi centtu-y if warming continues like sea level risc, 
hurricanes and other storms. Flood' and droughts will become more common, species that 
depend on one another may become 1 ss common or even disappear. Some results of case 
studies on the effects of global wanning on marine fl ora and fauna are discussed. 

Keywords: Marine rlShery, coral reet: global warming 
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Climate Change and its Impact on Biodiversity : 

An Indian Perspective 


Rama Pal, Shweta Saraswat and J.P.N.Rai 

Ecotechnology Laboratory, Department ofEnvironmental Sciences, 


G. B. Pant University ojAgriculture and Technolopy, 


Pantnagar - 263 J45, India 


Global cli mate change has emerged as a serious challenge for sllstainability. 

Ob. el ed changes in temperature, precipitation, snow cover, sea level and extreme weather 

conditions conum) that the global waJming is a reality. Scientific models and observations 

for the past th'ousand ycars provide evidence that global warming is due to an thropogenic 

increase in greenhouse gases (i .e. CO:, CI-I.., NOx, etc.) . Proj ected impacts from climate 

change also include disruption of ecosystems and species extinc ti ons. which leads to the 

tremendolls loss orbiodiversity. As average temperature increases, optimum habitat ofmany 

species will move to higher elevations. Where changes are taking place too quickly for 

ecosyste ms and pec ies to adjust, local extinctions will certainly occur. Rapid temperature 

cbanges affecl lhe seasons including shorter winters and variat ions in sea on length. This can 

lead to changes in physiology (e.g. Oowering and leaf-break time in plants and breeding time 

in animals) and phenology as well. Increasing invasion by opportun istic, weedy and/or 

competitively mobile pecic ,and progressive decoupling ofspecies interactions (c.g. plants 

and poll inators), owing to mismatched phenology, also provid global evidence of climate 

change. 

The scienti fic understanding of climate change is now sufficiently clear to justify 

nations taking prompt action. It is vital that all nations identify cost effective steps that they 

can take now, to contribute to substantial and long term reduction in net global greenhollse 

gas emissions and reducing rate of climate change. In the present stlldy, we have under lined 

the impact ofclimate change on Ind ian biodiversity. 

Keywords : Biodiversity, climate change, global wanning, greenhouse gases, phenology 
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Occurrence of a Conifer Wood in the Desert of Rajasthan 
and its Climatic Significance 
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Birbal Sohni Institll te ofPalaeobotan); 53 University Road, Lucknow 226007, Illdia 


Email: guleriajs@yahoo.com 


Western Raj asthan forms pan of the Thar Desert. In the present communication, a 

gymnospermous wood collected [Tom east o f the Haburvillagc, situated about 45 km north of 

Jaisalmer, is reported for the first time from the Lower/ Early Cretaceous sed iments of 

Pariwar Formation. 

O nly a few plant megafossils have been reponed fro m these sediments, which belong 

to Filica lcs. Cycadales. Bennettitales and Coniferal es. The conifers are represented by 

Pagiop hyllum (Fam ily Araucariacea ) and Elatocladus (Fam ily Podocarpaceae) , All the 

kno n megafossi ls are represented by their im pressions . A petri fied wood is bei ng reported 

for the fi rst time from the e sediments. TIle fo sil is 25 cm in length and 10 cm in diameter, 

dark in co lour and ferruginous in nature. 

l.mportant anatom ical characters ofthe fossil are: - Growth rings distinct, Early wood 

zone is fa irly wide and c n 'ists oftracheidal cells o f wide lu men. Lale wood zone is narrow, 

consists 0[3 -4 thick walled cells. Parenchyma c lis present but infrequent. Xylem rays fine, 

predom inantly uniseliate, rarely biscrialc, hom cellular. Tracheidal pits on radial and 

tangential wall. Cross fie ldpits could notbe observed due to poor preservation. 

The above characters indicate that the wood belongs to gy mnosperms and it m y 

belong to family Arau ariaceae or Podocarpaceae, the leaf remain s of which I ave a lready 

been reported from this local ity, However, wi thout the preservation of lracheidal pits it is 

d ifficult to a, ign the fo ss il to e ither of the Conifer family at presen t. Consequently. the wood 

has not been assigned to any known taxa like Dadoxylon, Araucarioxylon or 

Podocarpoxylon. Such conifer woods have been reported from various Lower Cretaceous 

horizons of the Peninsular Ind ia like Kachchh, Andhra Pradesh and Tamil Nadu, bes ides 

Rajamahal. The occurrence ofgrowth rlngs, early wide wood and nalTOW late wood indicates 

some sasonality amI preval ence ofconduc ive cl imatic condi tion for good growth of plants in 

contra t to the present xeric and de. ertic cond itions prevailing in th e area. 

Keywords : Cretaceous sediments, Pariwar Fonnation, coniferalc , Dedoxylol7, Arallcaro_,yloll, 

Podocarpoxylol1 
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Abstract No. 2.5 

Late Holocene Vegetation and Environment of Meenachil River 
Basin, Kottayam District, Kerala, Jndia 
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A few carbonized wood amples were collected from Late Holocene sediments of 

Mosco and Ponpally area ofMeenachi l river basin situated about ] 5 km inland from the coast 

in Kottayam District of Kerala. The area is traversed by Meenachil River in the north and its 

tributary Meenadom in the south. The anatomical study of the woods has revealed the 

occulTence of eight type of woods. The assemblage consists of six genera viz., Artocarpus 

(Family Moraceae), Calophyllurn 2 spp. (Family Clusiaceae), Canarium (Family 

Burseraceae) , Holigarna (Family Anacardiaceae), Sonneratia (Family Sonneratiaceae) and 

Spondias (Family Anacardiaceae), comprising seven species representing five families. In 

addition , one wood sample, which could not be assigned to any genus, due to poor 

preservation, is bei ng reported simply as a dicotyledonous wood. No carbonised wood has 

been reported so far from the Kottayam District and the paper deals with the identification 

and significance of these woods. 

Among the above genera, Calophyllum, Spondias and Sonneratia are inhabitant of 

coastal area and indicate near shore conditions. Sonneratia is a mangrove tree that occurs in 

the ti dal creeks and littoral forests. Calophyllum inophyllum, a comparable species is found 

all along the coast above high water mark and in the evergreen forests ofWestern Ghats along 

the river banks. Likewi se, Artocarpus (the jack fruit tree), Holigarna and Canarium are 

found in the evergreen forests ofWest em Ghats including Kerala. The assemblage indicates 

that the area was covered by dense forest and witnessed high rainfall and the prevailing 

conditions must had been warm and humid at the time of deposit ion of these woods. Further 

the occurrence of Sonneratia, specia lly indicate the proximity of sea in the area at the time of 

deposition of these woods. Obviously, the sea level was much higher at the time than at 

present. Evidently, the sea had receded since then . Thus the carboni sed woods have provided 

evidence about the prevailing environmental conditions and sea level fluctuations in the area. 

Keywords : Ilnloccne, Mecnachil River Bw;in, carbonized wood, ArloC(Jrfllls, Ca/ophyllwlI, 

Callu/";um. f/vligumG . SOlllleralia . Spvndias 
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Rewarding Forest Conservation in Forest and Climate 

Change Regime : Indian Perspective 


Sandeep Tripathi and V. R. S. Rawat 

Indian Council ofForestry Research and Education, po.,New Forest, Dehradun, i ndia 


E-mail: sandeeptrip@icfre.org 


The role offorests in CHG reduction and thus mitigation of climate change is globally 

recognized and ac cpted. The international community i ~; increasingly d vi sing appropriate 

mitigation and adaptation strategies under Land Use, Land Usc Change and Forestry 

(LULUCF) sector. One such pol icy approach presented in COP 11 ofUNFCCC in Montreal, 

was 'Avoided Deforestation" or Compensated Reduction, later known as Reducing 

Emission from Deforestation and Degradation in Developing Countries (REDO) in the 

fhrther int mational negotiations. Initia lly, the issue of the forest conservation and 

. tabilization of forest cover wa not recogni.led under this policy approach as it mai nly 

focused to compensate the coun tries for reducing their rate of deforc tation. Therefore, Ind ia 

proposed the concept of Compensated Conservation, for compensating the countries for 

maintaining and increasing their forest as carbon pool as a result of conservation and 

increaseli mpr vement in forest cover as an additional policy approach in the last COP 

12/MOP at Nairobi in 2006. [n the UN workshop at Cairns, Australia in March 2007, SBSTA 

(Subsidiary Body for Scientific and Techn ical Advice) meeting at Bonn, Getmany in June 

2007, and recently conclu ded COP J3 IMOP at Bal i, the Indian approach was successfully put 

forth. The international community at Bal i duly recognized the ro le of conservation and 

accepted enhancement of forest carbon stocks due to sustainable management of forests, as 

one of the policy approach for providing incenti es. Further, the Bali Action Plan (BAP), a 

comprehensive process for sustained implementation of UNFCCC through long term action 

as on now and beyond 2012, adopted in Bali COP/MOP, also acknowledged the role of 

conservation in enhancement of forest cover. It is hoped that India's sustained efforts in the 

fi eld of forest conservation, would benefit immensely from acceptance of this policy 

approach. 

Keywords : Forests, climate change, compensated conservation, REDO avoided deforestation 
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Abstra-:t No. 3.2 

Afforestation and Reforestation Projects for Climate Change 

Mitigation: Current Status and Need for Policy Reforms 


V.R.S. Rawat and Sandeep Tripathi 

Biodiversity and Climate Change Division, 

Indian Council ofForestry Research and Education (ICFRE) 
Po. New Forest, Dehradun -248006, In dia 

The Climate Change is one ofthe biggest cone m s recent for the global community. 
The Clean Development Mechanism (CDM) of Kyoto Protocol is one of the flexi ble 
mechanism for emission reduction activities in developing countries. India is the leading 
COM country in the world with 35 % of the total share of global CDM pr ~ects. The Land 
use, Land use Change and Forestry (LULUCF) ector can provide relatively low cost 
opportunities to combat Cl imate Change. Although the CDM framework has been very 
active in India, The development of Forestry Projects under CDM has not been a great 
success so far. The CDM project submission process to CDM EB is very cumbersome. Tbe 
approval rate of methodologies is very low. So far a total of 35 methodologies have been 
submitted and only ten have been approved by CDM-EB. Poor understanding of CDM AIR 
Modali ties and Procedures has been one of the primary reasons for high rate of rejection of 
these projects. There is a p tential of 59.6 million ha of land for afforestation and 
reforestation ac tivi ties within the country. A sizable amount of this potential can be 
undertaken for COM AIR projects. So far only 6 COM AIR Projects have been developed in 
India and only two of them could make lip to CDM EB. 

In the present paper analysis ofCOM AIR projects at national and International level 
have been made. Suggestions have been made to create an enabling environment for 
development of CDM AIR projects . Some of the recommendation suggested are: (i) 
Delineation of Potential CDM AIR area (ii) Inclusion of CDM Component in Forest 
Working Plans (iii) Opening ofa COM Cells in research and extension wings of State Forest 
Departments (iv) Tncorporation of CDM component in JFM Programs (iv) Promoting 
Forestry based COM Projects other than CDM AIR, such as biomass based renewable energy 
proj ects and fuel switch ing from Jatropha oil etc. (v) Making the finance available for COM 
Projects (vi) Institutional Strengthening and capacity building and finally creating market 
for COM AIR Proj ects . 

