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PROCEEDINGS

2ND NATIONAL BRASSICA CONFERENCE
Brassicas for addressing edible oil and nutritional security
(February 14-16, 2014)
PAU, Ludhiana

The 2nd National Brassica Conference, held at the Punjab Agricultural University, Ludhiana, February 14-16, 2014, was jointly organized by the Society for Rapeseed-Mustard Research, Bharatpur and the Indian Council of Agricultural Research, New Delhi. The conference was inaugurated by Dr Baldev Singh Dhillon, Worthy Vice-Chancellor, PAU, Ludhiana as a chief guest and Dr Arvind Kumar, DDG (Education),  Indian Council of Agricultural Research was presided the Conference. The theme of the Conference is extremely timely in view of the rapidly changing scenario of oilseed in the country and in the light of globalization and liberalization of agricultural economy. The important sub-themes of the conference were selected to address challenges and opportunities in almost all area of research and development of oilseed Brassica.  In different sessions, besides the lead presentations by the eminent speakers from India and abroad, there were more than 200 papers received from the delegates across the country including various international organizations were presented.


The inaugural session was graced by very senior personalities, viz., Dr P C Sharma (Ex-Director, NRCPB, New Del;hi), Dr Martin Barbetti, (University of Western Australia), Dr. P.R. Kumar, Ex-ADG, ICAR, Dr. P.R. Verma, Ex- Plant Pathologist, Agriculture Canada, Saskatoon Research Station, Canada, Dr. G.S. Saharan, (Ex-Head, CCSHAU, Hisar), Prof. S.J. Kolte (Ex=Professor, GBPUAT, Pantnagar), Dr. Jayant Patel, DuPont, Canada, Deans, Directors of PAU and many other dignitaries and researchers involved in Brassica crop commodity. 

Dr. Arvind Kumar, President, SRMR & DDG (Edn) ICAR welcomed all the delegates from different parts of the country and abroad in his presidential address and congratulated all the organizers for organizing this second successive national brassica conference. He put forth the scenario of oilseed in India and shown the concern for import of edible oil, he emphasized for the overall development of the crop including hybrid development, yield improvement, developments in biotic and abiotic stress tolerance and extension activities. He appreciated the Public Private Partnership and hybrid work done by Pioneer, Advanta, Delhi University and DRMR. He expressed that the challenge ahead is to double the production in next decade with limited scope for area expansion. He further appreciated the work done by Brassica scientists that lead to the development of high yielding varieties and improved management practices resulting in considerable increase in mustard yield in the recent past.

Dr Baldev Singh Dhillon, Worthy Vice-Chancellor, PAU, Ludhiana expressed the need to bridge the large gap in demand and supply since we are importing edible oil worth Rs. 55,000 crores per annum. In 1960’s, there was large demand for food security with little concern about nutritional security as that was the need of that time. At present, we are almost self-sufficient in food-grain production. Since, level of income of people is increasing leading to increase in their purchasing power and awareness about the health benefits of quality food and oil, therefore, the demand for quality oil is increasing. He stressed the scientists to work hard to develop improved varieties of rapeseed-mustard with high quality oil and tolerance to biotic and abiotic stresses. New plant types should be developed to address all these issues. Brassicas have great potential in overcoming the edible oil shortage and providing nutritional security. However, this potential has not yet been tapped. There is a need to discuss the issues confronting its production and productivity and to define a roadmap for achieving self-sufficiency in edible oils availability and nutritional security. He suggested that all material tested for three years must go to the KVKs for further testing and their subsequent release as a variety/hybrid. 

