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Preface

India has 9 4 . 5 3 m h a o f degraded lands. R e h a b i l i t a t i o n a n d i m p r o v i n g p r o d u c t i v i t y o f t h e s e lands
are i m p o r t a n t t o address t h e f o o d a n d w o o d r e q u i r e m e n t s o f t h e c o u n t r y . India has s e t a t a r g e t
o f r e h a b i l i t a t i o n o f 2 6 m h a o f degraded lands b y 2 0 3 0 . ICFRE i n s t i t u t e s h a v e c o n t r i b u t e d
significantly f o r r e h a b i l i t a t i o n o f degraded lands. O n 28"" A u g u s t 2 0 1 8 , ICFRE signed a M o U
w i t h t h e Indian Council o f A g r i c u l t u r a l Research (ICAR), N e w D e l h i f o r s t r e n g t h e n i n g
collaborative research, e x t e n s i o n a n d e d u c a t i o n . U n d e r t h e b i e n n i a l a c t i o n plan f o r
i m p l e m e n t a t i o n o f t h e M o U , t h e I n s t i t u t e o f Forest Genetics a n d T r e e Breeding, C o i m b a t o r e ,
has been i d e n t i f i e d as a n o d a l i n s t i t u t e t o f a c i l i t a t e c o l l a b o r a t i v e research i n t h e field o f Plant
biotechnology.

T h e o n l i n e c o n s u l t a t i v e w o r k s h o p o n "Developing molecular breeding

technologies for enhancing plant productivity in degraded lands" w a s t h e r e f o r e h e l d o n 2 4 *
M a r c h 2 0 2 1 , t o c r e a t e a n e t w o r k o f researchers t o address t h e p r o b l e m s o f land d e g r a d a t i o n .
T h e w o r k s h o p addressed t w o t h e m e s viz., 1 . Understanding stress responses and the basis of
adaptation to abiotic stresses in plants and extremophiles. 2. Developing molecular breeding
tools for incorporating abiotic stress tolerance. A t o t a l o f 9 ICAR a n d 6 ICFRE scientists w o r k i n g
in d i f f e r e n t areas o f m o l e c u l a r b r e e d i n g t e c h n o l o g i e s p r e s e n t e d v a r i o u s t o o l s , t e c h n o l o g i e s a n d
expertise available i n t h e t w o councils. A n abstract b o o k c o v e r i n g t h e s e t a l k s w a s released
d u r i n g t h e w o r k s h o p . P o t e n t i a l areas o f c o l l a b o r a t i o n w e r e also p r e s e n t e d d u r i n g t h e technical
sessions a n d panel discussions o f t h e w o r k s h o p .

I a m happy t h a t t h e deliberations o f this

ICFRE-ICAR c o n s u l t a t i v e w o r k s h o p a r e being b r o u g h t o u t as proceedings. It is h o p e d t h a t a c t i o n
plan p r o p o s e d based o n t h e w o r k s h o p d e l i b e r a t i o n s w o u l d p r o v i d e t h e w a y f o r w a r d f o r t h e t w o
councils t o d e v e l o p c o l l a b o r a t i v e projects o n a d v a n c e d b r e e d i n g t e c h n o l o g i e s f o r i m p r o v i n g
p r o d u c t i v i t y o f c u l t i v a t e d crops a n d t r e e s i n degraded lands.

\/^ (\
(Dr. C. Kunhikannan)
Director
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ICFRE-ICAR Consultative Workshop

Developing Molecular Breeding Technologies for Enhancing
Plant Productivity in Degraded Lands
24th March 2021
Rehabilitation and improving productivity of India's vast stretches of degraded lands is
important to address the food and wood requirements of the country's growing population.
India has set a target to rehabilitate 26 million hectares of degraded lands by 2030. ICFRE
has signed a MoU on 28th August 2018 with the Indian Council of Agricultural Research
(ICAR), New Delhi so that shared research problems could be addressed effectively at a
nationwide scale. The Institute of Forest Genetics and Tree Breeding, Coimbatore, has been
identified as a nodal Institute for collaborative research with ICAR in the field of Plant
biotechnology. The online consultative workshop on “Developing molecular breeding
technologies for enhancing plant productivity in degraded lands” was held to create a
network of researchers working in this area to address the problems of land degradation and
was attended by a total of 30 ICAR and ICFRE Scientists.

The inaugural session started with a welcome address by Sh. S. Senthilkumar, IFS, Group
Coordinator (Research), IFGTB, during which the research activities and accomplishments of
IFGTB were highlighted.

This was followed by an introduction to the workshop by Dr. C. Kunhikannan, Director,
IFGTB. The Director informed that this workshop was the first major step for initiating
collaborative research projects between the two Councils after signing of MoU between
ICFRE and ICAR. The importance of biotechnological tools for reclamation of degraded
lands was emphasized. He indicated that the two themes of the workshop, viz. (1).
Understanding stress responses and the basis of adaptation to abiotic stresses in plants
1
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and extremophiles and (2). Developing molecular breeding tools for incorporating
abiotic stress tolerance, would be deliberated upon by the participants in the workshop to
bring out research projects addressing land degradation issues.

Shri. S.D. Sharma, IFS, DDG (Research), ICFRE, released the workshop e-abstract book
and delivered the inaugural address. Effects of climate change like drought, salinity, flooding,
and anthropogenic activities like mining were described as major factors responsible for land
degradation. The need for Scientists to come together to meet the technological challenge of
rehabilitation of 26 million hectares of degraded lands by 2030 set by Hon'ble Prime Minister
of India Shri. Narendra Modi during the UNCCD 2019 was emphasized. He informed that the
ICFRE Institutes are already working in tree species that are grown in degraded lands, and
tools of tissue culture, genomics, genetic engineering, molecular markers and genome editing
tools are being applied in these species for tree improvement. The ICFRE-ICAR workshop
would therefore, help complement the strengths of the two councils to utilize the tools of
molecular breeding technologies for increasing productivity in degraded lands.