If lndia has to maintain its I ad in CUM it must offers a well tailored COM 
infrastructure for afforestation and reforestation projects and then only the transaction costs 
can be lowered down and an enab ling environment for COM AIR project will be created. 
Success of COM AIR projects in country will help forest dependent communities in poverty 
all eviation at local level as well as cl imate change mitigation for global benefits. 

Keywords: Climate change, CDM modalities and procedures, Kyoto Proto, LULUCF, afforestation 
and reforestation 
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Climate Change on Forest Health 

(Susceptibility to Pests and Disease) 
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The subject of climate change continues to be a topic of hot debate at global 

conventions, world summit and internationals conferences and symposia. Global cl imate 

chan ge is a reality, a continuous process that needs to be taken seriously, even though there are 

large uncertainties in its spatial and temporal distribution. Many evidences have been 

gathered to depict that climate change is taking place. An increase in insect and diseases 

caused losses in forests could become one of the firs t observed effects on climate change. 

vidence ofthis can be found in the pest epidemics, which are the result of stress brought on 

by periodic drought or excess rainfall. The potential effect on cl imate change on pest and 

diseases in agriculture provide a fra mework from which to identify potential forests sector 

effects . They include both pos itive and negati e responses. Some anticipated negative effects 

on forests health are include higher temperature could result in more generation ofinsect p sts 

per year, thus increa ing their destructive potential also the ratios of pest species to their 

natural environments could change in favour o flhe pest and widening CIN ratios in trees due 

to elevated level ofCO~ could increase foliage consumption by insects. Ahigher incidence of 

insects and diseases out break due to stress on trees associated with climate change will result 

in higher level of combustible fuels in forests increasing the risk of wi ldfires. Some 

ant ic ipated positive cffects includes, due to wamler temperatllre and elevated CO:'. level might 

allow forests to sustain hi gher level of insect and disease damage without reduction in growth 

and yield, increase vigour of trees and forest growing in elevated CO2 level could be more 

resistant to attack by insect and elevated CO: may benefit plant hea lth and productivity by 

altering the morphology and physiology of plants to the detriment of disease causing 

orgal1lsm. 

The hazard of destructive in ect and disease outbreak in trop ical forests is believed to 

be minimal when compared to temp rate and boreal forests because of their inherent 

divers ity. This review clearly indicates that in tropical managed forests; there are an ample 

number of insect and disease pests, which could respond to change in climate. 

Keywords: CI imate change, pests, diseases, tropical forests , vigour 
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Abstract No. 4.1 

Rise in Atmospheric CO2 and its Impact on Crop Productivity: 


Re earch and Technology: South Asian Studies 


D.C. Uprety 

Division ofPlant Physiology, fndian Agricultural Research Institute, 


New Delhi - 11 0012, India 


Global cl imate changes are unique challenges to agro ecosystems. Human activities 
have altered the global atmosphere effecting the land environment. The doubling of human 
population in next five y ars wi ll intensi fy such pressures. These anthropogenic changes in 
atmospheric composition and cli mate w ill significantly influenc the performance of crops. 
The exponential ri se in the atmospheric CO" is an important global climate change, which 
effectively in fluences the productivity of the crop plants . Innovative approaches, for 
conducting long-term experiments to study the responses ofcrop plants to the elevated COl ' 
have been developed. 

Open t p chamber CO" enrichment technology was designed and developed fo r south 
Asian conditions to study the effect ofelevated CO2 on crop plan~s. CO2 enrichment research 
network of India, Bangladesh, Nepal, Pakistan and Sri Lanka for multi country, multi 
disciplinary experiments is being coord inated by the National Fellow Program ofthe Indian 
Agricul tural Research fnsti tu te, New Delh i (Uprety et al. , 2000). APC based system of Free 
Air CO2 enrichment (FACE) technology was established with the help of National Physical 
Laboratory, New Delhi , to generate real istic biological data on the crop responses to the 
higher CO2 concentrations. 

Addition of these facil ities has brought India on the GCTE CO~ research network 
which is active in tackling vulnerable issues and adaptation strategies for me lin g the rise in 
global food demand in the face of global environmental changes. 

Field experiments, fo r studying the responses ofcrop plants to the elevated CO2 using 
OTC and FA E facili ties, were conducted at IARl under a global change national 
programme. Following conclusions were drawn: 
1. 	 Elevated '0] was highly significant in mitigating the adverse moisture stress effect on 

plant processes in Brassica species. 
2. 	 There is a possibility of tTansferri ng CO, responsive characters [rom one parent 

Brassica campestris to tbe hybrid Brassica oxycamp. 
3. 	 Stud ies On rice and wheat cultivars demonstrated significant increase in their growth 

and productivity. These responses have been physiologically and bio- chemically 
characterized . 

This information is an important component for dec ision support system for Irategic 
choice of crop cultivars to be promoted in agricu ltural area vulnerable to global 
environ m ntal change to su 'lain the livelihood amongst the p or farmers . 

Keywords: OTC, FACE CO)' Brassica campestris, Brassica oxycamp, rice cultivar wheat cultivar 
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Despite uncertamtles, global warming is now a reali ty. The global average air 
temperature near the Earth's surface rose by 0.74°C during the 100 years ending in 2005. The 
fact that eleven of the last twelve years were among the 12 warmest years since 1850, provides 
enough evid nee for prevailing trend of globa l warming. There are other evidences too. For 
example, during the last 50 years, cold days, cold nights and frost have become less frequent, 
while hot days, hot nights, and heat waves have become more frequent. Warming has caused 
rise in global average sea level at an average rate of 1.8 mm per year over past 50 years. While 
most land areas have witnessed increase in frequency of heavy precipitation events, regions 
like Sahel and Mediterranean have recorded long term decreasing trend in the total 
precipi tation. 

India is no exception to these trends, though not as dramatic as in other regions. There 
has been a warming ofOAC during past 100 years wi th a significant warming trend along the 
west coast, central India, and interior Peninsula and over northeast India. Interestingly, a 
cooling trend has been observed in northwest and some parts of southern India. The all India 
monsoon rainfall does not show any trend but there are some regional patterns . Areas of 
increasing trend in monsoon rainfall are found along the west coast, nortbAndhra Pradesh and 
north-west India, and those of decreasing trend over east Madhya Pradesh and adjoining 
areas north-east India and parts of G ujarat and Kerala. There are amp le evidences that 
glaciers in Himalayas are receding at a rapi d pace. 

One of the anticipated effects of climate change is the possible increase in both 
frequency and intensity of extreme weather events, such as cyclones, floods, and droughts. 
The wan ning of the earth may fue l interactions between the ocean and atmosphere that will 
amplify the frequency and intensity ofextreme weather events. The quest i n now being asked 
is - are extreme weather events becoming more frequent, and is this linked to climate change? 
As per a recent report by the World Meteorological Organization (WMO), the number of 
global hydro-meteorological disasters has doubled over the last decade. During th i period 
more than 90 per cent of people killed by natural hazards lost their lives as a consequence of 
severe meteorological and hydrological events. Asia was the continent, most frequently bit by 
disasters registering nearly 43% ofthe total number ofevents, and 80 % of the people killed. 

The case of India is quite int resting. For a country that has more than 70% of its 
population relying on agriculture directly or indirectly, the impact ofextreme weather events 
is critical. In the last decade, India has repeatedly been battered by successive monsoon 
flooding and droughts. For example, for the last 100 years in the state ofOrissa , 49 years have 
experienced floods, 30 have had droughts, and 11 faced cyclones. These extreme weather 
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events are not mutually exclusive. It is not unusual for a year to have a combination of 
droughts, floods and cyclones. Instrum ental records over the past 130 year, however, do not 
show any significant long-term trend in the frequencies oflarge-scale droughts or floods in 
the summer- monsoon season. 

There are no definite evidences of impact of climate change on Indian agriculture 
because of very slow change in cl imatic parameters. However, there are some trends that can 
be noticed ­

• 	 There is preliminary evidence to indicate that decrease in rice yields in recent past, in 
Indo-Gangetic plains was associated with a slight rise in minimum temperatures. 

• 	 Wheat yie lds and hence production is showing losses of 4-6 million tons in recent 
years due to increased heat in February-March. 

• 	 Increasing temperatures in Himachal Pradesh have resulted in a decrease in apple 
productivity and the apple belt is gradually shift ing upwards (h igher elevation). 

The Fourth Assessment Report of the Inter-governmental Panel on Climate Change 
(IPCC) indicates that the projected temperature increase by the end of this century is likely to 
be in the rang 2 to 4.5°C with a best estimate ofabout 3°C, and is very unlikely to be less than 
I.5°C. Values substanliaiJ y higher than 4.5°C cannot be ex luded. This warming trend is 
likely to be much higher than the observ d changes during the 20th century and is expected to 
be wi thout precedence during at least the last 10,000 years. 

Precipitation is projected to intensify during the 21 st century. At low latitudes, there 
would be decreases in some regions and increases in others . It is also likely that there would 
be greater Asian monsoon precipitation variability, more intense future tropical cyclones and 
dep letion of snow cover. It is very likely that hot extremes, heat waves, and heavy 
precipitation events will continue to become more frequent. The projected sea level rise by 
the end oftbis century is like ly to be 0.18 to 0.59 metres . . 

Increase in temperatu res, and increased variability of rainfall would considerably 
impact food production. Recent IPCC report indicates considerable probability of loss in 
crop production wi th increases in temperature in tropical regions. Indian studies do confirm 
this trend, although there is considerable disagreement among the studies on the magnitude 
of loss . Among cereal crops, important for food security, wheat is most sensitive to even 
small increa 'e in temperature. Relatively, rice has greater tolerance to increase in 
temperature. It is, however, possible for farmers to adapt to a limited extent and reduce the 
losses. Increasing glacier melt could affect availability of irrigation especially in the Indo­
Gangetic plains, which, in tum, would have consequenc s on food production. Global 
warming in short-term is likely to favollt" agricultural production in temperate regions 
(largely Europe, north America) and negatively impact tropical crop production (South Asia, 
Africa). This i likely to have consequences on international food prices, trade, and could 
lead to a problem offood security. 

Keywords : ,Iobal warming, agricultllrai productivi ty, lPCC 
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The Indo Oangetic plains (lOP) occupy one-sixth of south Asia's geograph ical area, 
hold nearly 42 per cent of its population and produce more than 45 per cent of ilS food. Rice­
wheat is grown on more than 12 million ha and provides Ii el ihood for millions in the lOP. An 
increase of temperature by 1 ° C in the lOP would be equivalent to a 150 km orthward sh ift of 
isotherms (l ines joining places with similar temperature) or about 150 m lower altitude. There 
is a 5 per cent decrease in rice yield of every °c rise above 32° C. During the 1990s the 
atmospheric abundance ofalmost all greenhouse gases (OHO) reached their highest value 'n 
recorded history. According to recent estimates by IPCC, by 2100 A.D., the average global 
surface temperature is projected to increase by 1.4 to 3° C above 1990 levels for low emission 
scenario ofGHG and between 2.5 to S.8°C for higher emissions. 