There should be a long concerted effort to hunt for the gene for specific trait. The effect of climate change is evident in the recent years and is being witnessed by everyone, but we are not able to predict about this climate change despite being having the oldest Agro-meteorological department at PAU. There is a need to come up on this front also and scientists should work hard to develop cultivars that are better adapted to these changes in climate. Good progress has been done in this area of abiotic stress management but there is a need to work on abiotic stress tolerance alongwith productivity enhancement. Oilseeds mission was able to meet the 95 per cent requirement of edible oilseeds but there is need to work hard further to increase the oilseeds production to that level and to sustain that production. Failures are more frequent in good research and we should not afraid of them and continue to deliver our best. 
Session 1 

Evolution, Trait Genetics and Breeding

Chairman

:
Dr R. P. Sharma, Ex. Director, NRCPB, New Delhi

Co-chairman

:
Dr Jayant Patel, Programme Leader, DuPont, Canada
Convener

: 
Dr. Pushp Sharma/ Dr. Sk Dhillon, PAU, Ludhiana

Rapporteur

:
Dr P.D. Meena, Sr. Scientist, DRMR, Bharatpur

Dr Dhiraj Singh, Director, DRMR, Bharatpur delivered a talk on ‘Genetic enhancement of mustard for seed yield & its sustainability’. He expressed that the demand of edible oil is increasing and there is a need to increase the production and productivity from current 6.78 mt and 1159 kg/ha to 16.4-20.5 mt and 2245 kg/ha, respectively, by year 2030. Since, there is very little scope for further area expansion, the demand can largely be met through increase in yield per unit area. The full potential of existing cultivars can be realized and sustained by insulating the crop by incorporating gene(s) for resistance to biotic and abiotic stresses. Further, the current yield levels of the crop can be increased by restructuring the plant type and heterosis breeding. The adoption of biotechnological tools has enabled to overcome the barrier of exploitation of genes from diverse sources. The QTL analysis of major traits pertaining to yield could be helpful in locating the favourable alleles and determine their organization. Earlier attempts to bring together desirable traits from exotic Indian mustard gene pool and wild relatives through conventional breeding have been largely unsuccessful as they also brought in poor agronomic genes leading to lesser genes of cross derivatives. He expressed that development of more productive purelines and hybrids will, therefore, require biotechnological interventions like transfer of gene(s)/QTL through marker-assisted selection (MAS) from one gene pool to the other without sacrificing the loci involved in higher yields. 
Dr S.S. Banga, ICAR National Professor, PAU, Ludhiana highlighted on ‘Evolution and divergence in Brassica juncea’ and presented that B. nigra and B. rapa are believed to be cytoplasm donors to B. carinata and B. juncea, respectively and three plasmotypes were detected for B. rapa and two for B. nigra. In his talk he mentioned that the East European B. juncea was grouped along with B. nigra, implying it may be the cytoplasm donor to B. juncea of East European origin. Most of the Indian, Chinese and Australian B. juncea was grouped into Group I, most genotypes of which contained cytoplasm distinct from both B. rapa and B. nigra and proposed to recognize it as group ‘A’. Group II comprising East European and few Indian B. juncea genotypes was cytoplasmically homologous to B. nigra and was proposed to term as Group ‘B’. 
Research on hybrid development is gaining momentum in many crops including oilseed Brassicas. Dr. J. Patel’s talk on ‘International trends in hybrid Brassica research’ highlighted the recent trends in canola hybrid development all over the world. He expressed that there is a lot of interest in private sector for investment in hybrid since there is high acceptability for hybrid Canola among farmers. Canadian farmers harvested record canola yields in 2013. Just like the happened in wheat and rice monoculture of canola also invites many problems such as blackleg, clubroot and Sclerotinia rot. He highlighted that canola researchers around the world especially in Australia, Canada and France have been working on adult plant and seedling resistance against blackleg. During last ten years, direct harvesting of commercial canola crop has gained more importance in Canada, increasing chances of yield losses due to pod shatter. Dr. Patel told that Bayer Crop Science has launched first shatter tolerant hybrid in 2013. He further, told that in Europe, winter rape hybrids have been introduced in most countries with Germany being the leader in hybrid adoption. Recently, Pacific Seed was the first to commercialize OGU CMS based Triazine® tolerant hybrids. In India, DuPont Pioneer commercialized several B. juncea hybrids based on OGU CMS system and demonstrated yield advantage to farmers. 
Development of suitable male sterile lines is one of the foremost requirements in hybrid seed development. Cytoplasmic Male Sterility system has the potential to fulfill this requirement. Since, B. juncea is widely grown winter oilseed in India, the development of hybrids in mustard is highly desirable. Due to the lack of natural CMS system in B. juncea, the presentation by Dr. S.R. Bhatt on ‘Developing and optimizing Cytoplasmic Male Sterility systems in B. juncea’ holds high significance. The CMS systems based on Moricandia arvensis, Diplotaxis berthautii and D. erucoides have been found to be suitable for commercial application. An improved, chlorosis-corrected CMS involving ‘ogura’ cytoplasm was developed at NRCPB (Og-1) through somatic hybridization but was found to be unstable. He explained that work is going on to develop a better CMS system for hybrid development in B. juncea. 
Dr. D.K. Yadav, IARI, New Delhi presented the ‘Emerging challenges of abiotic stresses in oilseed Brassicas’. He explained that the effect of climate change is evident to everyone and the adverse climatic factors such as water scarcity, extreme temperatures, photon irradiance and contamination of soils by high ion-concentration are the major growth stressors that limit productivity of not only Brassicas but other crops as well. He explained that efforts have been made to develop salt, temperature and frost tolerant varieties in Brassicas. He, however, expressed that there is a need to understand the genetic, biochemical and molecular mechanism governing tolerance/susceptibility to these stresses to develop better level of tolerance against different stresses. 