The overview of ICAR Research in abiotic stress was provided by Dr. D. K. Yadava, ADG
(Seeds) ICAR. The ongoing research in ICAR institutes, AICRPs, KVKs, State and Central
Agricultural Universities working on abiotic stress tolerance were highlighted. Technologies
like molecular marker assisted selection, genomics, gene editing, and high throughput
phenotyping technologies used for identifying and developing climate resilient varieties in
different crop plants were enumerated.

This was followed by an overview of the workshop by the Workshop Coordinator,
Dr. Mathish Nambiar-Veetil, Scientist F. He suggested that the meeting point for ICAR and
ICFRE for addressing issues of land degradation in arid lands would be in improving
productivity of agroforestry crops in drought and salt affected lands. This would also meet
2
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the demands of food and wood. He informed that the two themes of the workshop would
address these aspects pertaining to the application of molecular breeding tools. The overview
of molecular breeding tools that are being applied in agricultural and forestry crops was
presented (See Figure). Characterisation of stress responses and understanding the basis of
stress adaptation and gene function validation for identifying the key genes determining the
adaptive trait were identified as gaps in forestry.

The inaugural session ended with vote of thanks by Dr. A. Balasubramanian, Research
Officer-I, IFGTB.
3
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Technical Sessions

The inaugural session was followed by two technical sessions on (I) Understanding stress
responses and the basis of adaptation to abiotic stress in plants and extremophiles. (II).
Developing molecular breeding tools for incorporating abiotic stress tolerance. The technical
sessions were chaired by Dr. K. Gurumurthi, Former Director, IFGTB, and supported by
the Session Coordinator, Dr. Modhumita Dasgupta, Scientist-G and Head, Plant
Biotechnology Division and Cytogenetics, IFGTB. A total of 15 speakers comprising of 9
ICAR Scientists and 6 ICFRE scientists working in different areas of molecular breeding
technologies presented their areas of research expertise and ideas for collaboration.

Technical Session -I

Theme 1 Understanding Stress Responses and the Basis of Adaptation to Abiotic
Stresses in Plants and Extremophiles
Dr. Modhumita Dasgupta, session coordinator, welcomed and introduced Dr. K. Gurumurthi,
Former Director of IFGTB, to chair the technical sessions. The session coordinator then
welcomed all the speakers of the ICFRE-ICAR online consultative workshop.
The Chairman, Dr. K. Gurumurthi in his introductory remarks highlighted the FRI’s role
in replanting of mine overburdens in and around Dehradun, Amarkantak and BALCO
especially in limestone area in collaboration with forest departments. The difficulty in
establishment of the plants after 5-7 years despite utilising prevailing silvicultural and
microbial approaches was highlighted. He indicated that the advances in molecular biology,
4

ICFRE-ICAR consultative workshop on "Developing Molecular Breeding Technologies for Enhancing Plant
Productivity in Degraded Lands" hosted by IFGTB, Coimbatore on 24th March 2021

genomics and phenomics could potentially overcome these challenges through development
of better plant varieties. The coming together of ICFRE and ICAR to develop strategies
utilizing these advances is therefore, imperative. Much of the natural resources are in areas
below forests and therefore, mining and rehabilitating these areas is a challenge. He opined
that the collaboration between ICAR with its vast network of 114 research institutes, and
ICFRE with its 9 research institutes would be challenging yet would be met to address these
pressing issues of reclamation of degraded lands. He requested the speakers to briefly list the
achievements, and elaborate on how the molecular approaches could be used in an ICFREICAR collaboration to scale up technologies for reclaiming degraded lands.
Dr. A. Balasubramanian, introduced Dr. Jagadish Rane, Principal Scientist and Head (I/C)
ICAR-National Institute of Abiotic Stress Management, Baramati, and invited the lead
speaker to deliver the lead talk on "Understanding stress responses and the basis of
adaptation to abiotic stress in plants and extremophiles". An overview of the factors
responsible for abiotic stress, challenges / constraints / opportunities of abiotic stresses,
NIASM technology for degraded lands, developing climate smart practices/ climate smart
crops, and studies on root system architecture were presented.
Dr. Jagadish Rane, concluded his presentation suggesting that ICFRE-ICAR collaboration
could be in phenotyping solutions to unravel genes associated with drought, salinity,
high temperature, and water logging in tree species with focus on diurnal dynamics.

The Chairman, Dr. K. Gurumurthi, appreciated the efforts of the lead speaker, Dr. Jagadish
Rane for presenting an important concept related to forestry research and added that genomic
studies together with phenomics in forestry could generate a lot of information that could
shorten stress tolerance and management strategies.
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Dr. A. Selvi, Principal Scientist and Head, Biotechnology Division, ICAR-Sugarcane
Breeding Institute, Coimbatore, presented on "RNA-seq analysis of sugarcane reveals
candidates and pathways involved in drought response". The importance of sugarcane and
its wild species, syntenic relationship between genomes of sugarcane, grass and bamboo,
intergeneric hybridisation with bamboo, drought transcriptomics, miRNA sequencing,
Marker Assisted Selection (MAS), and developing functional markers for Genome Wide
Association Studies (GWAS) and genomic selection (GS) for stress tolerance were
emphasised by the speaker.
Dr. A. Selvi suggested identifying biotic/abiotic stress tolerance candidate genes and
exploitation of breeding methods to hasten crop improvement through ICFRE-ICAR
collaboration.