To assess how environmentally efficient the various production systems are with 
respect to OHO emission and how much food is actually placed on the table, a Carbon to 
Productiv ity Ratio (CPR) is an ideal measure. CPR the 'alue obtained by dividing the total 
annual on-site GHG emissions stated as Carbon Equivalents (CE) by the total annual food 
production in that area. Yield data of a long-term experiment at Pantnagar (India) with NPK 
fertilizers at 50, 100 and 150 per cent of the recommended dose when analyzed after 
constructing annual OHO budg ts individually for CO2, CH4 and "0 indicated that CPR 

values of 0.45 to 0.48 were possible with zero tillage and reten tion ofcrop residues at al l three 
levels of N ferti lizer use as against 0.54 for control (wi thout fertilizer). However, with 
conventional tillage practices and burning of crop residue the CPR values were 0.57 to 0.73 
showing a higher level of ineffectiveness in the production system. The lower the CPR, the 
more efficient the system is at producing food with respect to the health of the global 
environment. 

Resource conservation technologies (RCTs) of agriculture, which include Reduced/ 
Zero tillage/surface seed ing practices and crop residue retention, can reduce GHG emission 
and curb global wanning. Water and agriculture 'ectors are likely to be the most sensitive to 
climate change in South Asia. Increasi ng demand for waters by competing sectors may limit 
the viabi lity of irrigation as a sustainable adoption to climate change. Positive changes in 
agronomic practices like ti !iage, manuri ng and irrigation can help reduce greatly the release of 
greenhouse gases into the atmosphere. Adoption of zero tillage and controlled irrigation can 
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drastically reduce the evolution of CO:! and N~O. Reduction in burning of crop residues 
reduces lhl; generation of CO" P and CH, to a significant extent. Saving on diesel by 
reduced tillage and judicious use ofwatl':: [ pumps can have a major role to play, with eacb litre 
of die "el generating 2.6 ka CO~ . Aboul 3.2 Mt CO/annum (about 0.8 MMTCE) can be 
reduced by zero-tillage in the 12 million ha under rice - wheat systems in the IGPs alone . 
Intermittent inigation and drainage 'Nill further reduce CH. emlS ion from rice fields by 28% 
- 30%. Use of calcium nitrate or urea, instead ofammonium su lphate and deep placement (5 
cm) through zero till machines, instead of surface application of nitrogenous fertilizers can 
increase its eftlci ncy and plant uptake thereby reduc ing ~O emission. 

Adopt ion of zero tillage (ZT) systems on one hl:ctare of land would save up to 100 
Jitres of diesel and approximately I million litres or irrigation water. Using a conversion 
factor of2.6 kg of carbon dioxide per litre ofdiesel bUl11ed, lhi represents a quarter ton les, 
emission per hectare of carbon dioxide. a principal contributor to global warming. Zero­
til lage even on 5 million hectares ofrice-wbeat y tem area would save 5 billion cubic metres 
oCwater each year. About 0.5 billion litres of saving in diesel every year will help reduce 
carbon dioxide emissions by 1.3 million lOllS every year. 

Judicious managemen1 of water is imperative in ZT to improve productivity ofland 
and water. Adoption or resource conservation technologies (RCTs)/ZT has assu med greater 
acceleration in [he IGPs. In Zero till direct seeded rice 12 - 15 em water (30 litre diesel) is 
reduced or puddling. Due to no cracking of ZT field (which i' common in puddled field ), 
there is saving of7-8 irrigation. (210 li tre diesel) p r hactare in riee cultivation. Total saving 
of 240 Litre die el reduces CO, emission by 624 kg/ha. FUliher, reduction in ground wat r 
exploitation rcduc s the high cone ntrations of toxic arsenic in drinking water especially in 
West Bengal and Bihar. 

In first irrigation under ZT wheat, there is aving of 5-6 hrs/ha (20-2 1 hrs in 
conventional and 14-15 hrs in ZT) under 511 Pdiesel motor pumping. Thi saves 14.3 kg CO, 
emission. In pcnnanent bed planting of rice - wheat system the total requirement of water is 
reduced by 30 per cent (from 155 cm in conventional to 108 cm) which means saving of 47 
COl d plh of water (220 litre diesel =572 kg CO!). Better placem nt of through ZT helps to 
increased N usc efficiency and reduced NC\ leaching to soil. 

RCTs improve water use effi ciency! water productivity and overall input use 
effi ciency. R Juction ofwater use in land preparation (ZT Dir ct Seeded Rice and wheat, ZT 
transplanted rice) and adoption of second generation RCTs (laser land levelling system, 
residue management, bed planting and crop diversifi cation) are worth con idcring in this 
regard . These RCTs are cost effective to improve tolal factor productivity as well as t reduce 
ai r and soil pollution. 

Keywords: ResoUIce Conservation Technologies (RCTs) , greenhouse gases (GHG), Carbon to 

Productivity Ratio (CPR), Zero Tillage and Carbon Equivalents (CE) 
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Simulation of Rice Yield and Methods ofAdaptation under 

Climate Cbange cenarios 


P. Krishnan', B Ramakrishnan\ K S Raob and R N Dashh 

a Division ofBiochemistry, Plant Physiology and Environmental Sciences, 


/. Division o[Crop Production, 


Central Rice Research Institute, Cuttack - 753006, il1dia 


Elevated atmospheric CO2 concentration and temperature will affect rice y ield under the 

changing climate scenarios. Using the models ORYZA I and TNFOCROP-rice, the impact of 

climate change on rice in eastem India was characterized. he crop and weather data from ten 

different sites viz., Bhubaneswar, Chinsurah, Cuttack, Faizabad, Jabalpur, Jorhat, Kalyani, 

Pusa, Ra ipur and Ranchi, which differed ignificantly in their geographical and 

cl imatological factors, were used in these two models. At the current level of C02 (380 ppm) , 

the ORYZA land INFOCROP-rice models predicted an average yield change of -7 .20% and­

6.66%, re. pecti ely for every 1°C increase in temperature. Likewise, an increase in CO2 

cone ntration of up to 700 ppm resulted in an increase of about 30.73% and 56.37%, 

respectively, which are higher than the actual increase of about 10%, reported by the recent 

FACE experiments. When the increase in temperature was about + 4°C above the ambient 

level, the differences between the two mode ls became remarkably smal l. The ORYZJ\ model 

predicted the yield changes of -7.63 . -9.38 and -15.86% for the DFL, GTSS and UKMO 

scenarios, r spectively while the INFOCROP did at -9.02, -11 .30 and -21.35%, for the 

corresponding scenarios. There were considerable differences in the yield predictions for the 

various sites, with more declines in Cuttack and Bbubaneswar, but with increases for lorhat. 

These differences in yie ld predicti 11S were mainly due to the rice sp ike let sterili ty at high 

temperatu re Our results suggest that the limitation on rice yield imposed by high COl and 

temperature can be mitigated, at least in pali, by altering the sowing time and selection of 

genotypes that possess a higher tolerance ofspikelet fe rtility at high temperatures. 

Keywords: Adaptation, climate change scenario, INFOCROP-Rice, ORYZA 1, rice 
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Climate Change and Agriculture 


Chhemendra Sharma 

Radio & Atmospheric Sciences Division 


National Physical Laboratory, New Delhi - lJOO]2, India 


The impact of climate change on crop product ion and hence f()od security is an 

extremely imp rtant issue. At the global level , the foutih Assessment Report (AR4) of the 

In tergovernmental Panel on Climate Change (IPCC) projected an increase in the potential of 

food production with increase in average local t mperatures between 1-3°C, but above this 

range the food production is expected to decrease. The AR4 has also projected that crop 

yields could increase up to 20% in East and South-East Asia while they could decrease up to 

30% in Central and South -Asia by the mid-2 1" century. The available scenarios in Ind ia for 

future climate change show a high regional variability both in temperature and precipi tation 

patterns. But the general projections of climate change impacts on agriculture in India point 

towards the adverse impacts and thus efforts may be required to develop/enhance appropriate 

adaptation technologies and measures. 

Keywords: Climate change, crop production, food security 
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Abstract Nil. 5.1 

Climate Change and CDM Regime : Sundarbans Mangroves 
Joyashree Roy 

Department ofEconomics, Jadavpur University, Kolkata - 700 032, India 
E-mail: jroy@caI2.vsnl.net.in 

Sunderbans, the largest delta in the world, consists of 10,200 km
2 

of M angrove 

Forest, spread over India (about 4200 km2 of Reserved Forest) and Bangladesh (about 6000 

kn/ Reserved Forest). It is a lso the largest Mangrove Forest in the world. In predicted climate 

variability scenarios, frequencies and intensi ties of tropical cyclones in Bay of Bengal will 

increase particularly in post monsoon period and increased flooding in low lying coastal 

areas. Most pertinent question is how current developmental investment and local 

stakeholders are address ing these concerns, in deci sion making process. G iven the nature of 

the ecosystem with "incomparable value", addressing human well-being through 

vulnerability reduction would mean conservation of the unique ecosystem that can make 

income less uncertain through maintenance of the natural capital stock, human capacity 

building and substi tuting natural capital by marunade capital fo llowing precautionary 

principles determined by safe minimum standard. 

Most important development choice with re levance to sea level rise in Sundarbans is 

in the shoreline protection through embankments. Major engineering intervention, which 

statted in 1770 through 3500 km long embankment construction, changed the demographic 

pattem and disregarded the natural eco ·yslem. Embankment was created by hi ring laborers 

from neighboring d istricts and states, who later became settlers there and started agricul tural 

activity. Besides, this development induced migration and human induced land use pattern 

change, creation ofembankment itself led to maj or interference with the natural environment 

causing conversion of forest land for creating human sett lement and embankment itself 

th rough reclamation. The current population pressure has a historical past and past 

development choice has led to irreversibility that throws up a major challenge ofresettlement 

for increasing w ithin island movements. 

The mangrove-shrimp linkage in the Sundarbans is different from that of other 

locations. There is little encroachment of shrimp famlS into mangrove forests . However, the 

location ofshrimp farms in the Sundarbans on agricultural land hifts the burden way from 

mangroves. Conversion to aquaculture ponds has induced further embankments. The 

antici pated rapid growth of the shrimp aquaculture industry has generated debate within the 

sLlstainability paradigm: regarding its contribution to econom ic growth distribution of its 

benefits and costs, the environmental and ecological impacts, and the extent of public 

partic ipation . More recent development choices are also in no way different than traditional 
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development pathway which causes vulnerabi li ty and does not mai nstream ecosystem 

resil ience. Huge investments projects on infrastructure are still guided more by engineering 

design, civil works. ground water abstraction etc. rather than integrated approach of cco­

friendly shoreline protection, rain water harve ting. imlOvating institutional arrangements, 

etc. Approximately 80% ofthe development funds are spent on road construction, bridges, 

civil works , etc. Very recently n angrove protecti on, eco-tourism etc are also highlighted as 

discrete developmental objectives rather than as a dev lorment agenda with an ecosystem 

approach . 