Vegetable Brassicas are another group of Brassica crops being grown in many parts of the country. They are a good source of dietary vitamins and minerals. In addition there also contain a number of antioxidants and have good wound healing properties. Dr. Pritam Kalia, IARI, New Delhi  presented ‘Breeding Brassica Vegetables’ and expressed that breeding efforts in these crops are directed towards improving yield and tolerance to diseases and insect-pests in addition to breeding for appearance, commercial quality, shelf life, taste and neutraceutical value. He told that hybrid breeding has shifted from traditional sporophytic self-incompatibility mechanism to Ogura sterile cytoplasm. Transgenics for resistance to Diamondback moth are being experimented in addition to work on black rot and downy mildew resistance.
Session 2 

Plant Protection – Challenges and Prospects
Chairman
:
Dr P.R. Verma, Former Pathologist, 


Agriculture Canada Research Station, Saskatoon, Canada
Co-chairman

:
Dr G. S. Saharan, Ex. Professor and Head, 




Department of Plant Pathology, CCS HAU, Hisar

Convener

: 
Dr. P.D. Meena/ Dr. P.S. Sandhu/ Dr. Sarwan Kumar

Rapporteur

: 
Dr P. D. Meena, Sr. Scientist, DRMR, Bharatpur

The challenges in plant protection in brassica crops is gaining significant research attention in the recent years. The economic losses caused due to pests and diseases in oilseed and vegetable Brassicas is an area of serious concern. The two presentations in the session had their focus on two major fungal diseases in Brassicas. Prof. Barbetti’s presentation on subspecific variation in Brassica pathogens raises many pertinent and critical questions on the research strategies to be adopted in plant breeding efforts for development of disease resistant cultivars in oilseed Brassicas. Since the information on subspecific variation in Sclerotinia rot pathogen is limited and sketchy, it is important to give enhanced attention for developing comprehensive information on the pathogen.


A lack of our understanding of sub-specific variation could lead to several detrimental consequences. The breakdown of resistance in existing cultivar is on such consequence. This had already happened for other diseases like black leg disease in European countries. Sub-specific variation is influenced by several factors including the type of genetic mechanism of resistance, availability of diverse brassica crops, the location, year etc.