Dr. Anil Kumar Singh, Principal Scientist from ICAR-Indian Institute of Agricultural
Biotechnology, Ranchi, delivered a talk on "Next generation genomics and genetic
engineering approaches for developing stress tolerant plants". The presentation highlighted
the importance of gene mining in different organisms for plant stress tolerance, genomics,
transcriptomics and bioinformatics approaches to identify and characterize novel genes and
promoters, functional characterization and deployment of genes in crop plants, understanding
molecular mechanism of Nitrogen Use Efficiency (NUE) in Brassica juncea, understanding
molecular mechanism of dormancy under differential chilling regimes in Apple, and
molecular mechanism of Al tolerance in plants.
Dr. Anil Kumar Singh suggested that identification, characterization and deployment of
gene for stress tolerance in agricultural and forest plants could be a potential area for
ICFRE-ICAR collaboration.
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Dr. Amitha Mithra Sevanthi, Senior Scientist, ICAR-National Institute for Plant
Biotechnology, IARI, New Delhi, delivered a talk on "An effort towards deciphering biotic
and abiotic stress tolerance by unravelling molecular networks". Studies carried out on trait
based meta analysis of stress responsive genes, mining of orthologs of stress responsive
candidates genes/ promoters conferring durable resistance, transformation with functionally
validated candidates from crops/ orthologs, GWAS/ Marker assisted breeding for stress
tolerance were highlighted.
Dr. Amitha suggested that gene regulatory networks under multiple stresses in model
plants and crops, functional characterization of genes for multiple stress tolerance in
plants would be a potential area of ICFRE-ICAR collaboration.
Dr. Gurumurthi appreciated the work and suggested identifying the homologues in forestry
species for the 20 genes identified in wheat. On the query on durable resistance, Dr.
Amolkumar provided the example of the Pb1 gene which has provided durable resistance for
50 years and 70 million hectare due to its promoter. Dr. Gurumurthi suggested mining of
promoters.

Dr. Ajay Thakur, Scientist F and Head, Forest Genetics & Tree Improvement, ICFREForest Research Institute, Dehra Dun, presented on "Gnotobiotic plant model to study
biotic and abiotic stress under aseptic condition". The importance of genetic improvement of
trees for abiotic and biotic stress tolerance in forestry, and the utility of gnotobiotic model
system to understand stress physiology were highlighted. Ongoing studies on Dalbergia
sissoo genotypes for resistance against Fusarium solani, and in vitro approaches for salt
tolerance and pathogenesis-related proteins were elaborated by the speaker.
Dr. Ajay Thakur suggested proteomic studies, genetic modification for abiotic and biotic
stress tolerance, in vitro variation studies, in vitro mutation and ploidy studies for biotic
7

ICFRE-ICAR consultative workshop on "Developing Molecular Breeding Technologies for Enhancing Plant
Productivity in Degraded Lands" hosted by IFGTB, Coimbatore on 24th March 2021

and abiotic stress tolerance in forestry and agroforestry trees like Dalbergia sissoo, Neem,
Populus for ICFRE-ICAR collaboration.

Dr. Gurumurthi informed that the work is akin to the classical plant physiological studies. He
enquired if genetic fidelity was carried out between accession and callus.

Dr. Thakur

informed that fidelity issues were observed, and the studies were carried out in both calluses
as well as plantlets generated after 3-5 cycles of cultures. He added that the system is used
only as a tool, and for plantlet production for field applications, micropropagation techniques
would be used.

Dr. Tarun Kant, Scientist F, ICFRE-Arid Forest Research Institute, Jodhpur, delivered a
talk on "Gene co-expression networks and comparative genomics as powerful tool for
identification of genes for abiotic stress-tolerance from trees". Research areas like gene
mining for abiotic stress (salinity) tolerance in trees through massively parallel sequencing, in
silico approaches, co-expression networks, network visualization and cluster analysis,
identification of Populus orthologs of Arabidopsis, gene ontology, establishment of role of
cb-10 gene from halophytic trees, use of hydroponics, tree species as repository of novel
abiotic stress tolerance genes, and whole Genome Sequencing of native keystone species
were presented.
For ICAR-ICFRE collaboration, Dr. Tarun Kant suggested gene mining, cloning and
characterization of genes controlling biotic and abiotic stresses from native arid zone
species; and CRISPR/Cas9 Genome editing for productivity enhancement.

The Chairman enquired about the present status of regulations governing transgenic trees and
also enquired about funding for his present projects. Dr. Tarun replied that he has cloned and
8
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characterised the genes and not yet used for transformation into trees. The IBSC has been
notified regarding these studies. He informed that his ongoing research is being funded by
ICFRE. In the context of the current regulations, Dr. Gurumurthi hoped that there would be
progress in applying transgenic technology in trees.

The next talk on "Reclamation technology for mined out degraded lands using microbes" was
delivered by Dr. A. Karthikeyan, Scientist F, ICFRE-Institute of Forest Genetics and
Tree Breeding, Coimbatore. The utility of inoculation of microbes like VAM, N fixer and K
mobilizer for reclaiming laterite soils were presented.
Dr. A. Karthikeyan suggested collaboration of ICFRE-ICAR through Central Coastal
Agricultural Research Institute, Goa, for developing suitable bioremediation strategies
using extremophiles for improving plant productivity and reclaiming mined out
degraded lands.