Past and ongoing developmental efforts have depIct d the producti ve base of the 

local economy. Tidal fiats, agricultural land, mangrove forests decl ined over time, while 

abandoned aquacu lture ponds, degraded mangrove, salt marshes have increased. Over a 

period ofone decade ti1angrove area has dec lined in Sundarbans ii-om 420 ( 1987) hectares to 

2 J2 ( 1997) hectares. No appropriate valuation has been done to assess the monetary damage 

due to these physical changes in natural capital due to development choices and natural 

eros ion. Consistent with sustainable development agenda any development related 

investment need to ensure how natural capital along with manmade and human capita l are 

maintained to get an es timate of genuine inve tment and evaluation criteria needs to be 

consistent with Green accounting. 

Goal of mains treaming climate variabi lity wo uld mean systems approach where 

shorelinc protection, II elihood iss ue and social mobil ity all can be addressed. In th is context 

single mo. t important conservation agenda in Sundarbans can be investment in Mangrove if 

goals are to susta in fl ow of ecologica l, economic, social and cultural service. and reduce 

social conflicts . Mangroves provide global sink capacity, maintai n ecological functions to 

support biodiversity and sustain economic li velihood flowi ng from ecologica l service flow 

locally and regionally. Mangrove swamps are considered very suitable for shrimp farmi ng. 

Green accounting framework can show explicitly land loss, soil quali ty 

deteriorat ion, forest depletion. habitat loss, water qual ity change. I f market conditions are 

allowed to drive the land use pallern, thcn it is necessary to revise the market priccs through 

conect valuation of land in the light of ecologi al values. Increasing demand on land for 

alterna tive uses and deCli ning land stock is bound to lead to conflict between governments 

sponsored con 'crvation efforts and local livelihood opportunities . G iven all the 

ul1ccli aintics, based on precau tionary princip le, immediate action can be maki ng necessary 

institutional changes and sharing ofinformation about the regulations, land usc management 

and adoption of grecn accounting framework to help in making genuine investment 

decisions. The importance of mangroves should be promoted through economic valuation 

ofmangroves, leading to increased levels ofreforestation and conservation. 

Keywords: Sunderbans, mangroves, COM. green accounting 
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Abstract No. 5.2 

Observed Sea Level Rise along the Coasts of the 

North Indian Ocean 


A.S. Unnikrishnan 
National Institute o/Oceanography, Goa - 403004, India 

Sea Level ri se is one of the good indicators of global warming. Estimates of sea level 

changes are usually made by analysing past records of tide-gauges, which are instruments 

installed in harbours to make continuous measurements of sea level variations. Studies on 

global sea level rise based on past tide gauge records have given estimates of about 1.7 

mm/year for the 20'h century (Bindoff el aI. , 2007). Even though a lot of studies have been 

made on global sea .level rise, very few studies exist on regional sea level changes. Sea level 

rise estimates along the Tndian coasts from past tide gauge data were made in some earlier 

studies (Emery and Aubrey, 1989; Douglas, 1991 ). However, in one of our recent studies 

(U nn ikrishnan and Shankar, 2007), all the records having a duration of more than 20 years 

were analysed. It is shown that these records are consistent with each other, and can be used 

for estimating sea level rise. 

Even though all records were analysed for inter-consistency checks, only some were 

chosen for sea level risc stimates. The estimates , which are statistically significant for the 

records having more than 40 years duration, were selected. These are based on the records at 

Aden, Karachi, Mumbai , Kochi, Visakhapatnam and Kolkata . The estimated trends at these 

stations, except that at Diamond Harbor (Kolkata), vary between 1 to 2 mm/year. The tide 

gauge at Diamond Harbour is located in the d Ita region, which is known to undergo 

subsidence (Good bred and Kucl, 2000). The estimated trend at Diamond Harbour is found to 

be over 5 mmlyear, which could be partly associated with the sinking of the delta. The sea 

level rise trends obtained in all the stations (except Diamond Harbour) along the north Indian 

Ocean coasts are found to be consistent with global estimates, with an average of about 1.30 

mm/year. 

Keywords: Sea level rise, tide gauge records 
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Abstract No. 5.3 

Climate Change Impact on Trace Metals in Soil aDd Plants 

M.N.V. Prasad 
Department ofPlant Sciences , University ofHyderabad, Hyderabad - 500 046, i ndia 

T his presentation w uld deal with the impact of climate change phenomena on so il 
and plants with specific ~xamples ofa) ionic sir ss b) ionom ics c) meta llomics d) brackish or 
estuari ne and wetland ecosystems and e) biogeochemistry of trace elements under climate 
changc strcss phenomena. Salinity and sodic i is a serious global problem for commercial 
agricul ture, particu larly in arid and semi-arid regi ons . Mediterranean and tTopical regions 
have a high degree of soi1variability that affect the crop yield . The popu lation explosion and 
rapid urbanizati on have forced fa rmers to util ize marginal lands with ground waler irrigation 
leading Lo soil salinization. Sal ini ty alters the mineral composition in plants and cau 'es 
ess nLial ioni c imbalance or tox ic ity and is known to reduce the plant growth . Salinity also 
decreases p hotosynthes is. Severe salt stress disrupts homeostasis in waler potential and ionic 
balance of crop p lants. Sal ini ty regimes in aquatic systems can vary significantly over time, 
either as a r\!sult of evaporative effects or the influx of saline groundwater. Metal uptake, 
transport and relea 'e by all mar h plants p lay an important role in phytoremediation and 
restoration. Sodicity refers to the amoun t of sodium in soils. It develops through a pro ess 
whereby sod ium ions build up in preference t oth r 'oil cations (particularly calcium) on the 
exchange comp lex of the soil. Increases in soil pH and decreases in calcium and magnesium 
usually accompany this proces . Soils with these features are known as sadie soils. AmeasW'c 
ofsoil sodicity is known as the Exchangeable Sodium Percentage or ESP. Sodicity in soils ha 
a strong influence on the soil stl1lctu re ofthe layer in hich it is present. A high proportion of 
sodium wi thin the soil can result in essential nutrient disper ·ion. Dispersion occurs when the 
clay partic les swell strongly and separate from each other on wett ing. On drying, the soi l 
becomes dense, cloddy and without stmcture. This dense layer is often impermeable to water 
and plan t roots. In additi on , scaling can occur when the topsoil ic eroded and sodic subsoil is 
exposed to the surface, reducing plant availabl e water content and increasing erodibility. 
Nutr itional security and qual ity of agricu ltural produce and also the problems of hazardous 
trace clement availability will also be covered. 

Keywords: Climate change, salinity, sodlcity, trace metal' 

Souvenir & Abstracts 86 



Abstract No. 5.4 

Climate Change and its Environmental Impacts 
J.. Pandey 

National Environmental Engineering Research Institute (NEERI), 


Nagpur - 440 020, India 


Climate change is defined as a "shift in the average weather" of a given region. This is 

measured in tenns of perturbations in temperature, wind patterns, precipitation, and stonns 

etc. Gl obal climate change means change in the Earth's climate as a whole. The Earth's natural 

climate has been under continuous change. However, the present climate change differs 

significantly from the previous climatic changes both in telm s of magnitude and rate of 

change. This can be attri buted mainly to anthropogenic events and activities. 

Human as well as ecosystems' health is always under risk due to the climatic 

perturbations, stratospheric ozone depletion, continuously degrading air quality, loss of 

biodiversity, changes in hydrological systems and consequent changes in wetlands, marine 

and river water quality, land degradation and associated food-contamination. There is 

plethora of evidence suggesting that climate variability can result in spread of diseases , 

morbid ity and mortality (http://wwws.who.intiglobalchange/climate/enJindex.html). The 

kind ofhealth impacts include common vector-borne diseases such as malaria and dengue; as 

well as other major killers such as malnutrition and diarrhoea. 

In short, the impacts o rc limate change can be ofany ofthe following kinds: 

• Global warming, increased temperature-gradients and their impact on ecosystem and 

human health; 

• Soil, land and forest degradation (i .e. the impact on the terrestrial ecosystem); 

• Perturbations in water supply and demand; 

• Perturbations in environmental water demands, rainfall and precipitation etc.; 

• Aberrations in flooding patterns, desertification etc.; 

• Impact of rising sea-levels on coastal lands; 

• Impact on local, regional and global ecological and socio-economic patterns; 

These impacts are not going to be evenly distributed throughout the globe. DeVeloping 

and developed countries will face different kinds of impacts . This calls for looking into the 

'Address for Correspondence : DI~ J.S Pandey, Deputy Director & Science Secretary, National Environmental 
Engineering Research Institute (NEERJ) , Nagpur - 440020, India, Phone + 91-712-2249753, e-mail : 

. jsyandey@neeri.res. in 
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socio-economic routes and linkages with the health impacts. Then, different ecosystems will 

have differen t kinds of impacts on themselves as well as on the ir inhabitan ts. For instance, 

small island states , high mountain 70nes and densely populated coastal areas wi ll have 

different levels of vulnerability and adaptabi lity. Some issues and research areas hi ch 

requi re closer look and analysis can be categorized as follows: 

• 	 Vulnerabil ity and adaptabil ity dynamics and innovative approaches toward s disease 

management; 

• 	 Population dynamics, its household, socio-economic and age-stmctures and their 

relati ve sensitivi ty towards vulnerabili ty and adaptability; 

• 	 Land-use changes, their implicat ions in tenns of climate change and the resultant 

impacts on ecosystem and human heal th ; 

• 	 Trans-boundary air pollution, its interaction with climate change and impact on 

human and ecosystem heal th ; 

• 	 Techn ological interventions and environmental management; and 

• 	 International interactions, negotiations and tran 'national health governance etc. 

The presentation, inter alia, looks into past and present issues connected with climate 

change and its impact on human health, and ana lyses various on-going research activities 

which provide many useful insights into the land-air-water linkages of climatic changes with 

perturbations in carbon , hydrological and bio-geo-chemical cycles and their resultant impacts 

on human hea lth. 

Keywords: Climatic variability, global warming, population dynamics, wind patterns 
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Abstracl ~o . 5.6 

Quantifying the Minimum Possible Aerosol Load 
(RSPM and SPM) in Delhi 
AnkH Tandon and Arun K. Attri 

School ofEnvironmental Sciences, 


lawaharlal Nehru University, New Delhi - 110 067, India 


A unique experiment was designed to estimate the minimum possible aerosol load in 

Delhi 's ambient environment under conditions where all anthropogenic sources are in 

quiescent state; aerosol load is driven only by the regional and local meteorological fac tors. 

Sequential eight hourly aerosol samples in two size fractions (:s; 10 11m known as PM,o &::? 1 0 

11m known as SPM) were collected and analyzed for the elemental signatures associated with 

the tracer and other sources. Principal Component Analysis (PCA) was used to resolve the 

sources; their respective mass contribution to PMJQ and SPM load, in time sequence, was 

estimated using Absolute Principal Component Score (APCS) method. Discrete Fourier 

Analysis (OFT) of the resolved mass contributions arising from the source(s) was used to 

investigate the presence of any periodicity with respect to the (PM[Q and SPM) ambient load 

associated with the identified sources and diurnal changes in the region's meteorological 

factors. The results suggest that Delhi will register 57.5 I1g minimum background SPM load 

due to meteorological factor(s) driven re-suspension ofloca1 crustal material in the day hours 

during the onset ofwinter season . 