Dr Barbetti’s presentation covered major diseases like white rust, sclerotinia, down mildew and black leg. The observed subspecific variation across the diseases and their underlying factors which influence the host-species interaction holds several lessons for brassica researchers in India. As far as white rust disease in concerned, it is very important to define major prevalent races. Screening for disease resistance should also be done for all the prevailing races of the pathogen to ensure that the cultivar maintains resistance against a broad spectrum of white rust pathogen races. 

The sub-specific variation in sclerotinia is quiet complex with the stem resistance varying not only between isolates but also across regions and countries. Identification and deployment of host resistance against prevailing pathotypes becomes more important in such scenario. A comprehensive understanding of sub-specific variation can eliminate duplication of breeding efforts by using genotypes that are essentially similar in host resistance and response. The development of a robust host differential set and an understanding of the separate genetic control of resistance at seedling stage and adult stage is essential for strengthening plant breeding strategies. 


Though, sub-specific variation creates significant challenges for crop breeding strategies for developing disease resistant cultivars, it can be managed effectively by defining and monitoring the races extensively. Research systems can use the information on sub-specific variations to allow reutilization of failed major gene resistance and in deciding which cultivars should be grown in different regions based on distribution of pathotypes. The observation that variable environment offers better opportunity for better understanding of the process involved in sub-specific biology is relevant to India, where Brassicas are grown under diverse agro-climatic conditions.


The research on white rust at the global and National level over the last two centuries was succinctly summarized by Dr Saharan in his presentation on white rust. White rust is an economically important disease of Brassicas which is reported from across the major brassica growing regions in India. 

The absence of a standardized nomenclature of races at international level is a major drawback in developing a true picture of the genetic diversity of the pathogen, Albugo candida. The major knowledge gaps with respect to white rust disease are about the mechanism of inheritance of resistance and the nature and mechanism of Albugo-Peronospora association. The genetic diversity of A. candida exposed in th;e presentation by Dr Saharan and the sub-specific variation stressed by Dr Barbetti could be seen in leading to similar conclusions.

The fungal pathogens of Brassica crops show incredible sub-specific variation, which can impair the efforts for development of resistant cultivars. To overcome this cataloguing and monitoring of the pathotypes and development of superior host differential sets is important. Identification of broad-spectrum sources of resistance and its further genetic investigation can give the answers to some of the questions posed by the genetic variability of pathogens and the diversity they exhibit in host-pathogen interaction.


The diversity of brassica crops and the diverse agro-climatic conditions in which they are domesticated also makes it an ideal crop to push the boundaries of our understanding of sub-specific biodiversity, its nature, causes, consequences and management. 
Session 3 

Crop Management: Challenges and Possibilities

Chairman
:
Dr D. K. Sharma, Director, CSSRI, Karnal
Co-chairman

:
Dr Dhiraj Singh, Director, DRMR, Bharatpur

Convener

:
B.K. Kandpal, Virender Sardana and Shikh Preet Singh 

Rapporteur

: 
Dr S.P. Singh, Sr. Scientist, DRMR, Bharatpur
The area under rapeseed-mustard has been more or less stagnant in the recent past because of the challenges imposed upon by other remunerative crops such as wheat. Further, in most parts of the country these crops are grown on marginal lands. Thus, the current challenge to increase production can be met by increasing the per unit productivity which can be achieved by precise management of the crop. Dr Majumdar in his talk has rightly emphasized to precisely manage the various inputs to help increase their utilization efficiency and also to increase the environmental sustainability of production systems. In a country like India, the most of the nutrients are applied based on the recommendation of the research institution without giving due consideration to the soil health status. This leads to inadequate application of nutrients. While excess of nutrients are leached down in the underground water table and find their way to the water bodies leading to water pollution, the under-application of nutrients in manifested in the form of lower yields. The 4Rs suggested by authors should be strictly adhered to, that not only increases the nutrient use efficiency but also helps to prevent excessive application of fertilizers and environmental pollution. There is a need to educate farmers especially the smallholder ones about this “4R Nutrient Stewardship” to cut their production costs and to increase the yields. 