Dr. Maneesh Bhandari, Scientist C, from ICFRE-Forest Research Institute, Dehradun,
presented a talk on "Developing molecular breeding technologies for enhancing plant
productivity in degraded lands", in which the need for low depth genome sequencing,
transcriptomics, GWAS, Sal regeneration studies, DNA barcoding to resolve taxonomic
disputes, and policy on forest biotechnology sector were emphasized.
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Technical Session -II
Theme: Developing Molecular Breeding Tools for Incorporating Abiotic Stress
Tolerance
Dr. K. Gurumurthi, chaired this session. Dr. A. Balasubramanian, introduced the lead
speaker Dr. Viswanathan Chinnusamy, Principal Scientist, Indian Agricultural Research
Institute, New Delhi, who delivered a talk on "Genome editing for developing high yielding
and climate resilient plants". The emergence of genome editing as a precision mutagenesis
tool, and phenomics as a high-throughput non-invasive phenotyping tool was highlighted.
The use of CRISPR-Cas technology to develop mutations in DROUGHT AND SALT
TOLERANCE (DST) gene and Farnesyl Transferase gene in elite indica rice cultivar,
MTU1010, was presented. The dst∆184–305 mutant had broader leaf width and reduced
stomatal density, and thus enhanced leaf water retention under dehydration stress. The
potential of genome editing tools in developing trees with improved traits of interest
internationally was indicated.
Dr. Viswanathan Chinnusamy suggested that ICAR can collaborate with ICFRE in high
throughput genome editing, genetic engineering and non-invasive phenotyping and
phenomics. ICAR could provide support for capacity building in development of gene
constructs and molecular analysis of genome edited trees.
Dr. Viswanathan Chinnusamy enquired about the tree species that could be taken up for gene
editing studies. Dr. Viswanathan Chinnusamy replied that the expertise in genetic
transformation methods of forest trees need to be developed at ICFRE institutes. IARI could
support in development of gene editing constructs. IARI also has expertise in field
phenotyping of the transgenics. Dr. Gurumurthi enquired about the feasibility of taking the
genome edited trees to the field in the context of the current regulations. Dr. Viswanathan
10
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Chinnusamy informed that DBT is revising guidelines for genome editing in plants. When
these guidelines are approved, the genome edited crops developed through SDN -1 and SDN
-2, would have no integrated transgenes, and therefore, would be treated as non-GM crops.
He informed that such genome edited crops would be indistinguishable from conventionally
bred trees. It would not be possible to detect the genetic editing unless it is declared. The
need for government institutes to develop genetically modified crops with better yields would
enable liberalizing the extant rules. He suggested that methods need to be developed for
generating gene edited crops using Cas9- gRNA based methods for making it transgene free.

Dr. Jasdeep Chatrath Padaria, Principal Scientist, ICAR-National Institute of Plant
Biotechnology, New Delhi, presented on "Prospecting of genes for abiotic stress tolerance to
develop thermo-tolerant transgenic wheat". Genomic resources developed like genes/gene
constructs available, genetic transformation protocols developed, Patent granted/ filed,
technologies developed (pipeline), functional validation for abiotic stress genes in transgenic
events were presented.

For ICAR-ICFRE collaboration, Dr. Jasdeep Chatrath Padaria, suggested that the gene
constructs available could be utilized for development of forest plants tolerant to abiotic
stress.

Dr. Amolkumar U. Solanke, Senior Scientist from ICAR- National Institute of Plant
Biotechnology, New Delhi, delivered a talk on "Functional genomics of Finger millet, an
extremophile, for climate resilient agriculture". The importance of finger millet as a staple
food for many arid regions, its adaptability to grow in harsh environmental conditions, and its
potential for rehabilitation of degraded lands were highlighted. He suggested that
11
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overexpression/ genome editing of more genes and promoters conferring abiotic stress
tolerance gene could impart durable and broad spectrum resistance,
Dr. Amolkumar U. Solanke suggested that ICAR-ICFRE collaboration could be in sharing
gene constructs for forestry plant improvement, deciphering gene regulatory networks
under multiple stresses in model plants and crops and functional characterization of
genes for multiple stress tolerance in plants.

Dr. Rakesh Banyal, Principal Scientist from ICAR-Central Soil Salinity Research
Institute, Karnal (CSSRI), delivered talk on "Unravelling adaptive salt tolerance
mechanisms and molecular breeding techniques for enhancing plant productivity in salt
affected landscapes". The global and national scenario of salt affected soils and their types,
salt tolerance mechanism in plants, relative tolerance of tree species for soil salinity,
reclamation techniques through trees, and soil drainage through eucalyptus in waterlogged
saline lands were highlighted.

Dr. Rakesh Banyal proposed that collaboration of ICAR-CSSRI and ICFRE could be on the
theme titled ‘Understanding stress responses and the basis of adaptation to abiotic
stresses in plants and extremophiles’. The collaboration could benefit from exchange of
germplasms from ICFRE centres, and field testing of genetically improved propagated
plant material.
Dr. Gurumurthi highlighted the tremendous amount of work carried out for salt affected lands
by CSSRI. He further suggested that CSSRI could be an important partner in the ICFREICAR collaborative project.
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Dr. A. Suganya, Principal Scientist (Economic Botany), ICAR-Sugarcane Breeding
Institute, Coimbatore, presented on "Drought tolerance in sugarcane genetic resources and
bamboo and exploitation of anatomical traits specific markers for climate resilience". The
talk highlighted the studies on the role of silica cells in sugarcane and bamboo to mitigate
abiotic stresses and their characterization were elaborated. Dr. A. Suganya suggested that
studies on phylogenetic relationship of sugarcane and bamboo through molecular and
cytogenetic approach, exploitation of tolerance to abiotic stresses conferred by silica
cells, development of intergeneric hybrids involving sugarcane and bamboo could be
potential areas of collaboration between ICAR- ICFRE.

Dr. Modhumita Dasgupta delivered a talk on "Harnessing genomics for assessment and
breeding of trees resilient to changing climate". The presentation highlighted the impact of
climate change on tree populations and the research conducted by the institute on landscape
genomics, molecular breeding for abiotic stress tolerance, development of drought index, and
role of bacterial endophytes in stress tolerance amelioration were enumerated.
Dr. Modhumita Dasgupta suggested that collaboration of ICAR- ICFRE could be in the areas
of high throughput phenotyping and modelling, proteomics/ metabolomics/ ionomics,
microbiomes in abiotic stress regulation, epigenomics and stress priming.