Keywords : Aerosol load, PCA, APCS, Fourier analysis 
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Abstract No. 5.7 

Undulation of Particulate (aerosol) Load in Ambient 
Environment, Driven by Early Winter Meteorology, Identification 
of New Anthropogenic Source, and Morphological Attributes of 

Carbonaceous Aerosols 

ArUD K. Attri 
School ofEnvironmental Sdences. 


la waharlal Nehru University, New Delhi -lI O 067, India 


The presence of particles, also known as aerosols in atmosphere, is an ubiquitous natural 

tra it. Morpho logically, di mensionally structuraUy and chemically they manifest high 

degree of complexi ty and variation, which percolates into their functional attributes : both 

de leterious and benefi cial to man. Perhaps, suspended particulate load in air represent an 

excellent example of functionally dynamic process li nking Earth-Atmosphere system 

bestowed with dual character. 

Threat 10 human health arises as we breathe in air contain ing particles, and depending 

on their chemical composi tion (benign to malignant) they can seriously stress r spiralory, 

cardiovascular and visual acuity. On the other hand, they transport nutrient minerals, 

modulate atmo pheric radiative balance and assists in the cloud forma tion. Given the 

widespread va ri abi lity and complexity in thei r structural and func tional attriblltes, ambient 

aerosol have come under intense scientific investigation in recent years: their role in 

enhancing global wanning; identifi cation ofanthropogenic sources; and understanding their 

atmospheric load variability with reference to other atmospheric dynamic traits. 

The presentation relates to the identificati on of new anthropogenic source ofrespirable 

particulate matter in Delhi's ambient environment accounting for ~25% of the ambient load. 

Identification of ear ly morning city-wide pract ice ofcleaning the surface deposits as a SOurce 

was accompJ ished by designing a novel experimental design by appropriating a episodic 

event of Diwali as a trace r source. Th is novel experimental design has opened up possibilities 

to investiga te the role ofanthropogenic activities, so far, considered benign in amplifying the 

respirable particulate load in ambient environment in urban setting. The extent of 

carbonaceous aerosols emitted, their fractal structure, and their implication to global 

warming issue is also presented. 

Keywords: Carbonaceous aero ols, respirable particulate matter, anthropogenic sow'ce 
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Morphological Characterization of Carbonaceous Aerosols and its 
Role in Global Climate Change 

. Kamna and Arun K. Attri 

School ofEn vironmental Sciences, 
l avvaharlal Nehru University, Delhi-ll 0067, India 

In this study, we have characterized soot on the basis of its fractal dimensions, 
morphology and functional groups attached to it. Soot aggregates of different fue ls and 
carbonaceous aggregates found in freefall aerosols were compared. A ll were found to have 
fractal morphology with fractal dimens ion < 2. The result shows that cluster-cluster 
aggregation is the dominating process which leads to the formation of this chain/grape 
bunched like aggregates. Surface morphology ofdiesel soot shows that it has porous surface, 
which has potential to adsorb or absorb other atmospheri c pollutants. The characteristic of 
soot aggregates and aerosol aggregates can be altered after emissions from the source and 
due to various meteorological processes, which can change its morphology and properties. 
Chemical nature of fuel and other factors such as fuel burning efficiency, engine type, etc. 
play an important role in defining the morphology ofsoot aggregates. In freefal! aerosols it is 
difficult to apportion the source of carbonaceous aggregates but fractal analysis could prove 
benefi c ial for such kind of studies by the use of this dimension as a signature of particular 
soot type. This fractal dimension study was also linked to estimate radiative forcing caused 
by these carbonaceous aerosols . 

Keywords: Carbonaceous aerosols fractaJ dimension, climate cbange, morphology 
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Abstract No. 5.9 

Emission Trends of Road Transport in Delhi, India 

in a Local and Global Perspective 


Ragini Kumari \ Luc lot Panj \ Ina De Vlicger\ Arun K. Attri ' 

JSchoo! ojE nvironmenta! Sciences, l awaharlal Nehru University, 


New Delhi-ii 0067, India; 


2Flemish Institute/or Technological Rc earch (VITO), 


Boeretang 200, 2400 Mol, Belgium 


Delhi, the capital ofl ndia , is one of the most polluted regions of the world . [n th is 

regard. in excess of 70% po ll utants emilted thro ugh the road transport ector stands oul. 

Control measures implemented in the past ( 1999-200 I ) to alleviate the air quality have up to 

some ex ten t, helped in retarding the rate at which Delhi's air quality was vitiati ng. However, 

our research ' howed that the unprecedented increase in the number of vehicles; and likely 

fu rther increase in Ilear future (e.g. introduction of Tata-nano car), wo uld 'cverely 

compromise the air quality of the city. The approach used in this study was bas d upon 

material balance concept and we llsed two models [(M ET, 1999 and COP , RT IV (2006)] to 

quanti f'y the time sequence of emissions arising from the ever expanding transport sector in 

Delhi. 

Keywords: Road transport, emission inventory, fossil fuels, eNG, urban air quality. Delhi, CO:­

emissions 
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Correlation between Ground Level Ultra-Violet Radiation and 

Lower Atmospheric Aerosol Load in Delhi 


Shweta Yadav and Arun K. Attri 


School ofEnvironmental Sciences, lawaharlal Nehru University, 


New Delhi - 110 067, india 


UV radiation is known to affect many biological and chemical processes, and is 

largely detrimental to individual organisms. Specific concerns include increases in the 

incidence of skin cancer ocular damage, and other health effects in humans and animals; 

damage to terrestria l and oceanic vegetation; changes in the chemistry oflower atmosphere 

e.g. photochemical smog formation . Present study was undertaken to monitor lower 

atmospheric aerosol load with Respirable Dust Sampler and ultraviolet radiation with UV-

radiometer in the ambient environment ofDelhi. PM,o (~ 1 0 !lm) and SPM (:210 !lm) samples 

were collected for the period of the study (8 weeks, 2 samples per week, 16 samples). Hourly 

UV Fluxes (1.N-B & UV-A) were measured from four hours ahead to four hours following the 

solar noon (LAT l2:00hrs) alongs ide aerosol sampling twice a week. Our study showed that 

lower atmospheric load of finer particles (PM IO) significantly cut-off both UV-A and UV-B 

fluxes reaching the earth surface. RSPM (PM,o) load showed a satisfactory negative 

correlation with UV-A and UV-B fluxes at ground level. 

Keywords: UV. PM IO• SPM 
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Abstract No. 6. 1 

Climate Change and Himalyas with Special Reference to 

Carbon Sequestration 


S.P. Singh 

H N E. Carhwal University, Srinagar-Carhwal 2461 74, India 

Hi malaya.' and adjacent Gangetic Plains together form one of the most important 

systems of the planet from geoecological and anthropological stand points. While the young 

and lofty Himalayas (the average alt itude in the greater Hi malayan region being 61 00 m, with 

some peaks ris ing above 8000 m) represent one of the largest wilderness area., the Gangetic 

Plains with about 500 mi llion people is the largest an thropogenic system on the planet. 

Through the Gangetic r iver connections, the Himalayan forests have been serving the 

Gangetic Plains since time immemori al by providing soil and water and rep len ishing 

agricu ltural fertility. The cl imate change is predicted to affect the mountains and plai ns 

connec tion in several ways, the retreat of g laciers being the most cri tical of them. As tbe 

glaciers melt, the river flow would become exceedingl seasonal, with severe consequences 

on structure and fu nctioning o f river ecosystems and economic activities in the Gangetic 

watershed . A rise of one degree cels ius temperature would cause about 150 m rise in 

nowl ine. The alpine belt would be mos t vulnerable to cl imate change, as species near the 

mounta in tops would have no area to migrate. Already tree species like Quercus 

scmecarpifolia (brown oak), Betl/ la uti/is (birch) and Abies pilldrow (si lver fi r) occlir in 

islands. Animals like pikas and musk deer are expected to be the first to disappear. he alpine 

meadows, where most of the medicinal and aromatic plan ts of importance occur, ould be 

converted into woody vegetation wi th wanning oftemperature. Many plants requiring snow 

cov ~r would be exposed to frosts with t he advancement ofsnowmel t. 

Since most or the natural vegetat ion of the lowland areas ha ' been replaced by 

agricultural croplields, they arc left only with invasive weed to migrate into the Himalayan 

region. The warming would send many ofthese species deep inside the moulltains. 

rhe adjacent marshy plains may prove to be the source of vector-borne disease like 

malaria. It is predicted that malaria might reach beyond 1500 m altitude, where most hill 

stations are locateu. 

A warmer condition may al 0 Jisfupt altitudina l zonation ofvegctation also in several 

other way . lor example, w<uming by hastening the seed malUration in Shorea robllsta (sal) 

and in some more viv iparous oaks, may dismpt the synchrony between seed matura tion and 

commencemcnt of monsoon rainfall. These ecologically dominant species may fail to 

maintain regeneration in such circumstances . The wanner temperatures may also calise 

incre<lsed evapo-transpi ralion dUring spring-timc when most trees produce new leaves . How 
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_pecies are going to respond to the water stress may substantially affect several processes at 
species and ecosystem levels. 

The Himalayan forests, in a healthy condition, are effective carbon sequesters, 

accumulating carbon generally at the rates of4 to 6 t ha -I yr - I , which are on the higher side of 

the range of val ues observed at the global level for the forests. However, because of forest 
degradation values lower than these are common. At least in some community managed 

forests carbon sequestration rates between 2.2 and 4.4 t C ha -I yr -I ha e been observed, which 

are quite high seeing that villages also use them to meet their dai ly biomass needs . The entire 

Himalayan forests sequester about 65 million tonnes of carbon each year. One of the major 
consequences of global warming could be the increased rate ofsoil carbon depletion. 

Several adaptational strategies would be required to address the problems that the 

climate change can trigger. The problem may pertain to change in precipitation pattern and 
hydrological cycle, glaciers retreat, retention of water in mountains, forest replacement, 

change in agricultural crops, spread of tropical diseases, depletion of alp ine ecosystem in 
many areas, lack of corridors for the species migration, loss of habitats for several species of 

land for humans, and migration ofpeople to sui table areas, ifany. 

Keywords: Himalayan forests, carbon sequestration, alpine vegetation 
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Abstract No. 6.2 

Human Dimensions of Climate Change: Geospatial Perspective 

P.S. Roy 

National Remote Sensing Agency, Department ofSpace, Hyderabad, India 

Climate change is a cumulative impact of the anthropogenic ally driven changes on 
the earth's surface. It has affected or is affecting almost all the aspects of the terrestrial 
ecosystems like primary productivity, biodiversity, agriculture, soil dynamics, etc. at macro 
as well as micro level. The major drivers of climate change are land use change, increase in 
green house gases, nutrient deposition and introduction ofexotic and invasive species. 