Since there is great variation in the nutrient status of soil from location to location, there is a need to develop a system for site specific nutrient management. The ‘Nutrient Expert®’ decision support tool is a right step in this direction that utilizes the principles of site specific nutrient management. It is an easy to use tool to provide field specific integrated fertilizer recommendations to cereal farmers. There is a great need to develop such tool for small holder brassica farmers also. 

There has been large hue and cry about the climate change and its effect on human civilization and domesticated and wild animals. The increase in the temperature, unpredicted and uneven rains, extreme weather events have posed a new challenge to the world food production. Dr Kandpal in his presentation has rightly pointed out that India is one of the most vulnerable countries to this climate change. He has stressed that all the stakeholders should work together to combat or minimize the effect of climate change. While governments should work and come out with some policy to reduce the greenhouse gases, scientists should work to breed and develop crop varieties better adapted to abiotic stresses. Breeding in Brassicas should be concentrated towards the development of seedling and terminal heat stress tolerant, frost tolerant, salinity tolerant and drought tolerant cultivars. Farmers can be encouraged to apply fermented slurry in place of unfermented FYM and improving water and nutrient management. There should be better weather forecasting systems and effective crop insurance to reduce/compensate the losses in the event of crop failure due to extreme weather events. 
Session 4 

Crop Physiology and Nutritional quality

Chairman
:
Dr P. R. Kumar,  



Ex. ADG (O & P), ICAR, New Delhi

Co-chairman

:
Dr Shashi Banga





Incharge (Oilseeds), Department of Plant Breeding and Genetics, 





PAU, Ludhiana
Convener

:
Pushp Sharma and Sanjula Sharma
Rapporteur

: 
Dr S. S. Rathore





Sr. Scientist, DRMR, Bharatpur


Dr R.K. Pannu, Dean, College of Agriculture, CCS HAU, Hisar has delivered a lecture on ‘Canopy architecture and crop modelling for change’. Dr Pannu emphasized the need of crop modelling for enhancing the input use efficiency and crop productivity by directly reducing the cost of cultivation. Initially crop modelling was done on quadratic relationship. He also pointed out that 240% increase in oilseeds productivity is required to achieve self sufficiency in oilseeds. 

Speaker has elaborated the different plant ideotype for various biotic and abiotic stresses. Harvest index improvement was the important factor in changing the crop productivity and was responsible for green revolution in 1960’s. There is no environment which is stress free, thus, tolerance to stress is important than effort for resistance. There is need to develop optimizing plant canopy. He explained of small and erect leaf canopy of wheat plant. He further explained about isolation, competitive and crop ideotype. Deep root system is important plant trait for abiotic stress. There is a need to study in detail about untapped root morphology of different crops. 

Crop modelling is a multidisciplinary integrated approach. RH-0749, mustard varieity, release recently was told the best genotype for enhancing the seed productivity. There is an urgent need to develop plant ideotype for mechanization, precision farming, for direct seeded rice, SRI, for climate change, water stress and high plant density etc. 


The 2nd lecture was delivered by Dr Abha Agnihotry from Amity University, Noida on health benefits of brassica. She explained about the qualities of mustard oil such as it has high antioxidant properties and mono-unsaturated fatty acid. Mustard seed is rich in minerals. She also explained that Brassica vegetables are having anti-carcinogenic and many other neutraceutical properties. Dr Dhiraj Singh, Director, DRMR suggested to include research on blending of different edible oils and value addition. 


Dr Kolte suggested for starting some research on the technique to make mustard seed in roasted form like roasted groundnut. In Korea, people eat roasted sesamum. He further suggested apprised about the medicinal value of Taramia (Eruca sativa) for treatment of cataract as this has been used in ITK in some parts of U.P. Dr Dhiraj Singh suggested for data generation on the aspect of use of various oilseeds for food purposes in different forms.