Dr. Mathish Nambiar-Veetil delivered a talk on "Composite transgenic plants: a model
system for rapidly identifying genes determining abiotic stress tolerance". The importance of
evaluating genes in the genomic and physiological context of the plant, and the utility of
composite transgenic plants as a rapid strategy for functional analysis of genes conferring salt
tolerance in difficult to transform plants were highlighted. The composite transgenic strategy,
in which transgenic hairy roots were rapidly generated on non-transgenic shoots, was used for
13
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determination of EcHKT1.1 as a suitable target for improving salt tolerance via RNAi (and
possibly gene editing) approaches in Eucalyptus.

Dr. Mathish Nambiar-Veetil, suggested that ICAR- ICFRE collaboration could be in
sharing of gene constructs, gene function analysis using composite transgenics and field
trials of transgenic trees. He suggested collaborative projects and Ph.D. sandwich
programmes in these areas.

Panel discussion
The technical session was followed by discussions by the panelists comprising of the
Director, IFGTB, Dr. C. Kunhikannan, Technical Sessions Chairman, Dr. K. Gurumurthi,
lead speakers, invited speakers and Dr. R. Yasodha, Scientist G.
Dr. K. Gurumurthi, Chairman of the technical sessions, summarized the outcome of the
workshop and suggested the following points as roadmap for collaboration.
•

ICAR has a focus on agriculture crops and has advanced institutes working on
molecular breeding approaches in these crops. Gene editing tools and high throughput
phenotyping could be important areas of research. ICAR is willing to share the
developed genomic resources, technologies and training platforms that can be quickly
absorbed in tree crops. ICFRE institutes have the requisite expertise to take up these
areas for collaboration.

•

ICFRE’s expertise is in perennial tree crops, which have unique issues like long
generation and cross pollination. Sensitization of ICAR in dealing with tree crops
could be an area of collaboration. Considerable potential also exists for harnessing the
extant diversity and gene resources from trees for use in agricultural crops for
14
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addressing land degradation. Potential exists for exchange of germplasm and
manpower.
•

IFGTB being a leading institute in molecular biology research in forestry could bring
together and enable sister institutes towards collaborative research in this area.

•

Collaboration with Central Soil Salinity Research Institute, Karnal, and other research
institutions outside of the ICAR and ICFRE like the Kerala Forest Research Institute,
Peechi, and CSIR institutes could be considered. CSIR-ICFRE collaboration could be
important for medicinal plants especially in the context of the pandemic.

•

ICAR-ICFRE can achieve more together. The workshop is an excellent step in this
direction. There is a need to quickly formulate projects and obtain funding from ICAR
and ICFRE. The need for inter-council team to form a group for collaboration for
formulating project and source of funding was emphasized.

Dr. Viswanathan Chinnusamy suggested the following points for consideration in the
ICFRE-ICAR collaboration for increasing forest productivity.
•

ICAR has expertise in genomic resource development and its utilization in crop
breeding. The same can be applied in forest tree species.

•

Agroforestry related research to be taken up for degraded lands. In this context,
Central Agroforestry Research Institute, Jhansi, could be a collaborative partner.

•

Genetic engineering and genome editing are difficult in trees, and therefore could be
an area of collaboration. Stress tolerant genes identified in trees can be tested in
agricultural crops.

•

High throughput phenotyping for specific conditions could be important for precise
QTL mapping in tree.
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•

Funding and work plan development in focussed areas are critical for successful
ICFRE-ICAR collaboration.

Dr. Jagadish Rane suggested the following points for ICFRE-ICAR collaboration.
•

Workshop topic and themes could be developed into a project for addressing
rehabilitation of degraded lands.

•

Precise phenotyping of plants stress responses is crucial for development of molecular
tools.

•

Native species growing in degraded lands need to be considered. Edaphic issues and
plant type need to be defined.

•

Microbial interaction with trees in rhizosphere need to be understood and harnessed.

Dr. Anil Kumar Singh, suggested the following points for ICFRE-ICAR collaboration.
•

Long generation time of trees makes developing speed-breeding protocols using
molecular breeding tools important.

•

Molecular breeding techniques used in apple breeding could be applied in forest tree
breeding.

•

Genes identified in trees could be tested in crops.

Dr. Rajwant Kaur Kalia, Principal Scientist, ICAR-CAZRI, informed that similar efforts
for ICFRE-ICAR-CSIR collaboration had been made earlier with World Agroforestry Centre
and needs to be followed up. Dr. Yasodha, clarified that these efforts were not in the area of
abiotic stress tolerance.
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Dr. Tarun Kant, Scientist-F, AFRI, suggested the following points for ICFRE-ICAR
collaboration.
•

Studies could focus on keystone species and extremophiles rather than glycophytes.
AFRI has already tested and grown trees suitable for drought affected areas.

•

Studies could include whole genome sequencing of keystone species, mining genes
from extremophiles and testing them in agricultural crops, genetic transformation of
trees, and phenotyping for trees as in crops.

Dr. Gurumurthi suggested making a comprehensive review on Salvadora species for use by
policy makers. He added that studies on keystone species need to be researched in the context
of protection.

Dr. R. Yasodha, Scientist-G, IFGTB, gave the following suggestions for ICFRE-ICAR
collaboration.
•

ICFRE institutes should develop common protocols for high throughput phenotyping
in tree species as in crop plants.

•

Germplasm needs to be characterised for drought, salinity and temperature.

•

Eucalyptus, mallee, acacias, casuarinas, teak could be studied.

•

Currently ICFRE does not have a programme for abiotic stress and therefore, this
programme could be taken up.

Dr. Gurumurthi opined that high throughput phenotyping would be a challenge in trees due to
the high diversity. Dr. Viswanathan Chinnusamy added that high throughput phenotyping has
importance for precision phenotyping required for understanding the basis of adaptation and
genetic improvement of the trees for growing in abiotic stress. Ground level and aerial
platforms are available for these applications.
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Dr. Mathish Nambiar-Veetil suggested the following areas for ICFRE-ICAR collaboration.
•

Advanced facilities in ICAR for confined field trials and phenotyping of genetically
engineered/ gene edited crops/trees could be useful for similar studies in forestry
species.