The amount of earth we use for maintaining the standard of our living (Ecological 
footprint) hasa tremendous implication on the global climate change. Presently we are using 
resources, which wi ll require 3.5 earths to sustain at the present rate of resource use. The 
ecological footprints of most of the regions of the earth have been estimated to increase as a 
result of climate change. The most important aspect of the ecological footprint i.e. water foot 
print will increase the most (~ 5.7%) as a result of climate change. Increasing population, 
depleting existing energy resources coupled with decrease in agricultural production as a 
result of the cl imate change will lead to an increase in the footprint of the energy and food. 
Food footprint w ill also increase du e to loss of biodiversity hence gene pool, which is used by 
manki nd for food and sustenance. The loss of forest cover as a resu lt of deforestation (@ 13 
million hectares per year) is systematically increasing the ecological foot print of the 
humanity as the ecological benefits of the deforested area has to be borne by the remaining 
vegetated areas. 

In this context, remote sensing (RS) and Geographic Information System (GIS) can 
play an important role in providing spatially explicit information on the changing ecosystem 
stmcture and function. Various space-based platforms provide remotely sensed spatial data at 
various scales on land use and land cover and its temporal variations, landscape level 
biodiversity, cropping patterns and productivity, etc. These can be modelled in a GIS 
environment along with ancillary data from climate change models for predicting the 
probable change scenario . This database is also useful for identifying areas for conservation 
and prioritization. hotspot niches and predicting future land use change scenario using 
various geospatiai models (SPLAM, GARP, GEOMOD). The extent and impact of damage 
to coral reef: , one of the major biodiversity rich regions of the world, due to rise in Sea 
Surface Temperature can be carried out using RS data. With the development of new 
technologies in LIDAR, hyper spectral, and microwave based sensors, spatial 
characterization of the various facets of the climate change and their impacts will become 
easier and will enable us to take appropriate steps in mitigation. 

Key Word : Clima te change, ecologica l footprints, change models, biod iver ity 
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I\b~lr;ll: 1 No. 6 .. \ 

Carbon Sequestration by Higber Plants and Algae to Combat 
Global Warming 
Baisbnab C Tripathy 

School ofLife Sciences, .fawaharlal Nehru University, New Delhi - 110067, India 

At1110spheric CO~ concentration has risen at an accelerating pace since the statt of the 

industrial revolution because of burning offossil fu el and deforestation. Prior to the industria l 

revolution CO2 waS stabl at about 270 ppm; today CO:,. is approximately 38% higher at 380 

ppm, and by the middle of this century it is pred ict d to reach 550 ppm <md by the end of the 

century the CO2 concentration is likely to reach 700 ppm. Today's crop and natural vegetation 

are growing ai an elevated CO2 level that has not been experienced by terrestrial or aquati c 

vegetation fo r past thousands of years . Understanding how plants respond and might be 

adapted to a fu ture increase in CO2 will also he lp us understand how they are currently 

responding and how tbey may have adapted to the increase that has already occ urred. 

Increas in carbon dioxide concentration should result in a stimulation in photosynthetic 

carbon fi xation of between 30 and 50%, primarily due to a reduction in photorespiration a the 

ri bulose I -5-bisphosphate carboxylase/oxygenase (Rubisco) ccu·boxylation reaction is 

favoured in these conditions . In fie ld among natural vegetation and in aquatic ecosystem ego 

ocean total carbon uptake is not si mply a function of lighHaturatcd photosynthesis, but also 

of 1ight-Iimited photosynthesis, which may account for lip Lo 50% of canopy carbon uptake. 

The initial sl ope of the respon, e of carbon assimilation (A) to photon flux (Q) is the maxim um 

quantum yield of CO! uptake (QY) and the phase of photosynthesis that is exc lusively light 

limited . Light-limi ted photosynthesis is detemlined by the rate ofregeneration ofRuBP, and 

will increase as CO, increases because lessATP and NADPH is diverted into pho toresp iratory 

metabolism, and therefore more is available for COl uptake. However, many plant species 

grown at e levated CO2 do not have increased photosynthesis and growth to the level of 30­

50%. It is substantially les ' than these figures. This is probably because plants at elevated 

CO~ exhibit an acclimatory down-regu lation, decreasing photo ynthetic potential, 

particula rly with long-tenn growth in elevated CO~ . This acclimatory response is often 

corre la ted w ith increased carbohydrate levels together with reductions in total nitrogen and 

Rubisco ac tivity. Perenni al plants are excellent exam pi s ofcarbon sequestration . However, 

they are more prone to down-regulation of photosynthesis at elevated CO2• It is essential to 

sequester carbon in fast growing perennia l tree (pop lar for example) for carbon sequestration. 

Although we some how know the effect of high CO2 on annual crop plants its effect on 
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perennial plants are not well studied. More over the effcct of high CO2 accompanied by high 

temperatllfe on C, photosynthesis and plant product ivity needs to be smdied in growth 

chamber as well as in tield conditions. Increased CO! although may increase carbohydrate 

cont nts, the protein contents of p lant especially in forest ecosystem will be oeverely 

downregul atcd as NO,' uptake from soil may not match with increased carbohydrat 

contents . 

Besides long-term carbon sequestration by woody plants, it is es ential (0 have short 

term carbon sequestration for production bio-ethanol. As the human population is increasing 

in the world especially in India, it will be prudent to lise land plants for food and not for fuel. 

Therefore, we shou ld look j oto sea or back v,Iaters fo r cu Itivation of carbohydrate-containing 

sea weeds, ego red alga GraciLaria vericosa for production ofbio-ethanol. Photosynthetic H: 

prod uction from wal r hy hydrogenase by marine phyt oplanktons wi ll be of great help in 

providing clean alternate energ to combat high COl and giobal warming. 

Keywords: Carbon sequestration, C3 photosynthesis,higher plants, algae, global warming 
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AbslraCl No. 6.4 

Carbon SequestTationPotcntial Studies in Forest and Agro­

Ecosystem in Central Himalayan Region of India 


Vma Melkania and Asha Upadhyay 


Department afEnvironmental Sciences, G. B. PantUniversity a/Agriculture and 

Technology Pantnagar -263145, fndia 

Out of the six most important elements necessary fo r life, carbon accounts for about 

49% of organi sm's dry weight, carbon is only next to wat r in significance to the living world. 

The cycle involves movement of CO2 from the atmospheric reservoir to plants, animals, 

decomposers and back to atmosphere. Land plants are estimated to contain about 250 times as 

much carbon as aquatic p lants; most of it is in the Ionn of forest growth . During the pre­

industria l age, various pathways col lec tively formed sel f-regulating feed back 

mechanism resulting in a hom ostatic system w ith adjust! ents of additions and deletions of 

CO2 concentrati ns in the atmosphere . This balance has been disturbed with increase in CO2 

[rom 280 ppm in 1750 to about 371 ppm in 2001. Studies find that of the 6.3 GT carbon 

released annually into the atmosphere, about 84% is due to the fossil fuel combustion and 

cement production. and the remaining is due to tro pical forest clearing. However, 46 % 

increase is expressed in atmospheric increase of CO2 , Some may be fixed by green plants in 

photosynthesis induced by increased atmospheric CO2 level often temled as CO" ferti lization. 

The forest and agroecosystem represent one of the imporlant sink fo r sequestration of COl; 

however the carbon stock and carbon seques tration potential may di ffer in different forest 

types, tree species and soil types. Variation in atmospheric carbon dioxide content due to 

change in climatic conditions and land use changes resul t in changes in the carbon 

sequestration potentia l in vegetation and soiL The study will highlight the importance of 

carbon stock studies in forest and agrocecosytems in central ) limalayan region with a view 

for better carbon management with respect to increased carbon sequestration potential in 

mountains. 

Keywords: Carbon sequesestration. forest ecosystems, agroecosystems, central himalaya 
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Abslrad No. 6.5 

ree Air CO2 Enrichment Technology (FACE Technology) 

S.B. Pal 

Genesis Technologies, A-02 Radha Building (I) , Deshmukh Comp lex, Ka~yan Shil Road, 

Kalyan-East, Tha ne - 421203, India 


The atmospheric carbon dioxide concentration ([COJ ) has risen by 35% since the 

tart of the industrial revolution; it is higher now than at any time in the past 25 million years 
and i, predicted to increase an additional 50% by 2050. Plants respond to rising [CO!] through 

increased photosynthesis and reduced transp iration. Photosynthesis removes COl [rom the 

at mosphere and respiration by plants and helerotrophs add it back. 

Therefo re, the terr strial biosph re is noljust a passive responden t to rising [COJ but 

can play a fundamental role in determining the rate ofglobal change. Befo re FAC E, much of 
hat we knew about plant and ecosystem responses to rising [COl ] came from studie::. 

conducted in enclosur s where the response of plants is modi fied by their growth conditi ns. 
FACE was developed as a mean to grow plants in the field at a controlled elevation 0[[C0 2] 

under ful ly open-air conditions. Results from FAC experiments provide perhaps the b st 
estimate of how p lants and ecosystems will respond in a fu turc high CO2 world . 

WbatisFACE? 

A typical FACE plot is approximately circular and surrounded by a ring of pipes that 
release O~ or air enriched with COl' at vertical intervals from just above the ground to just 

above the top of the plant canopy. Wind direction, wind velocity, and [ 'OJ are measured at 

th e centre of each plot and this information is used by a computer-controlled system to adjust 
CO: flow rate to maintain the target elevated [C02] , 

Only pipes 011 the upwind side of the plots release COl' unless wind velocity is very 

low, at that ti me COl is released alternately from adjacent release points. For vegetation of 

low stature, on ly one or two vertical release points are necessary, whereas for tall vegetation 
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several vertical rel ase points are needed to enrich the whole canopy. 

Fas t feedback algorithms avoid large overshoots in response to fl uctuations in ICO~ J 

and provid a stable elevatIOn of [CO,j. This aS1C design has been util ized with some 

variations and techni cal developments in over ten experiments in plo ts that are as large as 30m 
diameter that can accommodate vegetation as tall as 25 metres. 

What are tbe advantages ofFACE? 

FACE s tudies are fully open air and have many benefi ts over controlled environment 
and open-l p chamber (OTC) experiments. FACE aIlows the in es tigation of an undisturbed 
ecosystem and does not mod ify the vegetation's interaction with ligh t, temperature, w ind, 
precipitation, pathogens and insects. 

This , in combi nation with the large size of FACE plots, allows the integrated 
measurement of many plant and ecosystem processes simultaneou ly in the same plot, avoids 
many of the problems assoc iated with edge elTects prevalent in OTe , enables significantly 
more plant mater ial to be harvested without compromising the experiment, and allows plants 
to be studied throughout their life cycle, including trees that have enough space to develop to 
canopy closure . 