Dr P.R. Kumar, Chairman of the session suggested for study on lipid technology and prepare a project and further suggested to promote use of edible oil having omega -3 and omega 6 fatty acid ration between 5-10. Co-chairman, Dr (Mrs) Shashi Banga suggested that canola oil has the best fatty acid composition.

Session 5 

Genomics and Transgenic
Chairman
:
Dr S.K. Datta, 
DDG (Crop Science), ICAR, New Delhi

Co-chairman

:
Dr R. P. Sharma, Ex-Director, NRCPB, New Delhi
Convener

:
Pankaj Sharma, PAU, Ludhiana

Rapporteur

: 
Dr Dhiraj Singh, Director, DRMR, Bharatpur
Dr. A. K. Pradhan, Professor, CGMCP, Dept. of genetics, University of Delhi delivered the talk on 'translational genomics in target breeding of oilseed brassica'. He highlighted that the efficient trait breeding could be achieved by the use of DNA markers that needs transfer of traits from ill-adapted lines to elite lines by precise marker-assisted introgression. the new achievements in the areas of genomics particularly NGS technology and genome sequencing are going to offer unprecedented opportunities to fulfil some of the impediments particularly saturating the target regions and identification of causal gene(s) underling the trait even in the recalcitrant genome like B. juncea. It was realized that a saturated map of the target regions would be helpful to identify finer recombinants for further elimination of the linkage drag. 

Genomics of abiotic stress thermal tolerance was presented by Dr. Paramjit Khurana, Dept of Plant Molecular Biology, University of Delhi. She mentioned that the tolerance to heat stress is complex phenomenon and controlled y multiple genes. One such gene, achloroplastic small heat shock protein (sHSP26) was found essential for tolerance to heat stress. She mentioned about a program on functional genomics of heat stress initiated to understand the transcriptional profile of sensitive and tolerant cultivars of wheat by substractive based on their putative functions and validated by cDNA macroarray and northern/ RT-PCR analysis. She also suggested the TaHsfA2d may be useful in molecular breeding of crop plants, especially temperate crops, to improve yield under abiotic stress conditions. 

Dr. Nirala ramchiary, School of Life Sciences, JNU, New Delhi delivered a talk on genetics and genomics of vegetable brassicas. He presented structural and functional evolutionary interrelationship between different Brassica genomes besides identifying crucifer building blocks harbuoring the most important QTL/ candidate genes for yield, leaf, quality, disease and insect resistance trait in Brassica genome. He used the conventional genetic analysis, different molecular markers and NGS technology to find out the candidate genes, and genome wide gene specific SNP markers for genomics-assisted precision breeding of Brassicas.
Session 6 