•

Composite transgenic technology could be used for screening of genes conferring
salinity and drought tolerance.

•

Methods for transgene- free gene-editing need to be developed in tree species at
ICFRE institutes to harness the potential of gene editing.

Dr. Gurumurthi suggested to include these areas in the projects to be formulated. Dr.
Gurumurthi enquired about the confined field trial facilities in ICAR. Dr. Mathish NambiarVeetil cited the large containment field trial facility that is available in National Banana
Research Institute, Trichy. Dr. Viswanathan Chinnusamy supported that this could be an area
of collaboration. To overcome delays in obtaining permission from the state government for
transgenic field trials, such facilities are to be established by the ICAR-National Institute of
Plant Biotechnology, New Delhi, in the coming five years

Dr. Modhumita Dasgupta suggested the following areas for ICFRE-ICAR collaboration.

•

High throughput phenotyping for abiotic stress tolerance can be a potential area of
collaboration between the two Councils.

•

Research on root architecture and resource foraging can be an area of common
interest.
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Dr. K. Gurumurthi, appreciated the efforts to bring together scientists from ICFRE and ICAR
to address land degradation issues. The workshop has been able to identify interested research
collaborators and potential areas of collaboration. He emphasized the need for taking the
workshop proceedings further to enable development of collaborative projects between ICAR
and ICFRE. In this direction, he suggested that a core team is formed at ICFRE, followed by
an intercouncil team in ICAR and ICFRE, who would formulate the project and seek funding.
Funding sources like ICAR, ICFRE or international agencies like CIFOR could be explored.
The Director, IFGTB, Dr. C. Kunhikannan, in his concluding remarks appreciated the
contribution of all speakers in this workshop and the Technical Chairman, Dr. K. Gurumurthi
for guiding the workshop technical sessions and the panel discussion. He informed that the
proceedings of the workshop would be sent to ICAR and ICFRE, and a core group would be
formed so that different Institutes of the two council represented in this workshop could come
together to develop projects in a years' time frame. The Director thanked the DG, ICAR and
ICFRE for supporting this workshop.
Dr. Mathish Nambiar-Veetil, Workshop Coordinator, concluded the online workshop by
delivering vote of thanks.

19

ICFRE-ICAR consultative workshop on "Developing Molecular Breeding Technologies for Enhancing Plant
Productivity in Degraded Lands" hosted by IFGTB, Coimbatore on 24th March 2021

Developing Molecular Breeding Technologies for Enhancing Plant
Productivity in Degraded Lands

Action points based on the workshop deliberations
1. Project formulation
•

The workshop has been able to identify interested research collaborators for developing
molecular breeding approaches for addressing land degradation issues. Key ICAR
institutes include IARI, New Delhi. NIPB, New Delhi, NIASM, Baramati, CSSRI,
Karnal, CAZRI, Jodhpur, CAFRI, Jhansi, CRIDA, Hyderabad, SBI, Coimbatore. Key
ICFRE institutes include IFGTB Coimbatore, FRI Dehradun, and AFRI Jodhpur.
IFGTB could bring together and enable sister institutes towards collaborative research in
this area. Other non ICFRE/ ICAR research institutes affiliated to SAUs, CSIR or DBT
institutes like ILS, Bhubaneswar could also be considered.

•

A core team needs to be formed at ICFRE, followed by an inter-council team in ICAR
and ICFRE, to formulate the project and seek funding. Funding sources like ICAR,
ICFRE, DBT or international agencies like CIFOR could be explored.

2. Areas, species and facilities identified for collaboration
Work plan development in focussed areas is critical for successful ICFRE-ICAR
collaboration.
•

Workshop topic "Developing molecular breeding technologies for enhancing plant
productivity in degraded lands" with the themes viz., (1). Understanding stress responses and
the basis of adaptation to abiotic stresses in plants and extremophiles and (2). Developing molecular
breeding tools for incorporating abiotic stress tolerance, could be projectised for addressing
rehabilitation of degraded lands.
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Major areas:
a. Developing common protocols for high-throughput phenotyping for characterising plant
responses under specific stress conditions.
b. Genome sequencing, epigenomic/ transcriptomic/ proteomic/ metabolomic/ ionomic
approaches to unravel genes and networks associated with drought, salinity, high
temperature, and water logging in tree species/ extremophiles.
c. Determination of gene-function via in planta functional analysis in model systems/
composite transgenics.
d. Evaluation of genes identified from trees/ extremophiles for imparting abiotic stress
tolerance in agricultural crops.
e. Developing advanced tissue culture and genetic modification tools for transgene-free
gene editing in vegetatively propagated plants.
f. Developing speed-breeding protocols using phenomic and genomic marker approaches
for incorporating abiotic stress tolerance in trees.

Target species: Agroforestry species like acacias, casuarinas, Dalbergia, eucalyptus, mallee,
neem, poplars, teak, sandal; agriculture crops like fingermillet, sorghum, rice, wheat, sugarcane;
extremophiles like Prosopis, Lepidium, Salvadora , mangrove species and plant- microbe associates.