FACE is considered a con olidated technique to expose crops, forest plantations and 
natural vegetation to the conditions of elevated atmospheric CO2 concentrations that are 

expect d to occur in the near future FACE t chnology has evolved cons iderably since the 
first experiments conducted by Harper and co-workers in the 70's (Harper et at , 1973) and by 
van Mooi and co-workers in the 80's (M ooi, 1985). At present there are more than twenty 
operational FACE si tes around the world in Northern and Central America, in Europe, Asia 
and Oceania. The siz of the FACE plots varies from one metre diameter of the MiniFACE 
(Miglietta et at., 1996; M igJietta et at., 200 I) to the 30 m of the larger FACE systems that have 
been used to fumigate patches of forest plantations with CO2 (Hendrey, 1999). FACE 

experiments are al most unanimously consid r d to provide the best opportunity to expose 
patches of managed or unmanaged vegetation to elevated CO2 with minimal alteration of the 

natural en ironment where plants are growing. Nevertheless , FACE systems also suffe r from 
some experimental limitations that have to do with the presence of substantial infrastm cture, 
the unavoidable presence o f CO} concentration gradients along the wind direction and short­

(em1 fluctuations in COl concentration. The use of blowers has also some technical 

consequences on the :FAC design that finally requires large pipes to allow the circulat ion of 
large quantities ofair, higher power requirement and significant infrastmcture. Moreover, the 
use of the blowers implies the constmction ofcontrol rings where everything is operated in the 
same way than in the FACE, with the only exception of the injection of carbon dioxide. 
Recent ly different groups of scientists in the USA (Steve Roberts, personal communication), 
Japan (Okada et at) have attempted to modify the design of their FACE systems to introduce 
the release of pure carbon dioxide instead of an air-COl mixture. Such "pure-CO:" FACE was 

thought to be a possible altemative solution to the more conventional systems, providing some 
potential advantages. Data developed by Ibimet clearly indicate that Free Air CO} Enrichment 
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can be satisfactorily obta ined by releasing pure Cal instead of a pre-diluted air+ O2 mixture. 

The use of CO2 jets at son ic velocity greatly enhanced the ai r-CO, mixing that occurred at the 

releas ing points and this translated into an adequate a.i r-C02 mixi ng within the FACE area 

under both low and high-wind conditions. Power spectra analysis showed the relative merits 
of the pre-di lut ing effects of the sonic j ets and plenums when compared to subsonic CO2 

releast:. As we hypothesiz d the effec t of the pre-dilution was evidenc d in the Ko(mogorov 
scale fluctu ation. The advantages of this type of FACE de ign are clear. The S( called "blower 

ffeet" is comp lete ly suppressed, the infrastructure is much lighter and less disturbing than in 
any other FACE system, the capital cost of the infrastructure is greatly reduced and the 
const ruction of the "control rings" is no (onger required. More research is instead needed to 
eva luate the quali ty of the control under atmospheric stabil ity and in particular at night. This 
aspect was not specifically considered for the POPFACE system as the fu migation was 
stopped during night. In th is respect, the direct comparison offast-frequency CO2 spectra for a. 
Pure-Cal and a pre-diluted CO2 injection system, would be of importance to understand if 

pre-dilution operated by the blowers would improve the si tuation significantly, under those 
conditions (He et af., 1996). The possibility to continue satisfactory CO2 fumigat ion in a 

poplar plantation that is expected 
to grow very rapidly and to atta in a 
significant he ight, is a big 
challenge ahead of u . Hopefully 
the POP FAC E proj ec t will 
continue over the next seasons thus 
providing an opportuni ty to further 
test the quality of the CO! control 

with the same free air CO, 

enrichment system. 

Much res earch USIng 
elevated CO- has been done in Unique Free Air CO! Enrichment (FACE) technology to 
enclosed areas, such as growth elevate the atmospheric concentration of CO, in the 
chambers and greenhouses where experimental plots 

it is relatively easy to control the 
levels of gases. However there are some limitations associated with these techniques. It is 
difficult to study plants under certain natural conditions, such as temperature, pollination, 
wind, humidity, and sunlight, within these enclosures . Size of the plant growth and 
experimental area is also constrained while using these technologies. It uses natural wind 
conditions to carry CO! enriched air across the vegetation. Because the plants are outside in a 

more natural environment. the chamber effects normally created by enclosures such as 
greenhouses are reduced or eliminated. 

This is made up ofsix fumigation circles. Three of these circles are fumigated with CO, 

enriched air. The FACE system is designed to maintain the level of CO! above the 

experi mental planting at 550 parts per million (ppm), using sensors set li p in and near the 
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ci rcles and a central control computer. The remain ing 3 circles are 'fumigated' with ambient 
air (~360 ppm COl) with no experimental CO2 addition in order to protect against erroneous 

results caused by the experimental equipment. Sensors ateach circle continuously transmit 
information about wind speed and direction, as well as CO2 concentrations above the p lots via 

fibre optics to a control computer. nle computer, located in a centralized control trailer, uses 
this information to calculate the amount of C02. to re lease, and which side of the circle to 

relea e it on. This information is sent to fan houses located at each cir cle that contain 
instmments, which adjust the CO2 fumigation equipment. 

A valve inside the fan house controls the amount of pure CO2 added. The CO2 then is 

mixed with ambient air and a large fan b lows this mixture into an underground pipe, called a 
plenum, which mns around the plot circle in the shape of an octagon. To conserve CO!> the 

enriched air is only emitted on the upwind side of the circles. Every 4 seconds, the control 
computer relays control inslmctions to the fan where a system of electronic components 
open and close large pneumatic valves on vertical emitter pipes installed around the plots 
(upwind pipes are opened, downwind pipes are closed). After passing through these valves, 
tl e CO2 enriched air travels up through the vertical pipes and is emitted through a series of 

small holes. Natural wind currents distribute the enriched air over and through the plots. 
When the wind speed is too low to carry the enriched air across the plots, alternating vertical 
pipes are opened so that small, shifting winds can still distribute the CO2 enriched air. 

Because airflow is important to the distribution of the COJ , as much of the 

infrastructure at the site as possible is buried so as not to obstruct wind. Th is includes the 
plenums, COl piping, and utilities serving each circle. Any aboveground structure in the field 

is located at a distance great enough from any fumigation area to prevent disturbance ofthe 
ai rflow patterns. 

Keywords: High CO" FACE technology 
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Abstract No . 6.6 

Need for a FACE System to Evaluate Interactive Effects of CO2 

and 0 3 on Plants in India 

Vivek Pandey! and Elina Oksanen2 

IPlant Physiology, National Botanical Research institute, Lucknow, India 
2 Faculty ofBiosciences, Joensuu University, Joensuu, Finland 

Atmospheric carbon dioxide (COJ concentrations have increased dramatically since 
pre-i ndustrial times and are predicted to rise to over 700 ppm by 21 00 OPCC, 2007). Oflate, 
much effort has be n put in to linking model s of climate hange and crop/plant yield/growth. 
It has been projected that increased temperature and decreased soil moisture, which would 
otherwise reduce crop yields wi II be offset by the direct ferti lization effect of rising CO2, In 
C) plants, at 25

t'C, an increase in CO2 from the present-day value of 380 ppm to that of 550 
ppm, projec ted for the year 2050, would increase C, photosynthesis by 38%. C4 crops, most 
probably, may not show a significant increase in photosynthesis. However, most of these 
prediction model s have not included one very important factor that could negate CO2 

fertilization effect- tropospheric ozone (0,), 

Emissions of oxidi zed nitrogen (NOx) and volatile organic compounds (VOC) from 
fossil fuel combustion have increased background levels of tropospheric 0 3 by 36- 70% 
during last one century (IPCC, 2007). Ozone (0,) is regarded as one ofthe most phytotoxic of 
the air pollutants, causing toxicity at concentrations as low as 30 ppb. In addition to their 
contribution to the 'greenhouse effect', CO2 and OJ have direct impacts on plant physio logy 
and crop production. [nit ia lly these studies wer done in growth chambers or open top 
chambers. But these chamber studi e. were found to b inadequate fo r predicting future crop 
yields owing to so called "chamber effects" . These included decreased solar radiation and 
win d speed, increased air tem p rature and relative humidity, etc . To overcome these 
lim itations, free-air concentration enrichment (FACE) was developed . The most important 
attribute ofFACE is thal it is cl1amb rIess . Only the desired gas (C02 or 0)) is released and its 
concentration is monitored along with wind di rection. velocity, etc . This way the prediction 
becomes more realistic . All the FACE studies related to climate change and crops have been 
conducted either in orth America or Europe (Kamosky et al., 2007). In India, all the 
precursors (ever increasing automobile popUlation, narrow and poorly maintained roads and 
sun light) of0) are in plenty. In a recent study Mitta l et al. (2007), using ep isodic chemical 
transport model christened HA K, found that many regions in India had high concentTation 
ofOy AOT40- a parameter that represents the accumulated dose of0 ) over a threshold of40 
ppb is computed for the region. The Indo-Gangetic plain in the Northeast region ofIndia has 
been found to have very high AOT40. It is ofsignificant concem for agricultural productivity. 
More than 40% ofthe population in this region depends on an economy related to agriculture. 

Therefore, there is an urgent need to perform long-term FACE experiments to 
investigate interact ive effects of simultaneous change in CO2 and 0 ) on plants. These studies 
will help in establishing a robust cause-and-effect chain, providing useful data for climate 
change prediction models. 

Keywords: Climate change, FACE, CO~. 0" crops 
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\b~tr~\~1 \:ll . 6.7 

Yoga, a Measure to Conserve Climate in 

Retrospect of Reviving Flora 


Kalpana Gupta 

Post-Graduate Department of Teacher Education, I. P College, 


Shanti Niketan, Railway Road, D ibai, Bulandshahr, India 


Yoga is an extraordinary and unique Ind ian technique to dwell a deep awareness 
within. By virtue of ibration and pulsation with the body, mind and intellect levels one can 
master the internal and external forces. Yoga is a discipline, which provides perfection , purity 
and life's fu lfi llment Womb to tomb, man is basically in search ofhappiness. The yoga way is 
a systematic process of calming down the mind. Nowadays man is tcnd ing towards 
materialism. Earth's climate is changing due to human activities like­

• Over exploitation ofnatural resources. 

• Changes ofland use. 

• Increase in pollution and util ization ofdangerous chemical compounds. 

• Bombing and cyanide fi shing, coral mining. 

• Sedimentation. 

• Tourism activities. 

There is an urgent need to increase people's awareness of environmental protection 
and conservation. Practi. ing Yoga can curb environmental degradation. Yoga is an anc ient 
Ind ian art and science which enables a man to practice control over his body, mind and soul. rt 
teaches scJfdiscipline and is able to change the mental disposition of human beings. Yoga is 
deeply associated with Ayurveda, which is entirely dependent on Flora. 

, Yogena cittasya padena vaca malam sari rasya ca vaidyakena 

Yopakarottam pravaram muninam Patanja lim pranjaliranatosmi" 

Meaning- 'I offer my salutations wi th fol ded hands to Patanjal i, the renowned amongst the 
sages who removed the impurity ofmind through Yoga, of the speech by Grammar and ofthe 
body by Ayurveda'. Practising Yoga directs a man towards self realization. It reminds him of 
his duty towards nature. The curtain ofdarkness ofmaterialism is removed from mind. It is so 
miraculous that a man who wishes to grow the jungles of concrete and cement desires to seek 
peace in the lap ofnature after absorbing into Yoga. 

To conc lude, it may be said that in today's fast growing world, high technology and 
competition in every fi eld, Yoga is the need ofthe time. Yoga roots out thc ethi cal problems. It 
believes in Ayurveda. Promotion ofYoga in the world can save climate and fl ora. 