PLENNARY and BRASSICA Challenges Presentation 
Chairman
:
Dr S.K. Datta  



DDG (Crop Science), ICAR, New Delhi

Co-chairman

:
Dr P. R. Verma

Convener

:
Vinod Kumar, P D. Meena and Virender Sardana

Rapporteur

: 
Dr Dhiraj Singh




Director, DRMR, Bharatpur

Valedictory function of conference on Feb 16, 2014 was graced with the renowned biotechnologist Dr. S.K. Datta, DDG (Crop Science), ICAR, New Delhi. He expressed concern over huge import of edible oil and also emphasized upon making the oilseed crop especially rapeseed-mustard more remunerative to capture the area by quoting the example of increase of area under other crops in India. He also pointed out the huge gap between existing potential and realized yield at farmer's field and suggested to fix region wise targets for yield. He pointed out to identify the factors limiting the yield and then use the biotechnical interventions to overcome those factors to enhance the yield. The option of transgenic approach needs to be explored to address the issues of biotic stresses like aphid and weeds.
Society for Rapeseed-Mustard Research, Bharatpur acknowledges the outstanding contributions of the renowned Brassica researchers by confer upon the Life Time Achievement Award to Dr. J B Chowdhury, Ex-Vice Chancellor, GBPUAT, Pantnagar, Dr. Arvind Kumar, DDG (Edn) ICAR, New Delhi and Dr. SJ Kolte, Ex- Professor (Plant Pathology), GBPUAT, Pantnagar. The Society also conferred SRMR Fellowship(s) to Dr. C. Chattopadhyay, NCIPM; Dr. KC Bansal, NBPGR; Dr. SR Bhatt, NRCPB; Dr. Virender Sardana, PAU; Dr. Shashi Banga, PAU; Dr. Sanjay Jambhulkar, BARC; Dr. AS Rathi, CCHAU; Dr. PC Sharma, CSSRI; Dr. DK Yadav, IARI; Dr. KH Singh, DRMR; Dr. Lallu. This year Dr. MJ Barbetti and Dr. AK Pradhan were selected as honourary fellow. Dr Dhiraj Singh, Director, DRMR, Bharatpur honoured with the Dr. P.R. Kumar Outstanding Brassica Scientist Award for his life long contributions in the field of Brassica research and development. Best Ph.D. thesis Award was won by Dr. JK Aneja, AMITY, Noida. The best paper presentation made by Dr. Sandeep Kumar, Sr. Scientist (Biochemistry), NBPGR, New Delhi was selected for the Dr. P.R. Verma Young Scientist Awards. The Conference witnessed About 175 oral and poster presentations from about 200 participants. Many of the presentations witnessed good interactive discussions. The participants were benefitted with the field visit of the experimental farm on 16 Feb 2014 in presence of Prof. Swapan K. Datta, DDG (CS), ICAR, New Delhi.

Annual General Body Meeting of the Society

The Annual General Body Meeting of the Society for Rapeseed-Mustard was also held under the

Chairmanship of Dr. Arvind Kumar, President, SRMR and DDG (Edn), ICAR, New Delhi.  Various issues were discussed and it was decided that Dr. P.R. Verma, Ex-Senior Plant Pathologist, will be the Chief Editor of the Journal of Oilseed Brassica, henceforth. It was also decided that the Annual General Body Meeting of the Society should be held every year, at the time of the Annual Rapeseed-Mustard Research Workers’ Workshop, as is the practice in other crops. The I.C.A.R. may be informed, accordingly.
Major Recommendations
· Development of more productive pure lines and hybrids using biotechnological interventions like precise transfer of genes/ QTL through marker assisted selection (MAS) from one gene pool to other without scarifying the loci involved in higher yields. 

· Effective mechanism of public-private partnership for development of improved hybrids, increasing hybrid adoption rate and generating financial benefits to all stakeholders need to be strengthened.
· Admixturing in Indian, Chinese, Australian genotypes resulted from gene flow in the breeding programme or in the gene bank may helped to establish tentative heterotic gene pools. 
· The mitochondrial genome and transcriptome sequencing of various CMS lines needed to understand the molecular basis of CMS phenotypes.

· Utilization of biochemical, physiological and molecular mechanism to complement the conventional approaches for developing better level of tolerance against different abiotic stresses. 

· In vegetable Brassica breeding, the quality improvement besides size, shape, colour, firmness and appearance, emphasis should be on the breeding of nutraceutical and bioactive compound related varieties/ hybrids for nutritional and marketing advantage. 
· Pathogen sub-specific variation and consequent disease challenges will remain areas of high priority and significant scope for Brassica breeding to develop more effective and durable host resistance.

· Optimizing crop nutrition through precision management could be utilized by the site specific nutrition management principles for future synthesis into decision support tools to help the farmers in the region.

· A saturated map of the target regions would be helpful to identify finer recombinants for further elimination of the linkage drag around the introgressed genes.
· Conventional genetic analysis, different molecular markers and NGS technology shall be used to find out the candidate genes, and genome wide gene specific SNP markers for genomics-assisted precision breeding of Brassicas.