Advanced facilities and capacity building
a. ICAR could provide support for capacity building in phenomics and gene editing.
b. High throughput phenotyping facilities available at ICAR can be a potential area of
collaboration between the two Councils.
c. ICFRE could partner in the advanced facilities being established by ICAR for confined
field trials of genetically engineered/ gene edited crops/trees.
d. ICFRE could provide support for sensitization of ICAR in dealing with research on tree
crops.
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Appendix- i
Developing Molecular Breeding Technologies for Enhancing Plant
Productivity in Degraded Lands
Host: Institute of Forest Genetics and Tree Breeding, Coimbatore
Date: 24 March 2021
Schedule
Inaugural
session
Welcome address
Shri. S. Senthil Kumar, IFS
Group Coordinator (Research)

10.00
am

10.05
am

Introduction to the workshop
Dr. C. Kunhikannan
Director, IFGTB

10.05
am

10.10
am

Release of workshop e-abstract book and Inaugural
address
Shri. S.D. Sharma, IFS
DDG (R), ICFRE
Overview of ICAR Research in abiotic stress:
Dr. D.K. Yadav
ADG (Seeds), ICAR

10.10
am

10.25
am

10.25
am

10.40
am

Overview of the workshop
Dr. Mathish Nambiar-Veetil
Workshop Coordinator and Scientist F, IFGTB

10.40
am

10.50
am

Vote of Thanks
Dr. Balasubramanian Aiyar
Research Officer-I, IFGTB

10.50
am

10.55
am

10.55
am

11.05
am

Tea Break

Technical
Session 1
Theme 1: Understanding stress responses and the basis of adaptation to abiotic stresses
in plants and extremophiles

ICAR

22

Introductory Remarks for the Technical Sessions
Dr. K. Gurumurthi
Technical Session Chairman and Retd. Director, IFGTB

11.05
am

11.15
am

Dr. Jagadish Rane
ICAR-National Institute of Abiotic Stress Management
Lead Talk: Understanding plant stress responses and
the basis of adaptation to abiotic stress in plants and
extremophiles

11.15
am

11.35
am
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ICFRE

Dr. Selvi A.
ICAR- Sugarcane Breeding Institute
RNA seq analysis of sugarcane reveals candidates and
pathways involved in drought response

11.35
am

11.45
am

Dr. Anil Kumar Singh
ICAR-National Institute for Plant Biotechnology
Next generation genomics and genetic engineering
approaches for developing stress tolerant plants

11.45
am

11.55
am

Dr. Amitha Mithra Sevanthi
ICAR-National Institute for Plant Biotechnology
An effort towards deciphering biotic and abiotic stress
tolerance by unravelling molecular networks

12.00
pm

12.10
pm

Dr. Ajay Thakur
ICFRE-Forest Research Institute
Gnotobiotic plant model to study biotic and abiotic stress
under aseptic condition

12.10
pm

12.20pm

Dr. Tarun Kant
ICFRE-Arid Forest Research Institute
Gene co-expression networks and comparative
genomics as powerful tool for identification of genes for
abiotic stress-tolerance from trees

12.20
pm

12.30
pm

Dr. A. Karthikeyan
ICFRE-Institute of Forest Genetics and Tree Breeding
Reclamation mined out degraded lands with suitable tree
crops and beneficial microbes

12.30
pm

12.40
pm

Dr. Maneesh Bhandari
ICFRE-Forest Research Institute
Transcriptomics of microbial association for root growth
in trees

12.40
pm

12.50
pm

Session Discussion

12.50
pm

01.00
pm

Lunch Break

01.00
pm

02.00
pm

Technical Session 2: Developing molecular breeding tools for incorporating abiotic
stress tolerance
ICAR
Dr. Viswanathan Chinnusamy
02.15
02.35
ICAR-Indian Agricultural Research Institute
pm
pm
Lead talk: Genome editing for developing high yielding
and climate resilient plants
Dr. Jasdeep Chatrath Padaria
ICAR-National Institute for Plant Biotechnology
Prospecting of genes for abiotic stress tolerance to
develop thermotolerant transgenic wheat
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ICFRE
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Dr. Amolkumar U. Solanke
ICAR-National Institute for Plant Biotechnology
Functional genomics of Finger millet, an extremophile,
for climate resilient agriculture

02.45
pm

02.55
pm

Dr. Rakesh Banyal
ICAR-Central Soil Salinity Research Institute
Unravelling adaptive salt tolerance mechanisms and
molecular breeding techniques for enhancing plant
productivity in marginal landscapes

02.55
pm

03.05
pm

Dr. Suganya A.
ICAR- Sugarcane Breeding Institute
Drought tolerance in sugarcane genetic resources and
Bamboo and exploitation of anatomical traits specific
markers for climate resilience

03.05
pm

03.15
pm

Dr. Modhumita Dasgupta
ICFRE-Institute of Forest Genetics and Tree Breeding
Harnessing genomics for assessment and breeding of
trees resilient to changing climate

03.15
pm

03.25
pm

Dr. Mathish Nambiar-Veetil
ICFRE-Institute of Forest Genetics and Tree Breeding
Composite transgenic plants: a model system for rapid
determination of major genes conferring Abiotic stress
tolerance

03.25
pm

03.35
pm

Session 2 Discussion

03.35
pm

03.50
pm

Panel Discussion and Conclusion session

04.00
pm

05.15
pm
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Appendix- ii

Address of Speakers
ICAR
Dr. Amitha Mithra Sevanthi
ICAR-National Institute for Plant Biotechnology, LBS Premises, IARI, PUSA Campus, New
Delhi-110 012, India.
Email: amithamithra.nrcpb@gmail.com
Dr. Amolkumar U. Solanke
ICAR-National Institute for Plant Biotechnology, New Delhi-110 012, India.
Email: amolsgene@gmail.com
Dr. Anil Kumar Singh
School of Genetic Engineering, ICAR-Indian Institute of Agricultural Biotechnology,
Ranchi-834 010, India.
Email: anils13@gmail.com
Dr. Jagadish Rane
School of Water Stress Management,
ICAR-National Institute of Abiotic Stress Management, Malegaon, Baramati-Pune.
Email: jagadish.rane@icar.gov.in
Dr. Jasdeep Chatrath Padaria
National Research Centre on Plant Biotechnology, PUSA Campus, New Delhi-110 012,
India.
Email: jasdeep_kaur64@yahoo.co.in
Dr. Rakesh Banyal
ICAR-Central Soil Salinity Research Institute(DARE, Ministry of Agriculture and Farmers’
Welfare, Govt. of India) Zarifa Farm, Kachhwa Road, Karnal-132 001, Haryana, India.
Email: drbanyal08@gmail.com
Dr. Selvi Athiappan
Biotechnology section, Division of Crop Improvement, Indian Council of Agricultural
Research- Sugarcane Breeding Institute, Coimbatore 641 007, Tamil Nadu, India.
Email: selviathiappan@yahoo.co.in
Dr. Suganya A
Sugarcane Breeding Institute, Coimbatore-641007, Tamil Nadu, India.
Email: suganyamuns@rediff.com
Dr. Viswanathan Chinnusamy
Division of Plant Physiology, ICAR-Indian Agricultural Research Institute,New Delhi-110
012, India.
Email: viswa.chinnusamy@gmail.com
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ICFRE
Dr. Ajay Thakur
Division of Genetics and Tree Improvement, PO. New Forest, Forest Research Institute,
Dehradun, Uttarakhand, India.
Email: thakura@icfre.org
Dr. Karthikeyan A.
Institute of Forest Genetics and Tree Breeding, R.S. Puram, Coimbatore-641 002, Tamil
Nadu, India.
Email: karthika@icfre.org
Dr. Maneesh S. Bhandari
Division of Genetics & Tree Improvement, Forest Research Institute, Dehradun-248 195,
Uttarakhand, India.
Email: maneesh31803@gmail.com