Key words : Climate change, yoga, environment, flora 
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Garg Industries 

B-18, Sec. -8 


Naida, Gautam Budh Nagar, V .P. 
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Parivar Agro 

Sec-7, Naida, Gautam Budh Nagar, U.P. 
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GIll Com.m.unication 
G- 16, Shreeram Tower 

13, Ashok Marg, Lucknow 
Contact No. 9839300005 

Mobile Repair 
& 

Original Accessories 
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home the company services quality contact us 

IS our cr do 
Qual ity, Economy and 
Time Management wllh 
continual Improvement 
of products iJnd 
pro(t~sses, 
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I. \I"lur ," \1""" Itl\ 0,. IIntl!,;,., 
2. flyol/ers & Grade Separators 
J . Rail Ol/erhead Bridges 

, 4 . Roads & Highway Projects 
5. Aquaducts & Bal'f'a~e$ 
6 . Stadiums 
7 . Renny Wells 

1 8. Subways 
9 . Aero-Wind Tunnel 
10. Con<ultancy 
11. BOT Projects 

Services Expertise 
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In service to the Nation for 

42 years 


Our motto­

"Safety to Environment 


& 

Health and Service 


To Industry" 


The laboratory through its scientific expertise provides complete facilities 
for toxicological research, environmental and hea.lth risk assessment as 
well as analysis and testing services conforming to Good Laboratory 
Practices using NABL and international gUidelines employing latest test 
systems, biomarkers, analytical instruments and mathematical models. 

Services Offered 

• 	 Health and Environmental MonitOring 
• 	 Consumer Safety 
• 	 foxicity Testing 
• 	 Analysis 
• 	 Infonnation DlItabasc 
• nvironmentnl Lmpact Assessment 
• 	 Consultancy 
• 	 llazardous Waste Disposal 
• 	 Euvironmental Management Plan 
• 	 Health Shltus of Otcupnl'ional Workers 
• Preparedness of Disaster Management 

Technologies Developed/Available 

• 	 Water Aualysb Kit 
• 	 Mobile Laboratory Van for on ~po l 

Water quality analysis 
• 	 Argclllonc Detec tion Kit-For rapid 

screening of Argcmonc in Mustard Oil 
• 	 CD-Strip-For dclection of bulter 

yellow an adulterant in edi llie oils 
• 	 Arsenic Detection Kit 

INDIAN INSTITUTE OF TOXICOLOGY RESEARCH 
(Formerly - Industrial Toxicology Research Centre) 

POST BOX NO. 80, MAHATMA GANDHI MARG, LUCKNOW·226001 
Phone : 0522·2627586/26137861262722812611547 Fax : 0522-26154712627228 
E-mail : rpbdilrc@yahoo.com Website : www.litrindia.org 

http:www.litrindia.org
mailto:rpbdilrc@yahoo.com
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Gyan Scientific Traders (India) Pvt. Ltd. 

5, Ashok N agar (Near Bansmandi Crossing) 

G.B. Marg, Lucknow-226 018 Phone: (0) 2629494 (P ) 2615638, 2509607, 


Godown: 2265664 Fax (0522) 263049,2267579 E-mail: gyan12@satyamnet.in 


Manufacturers & Stockists : 
.:. Scientific & Surgical Equipments .:. Lab ratory Chemicals & Glasswares 

.:. Diagnostic Kits & Health Care Products 

Authorised Distributor of 

• 	 BO ROSIL ® Glass Works Ltd. • Polar Industrial Corporation 

• 	 Whatman Asia Pacific Pvt. Ltd. • Imperial Life Sciences Pvt. Ltd. 
• 	 Ormon Asia Pacific Pvl. Ltd. (Blood • 	 Merck Specialties Pvt. Ltd. 

Pressure Instrument & other products) 
HiMedia Laboratories Pvt. Ltd. • 	 • Olympus Sales & Service 

• 	 Roche Diagnostics India Pvt. Ltd. • Remi Sales Engineering Ltd. 
Beckman cou lter India Pvt. Ltd. for • Royalwor Balance Works, Varanasi 
Diagnostics Products • S.M. Scientific Industries (Jindal) 
Tarsons Products Pvt. Ltd. 	 • B.P. Industries (Ambassador) 

Delhi Office : 

245 , Anarkali Market, Jhandewalan Extn., New Delhi-110 055 


"Witli 'Best Compfimentr; from 

Economic Botany Information Service 

(EBIS) 


National Botanical Research Institute, 

Lucknow, India 


Contact for NBRIPublications: 
Head, EBIS, N BRI, 


Lucknow - 226 001, INDIA. 

Ph. : 2205831-35,Ext. :247,248,249 


E-m ail : ebisj@yahoo.co.in 


mailto:ebisj@yahoo.co.in
mailto:gyan12@satyamnet.in
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MULT TRADE INSTRUMENTS & 

CHENUCALSCORPORATION 


9/512, Sector 9, Indira Nagar, 
Lucknow-226016 

Tel.: (0522) 2358776, Fax: 0522-2358776 

E-mail: multitrade_icc@hotmail. com 


Mobile No.: 9336705775 

A UTHORISED STOCKISTS :­

• 	 LOBA CHEMlE PYT. LTD. • SONAR BRAND OF 
INSTRUMENTS 

• 	 QUALIKEMS FINE 
HEMJCALS PYT. LTD. • SUYOG DIAGNOST]CS PYT. LTD. 

• 	 AXJVA BRAND - PLASTIC • CHEMITO TE ,HNOLOGIES PYT 
WARES, FILTER PAPERS, LTD. 
MICROPIPETTES 

• 	 J-SIL GLASSWARES 

VARIOUS OTHER IMPORTED 

ARTICLES OF LABORATORY AIDS 


A n Exclusive Organization for Providing 

Hi-tech Services to Laboratory Research Works 


mailto:multitrade_icc@hotmail.com
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oe-up... ONE UP 

OTORS (1)AI he a PVT. LTD.Maru Sales Serv'ce &Spares 

all u der one roof 

52 C, Shringar Nagar, 

Alambagh, Kanpur Road , 


Lucknow (UP) Tel : 246 1100. 

Mobile: 9918100812, 991 8100809, 


9918100810, 9918100813, 9918100808 

E-mail : wee@oneupmotors.com 


Website : www.oneupmotors.com 

I I ' . .....,t_ l ' ... 0.... ( " . b __ l>Ce 

'11)ith 'Best olllpfimell t -from 

http:www.oneupmotors.com
mailto:wee@oneupmotors.com


No matter what your budget or requirement is 

Eldeco has a property for you. 

From the affordable Towne and Eden Park 10 Ihe luxuriOUS Elegance and Empereur, commercial hub Xpress Plaza to Corporale 

Chambers-II for business houses, Eldeco has a property for every need and every budget. Take your pick. Choose Eldeco. 


The right time to select you r Dream Home is right here 

£LDECO 

• OxlrBO%opcn &greell area KurSI Road Crossing. Lucknow 

Designed to create lasting first impressions! 

Exclusive dubwithswimming pool N ~\'I lI)d~rlb;\d , LuLkno ....2, 3 & 4 Bedroom t\eIS with &withou t ser.oan\ room 10_,." ._"'1'''' 

• 2.3& 4 iledfOOlllApartments 
• 3 &4 Bedroom [lople, Man", Apartment; 
• ClubWIUlSW mmlng pool 

• 4 Types of expandable vma s 
Be4)uttfutly landscnped greenery 

Single en try & eXit wilh intercom 

• Club withswimming pool 
I(Jwtle
11M Road.L uc knn w 

Stfa!egic k>cabOO 

o... lW% opoo &green are. 
Recrc.ation club wrth swmring pool 

au co 
ance--­

• 3 &4 Bedroom PrelMlm Apac menls 

Celebrate 

Higher Living... 

• Rrv(H faoIngand vonlilated roans 

The Corporate world is coming to town 

• Pr mo ~ spa<X! sproad across ,t1DC:n" 
• 0., ou!l19 ht sale or assured return Dasls 
Oou~.llaSe/IIOnl I"'<mg 

• Ce-ntrall2Bd air coodi1min<} 

'II make your Business grow 

PaJ1 at fully devel CJpe(1 1ownshlp Uayan II 

S;I"31OO on Si1,ceed 1"'111 
Caterlr,g to the needs of illl new by tm'mShips 

~. ~ 

10M"o poy.rer tl:Jckup Shops kom 239 sq.M. 10 367 sq.M. u,,, ••" ... U~'III '. l l.U .... . 

Regd. Off.: 1st Floor, Pragati Kendra , Kapoorthala Aliganj. Lucknow-226 024 . Uri to li... .Ir 
Tel.: 4039999. 94 15172030, 9935633501, 9335912824; Fax: 0522-2371029; 

ISO 'IlIl l 2!1a) crRIIIIED C!IMPANY E-ma il : conlact@eldecohousing.co .in; Website : www.eldecogroup.com in all Pro jects 
8~L.~gSsq 

http:www.eldecogroup.com
mailto:conlact@eldecohousing.co.in


• Central Drug Research Institute (CDRI) 
• Central Institute of Medicinal & Aromatic Plants (CIMAP) 
• IndIan Inst.itute of Toxicology Research (IITR) 
• National Botonical Research Institute (NBRI) 
• Central Institute of Subtropical Horticulture (CISH) 
• Indian Institute of Sugarcane Research (IISR) 
• National Bureau of Fish Genetic Resources (NBFGR) 
• Biotechnology Development Council (CST,UP) 
• Inst itute of ·Engineering & Technology (lET) 

• Lucknow University (LU) 
• Sanjay Gandhi P.G Institute of Medical Sciences (SGPGIMS) 
• Chhat.rapat.i SahuJI Maharaj Medical University (CSMMU) 

IFACIUllE IN THE PARK I 
• 	 Bio-business Support Centre 

Consultancy IPR 
• Bioinformatics Centre 
• Conference & Traming 
• Developed Plots 
• Laboratory Modules 
• Biotech Networking (CST UP) 
• Centralized Analytical Facilities 
• Extraction & Upscaling 
• Tissue Culture & Macropropagation 

HEALTH CARE 
• Common Effluent Treatment Plant 

AGRICULTURE 


ENVIRONMENT 


INDUSTRIAL APPLICATION 


ENERGY 


IFUTURE PLANS I
• Incinerator 

• Build additional ready to use 15,000 sq. ft. laboratory space• Cafetaria 
• Set up a GMP compliant commercial solvent extraction plant for herbal material• Bank 
• Set up a Biopharma Biotechnology campus in partnership In about 1000 acres 

SECTOR - G, JANKIPURAM, KURSI ROAD, LUCKNOW-226021 
Phone: +91-522-4012076 f 77 , 2365050; Tele Fax: +91-522-4012081 ~ E-mail: info@blotechpark.org.in , ceo.biotech@gmail.com ; Web: www.biotechpark.org.in 

www.biotechpark.org.in
mailto:ceo.biotech@gmail.com
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t 
Reliance 

Industries Limited 

Eldeco Corporate Chamber-I, 

1st & 2nd Floor, 


Vibhuti Khand, Gomti Nagar, 

Lucknow, Uttar Pradesh 
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