Dr. Mathish Nambiar-Veetil
Plant Biotechnology and Cytogenetics Division, Institute of Forest Genetics and Tree
Breeding, Coimbatore-641 002, Tamil Nadu, India.
Email: mathish@icfre.org
Dr. Modhumita Dasgupta
Plant Biotechnology and Cytogenetics Division, Institute of Forest Genetics and Tree
Breeding, R.S. Puram, Coimbatore 641 002, Tamil Nadu, India.
Email: ghoshm@icfre.org

Dr. Tarun Kant
Genetics and Tree Improvement Division, Arid Forest Research Institute, PO. Kirshi Upaz
Mandi, New Pali Road, Jodhpur-342 005, Rajasthan, India.
Email: tarunkant@icfre.org
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Address of Registered Participants
ICAR
Dr. Arjun Singh
ICAR- Central Soil Salinity Research Institute, Regional Research Station, Old Jail Road,
Dilkusha P.O, Lucknow-226002, India.
Email: Arjun.Singh1@icar.gov.in
Dr. Devendra Singh
Plant Improvement and Pest Management, ICAR- Central Arid Zone Research Institute,
CAZRI Road, Jodhpur - 342 003, Rajasthan, India.
Email: devendraiari@gmail.com
Dr. Raj Kumar
ICAR-Central Soil Salinity Research Institute (DARE, Ministry of Agriculture and Farmers’
Welfare, Govt. of India) Zarifa Farm, Kachhwa Road, Karnal-132 001, Haryana, India.
Email: rajcswcrti@gmail.com
Dr. Rajarajan K
Tree Improvement, ICAR- Central Agroforestry Research Institute, Near Grassland, Jhansi284003, Uttar Pradesh, India.
Email: Rajarajan.K@icar.gov.in
Dr. Rajneesh Sharma
Plant Improvement and Pest Management, ICAR- Central Arid Zone Research Institute,
CAZRI Road, Jodhpur - 342 003, Rajasthan, India.
Email: rajneesh.sharma@kar.gov.in
Dr. Rajwant Kaur Kalia
Division of Plant Improvement and Pest Management,
ICAR-Central Arid Zone Research Institute,
Near ITI Circle, Jodhpur-342003
Email: rajwant.kalia@icar.gov.in
Dr. Sarvjeet Kaur
ICAR-National Institute for Plant Biotechnology, LBS Building, Pusa Campus, New Delhi110012, India.
Email: Sarvjeet.Kaur@icar.gov.in
Dr. Shiran K
Division of Integrated Farming System, ICAR- Central Arid Zone Research Institute, CAZRI
Road, Jodhpur - 342 003, Rajasthan, India.
Email: shiranars@gmail.com
Dr. Valarmathi R
Division of Crop Improvement, Sugarcane Breeding Institute, Coimbatore-641007, Tamil
Nadu, India.
Email: valarmathi.r@icar.gov.in
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Dr. Vinu V
Division of Crop Improvement, Sugarcane Breeding Institute, Coimbatore-641007, Tamil
Nadu, India.
Email: vinu.kathu@gmail.com

ICFRE
Dr. Arvind Kumar
Division of Forest Protection, Forest Research Institute, PO- New Forest, Dehradun-248006,
Uttarakhand, India.
Email: arvind.ento@gmail.com
Dr. Karma Gyalpo Bhutia
Division of Genetics and Tree Improvement, Rain Forest Research Institute, A T Road,
Chenijaan, Jorhat, Assam- 785001, India.
Email: karmagbhutia29@gmail.com
Dr. Meena, R. K.
Division of Genetics and Tree Improvement, PO. New Forest, Forest Research Institute,
Dehradun- 248006, Uttarakhand, India.
Email: rajnrcpb@gmail.com
Dr. Ramasamy Yasodha
Plant Biotechnology and Cytogenetics Division, Institute of Forest Genetics and Tree
Breeding, R.S. Puram, Coimbatore 641 002, Tamil Nadu, India.
Email: yasodha@icfre.org
Dr. Rekha R Warrier
Plant Biotechnology and Cytogenetics Division, Institute of Forest Genetics and Tree
Breeding, R.S. Puram, Coimbatore 641 002, Tamil Nadu, India.
Email: rekhawarrier@gmail.com
Dr. Shambhavi Yadav
Division of Genetics and Tree Improvement, PO. New Forest, Forest Research Institute,
Dehradun- 248006, Uttarakhand, India.
Email: shambhaviy@icfre.org
Dr. Shruti Godara
Division of Genetics and Tree Improvement, Rain Forest Research Institute, A T Road,
Chenijaan, Jorhat, Assam- 785001, India.
Email: sgodara@icfre.org
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