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 FORWARD

The demand for nutritious food and processed commodities is increasing due to growing population, changing food habits and rising income.  With the tuber crops continue to contribute food nutrition and income generation to large number of people living in tropical and humid tropics of the country.  Demand for food grains would increase from 192 million tonnes in 2000 to 345 million tonnes in 2030 and it is likely to create demand supply gap taking the current growth trends in the food grains supply side.  In order to meet this unfortunate scenario, tuber crops contribute the important link to fit the food security gap and well positioned to accept the challenge through its ambitious research programmes.   Since inception in 1963, CTCRI has contributed enormously to the research and development of tuber crops and is presently an internationally recognized Premier Institution, dedicated solely to tuber crops research. Nearly five decades of research have led to several innovations such as improved varieties, production practices for various agro-ecological zones, integrated pest and disease management packages to alleviate production losses, technologies to reduce post harvest losses and enhance the prospects of utilization in the food, feed and industrial sectors etc.

CTCRI Vision 2030 has been tuned with the ICAR vision 2030 which has been   designed to articulate the strategies to over come the challenges by harmonizing   the power of science and strategic partnership.  The vision of CTCRI focuses on research programmes in view of changing food habits of the people, gap between production and supply, conservation, system sustainability, ever increasing population and climate change.  The vision document is a projected programme of high quality, gender sensitive and result oriented collaborative research through dynamic partnership which will help to address improving food security, nutrition and income generation of large number of marginalized population and bring these group of crops to the forefront of the Indian agriculture.  I congratulate the efforts made by the Director, Dr. S.K. Naskar and the scientists of CTCRI for their contribution with the preparation of this document.

(S. AYYAPPAN)

SECRETARY, DARE & DG, ICAR

PREAMBLE

The Central Tuber Crops Research Institute (CTCRI) was established during the Third Five Year Plan for intensification of research on tuber crops (other than potato).   The Institute started functioning in July 1963 with its headquarters (HQ) at Sreekariyam, Thiruvananthapuram, Kerala in an area of 21.5 ha.  Later, an area of 26.69 ha has been added.  CTCRI has one Regional Centre (RC) at Bhubaneswar functioning in an area of 20 ha.  The All India Coordinated Research Project on Tuber Crops (AICRPTC) was started at CTCRI in 1968 with two Centres at Dholi in Bihar and Coimbatore in Tamil Nadu and has presently 15 Centres in various SAU, besides the CTCRI HQ and RC, Bhubaneswar.   The AICRP TC has a mandate of generating region specific varieties, agro-techniques and production system technologies, integrated pest and disease management and transfer of production enhancing technologies The Institute is also one of the Centres of All India Coordinated Research Project on Post Harvest Technology.  The CTCRI is conducting basic and applied research on various edible tropical tuber crops.  The mandatory crops of the Institute include cassava, sweet potato, yams, aroids and other minor tuber crops.

The CTCRI is the only one of its kind in the world dedicated solely to the research on tropical tuber crops.  Nearly five decades of concerted research have led to the development of several production and processing technologies for root and tuber crops (RTC) besides release of nearly 50 improved varieties. The target group of most of the technologies being small holding and resource poor farmers, adequate emphasis is also given for on farm evaluation and popularisation of the technologies. In addition, several industrial Hi-tech technologies were also developed in the recent past enabling resource generation through consultancies. 

In order to give a holistic approach to cover all the aspects of tuber crops, research programmes are carried out by four divisions namely Crop Improvement, Crop Production, Crop Protection, Crop Utilization and a section of Extension & Social Sciences of the HQ and RC.  The Director looks after the overall administration of the Institute, with the support from the various Research Divisions, Regional Centre, Prioritization, Monitoring and Evaluation (PME) Cell, Administration, Farm Office and Library.  Besides, the Research Advisory Committee (RAC) and Institute Management Committee (IMC) assist in identifying the priority areas for the Institute. 
As agriculture in India is by and large linked to food security, it is necessary to integrate the production systems of various tuber crops. Simultaneously, there is also the necessity to fully tap the potential of tuber crops especially cassava and sweet potato as industrial raw materials.  The effective dissemination of the technological advancements for tuber crops for the industrial and socio-economic upliftment of India can help in a big way to unravel the utilization prospects of these groups of crops for the benefit of mankind and this is the major vision of CTCRI during the coming years.

Tuber crops in general and cassava in particular are well adapted to conditions of drought.  They come up well when the rainfall is 1000-1500 mm. per year.  They can also be cultivated under wide range of soil conditions and their ability to grow under a wide range of agro-climatic situations enhances the scope of extending the cultivation to the non-traditional regions of the country like Maharashtra, Gujarat, Bihar and Karnataka.  The phenomenal growth of cassava in harsh semi arid environments in Tamil Nadu and Andhra Pradesh establishes the strength of cassava crop to sustain in dry environment. Nevertheless, tuber crops in general are labour intensive and require large amount of labour for cultivation.  Reducing the cost of production through less dependence on labour and inputs is necessary to tide over this situation and the extent to which this can be achieved decides the future of these root crops in India. Being vegetatively propagated crops, quality seeds are limiting factors for rapid spread of new varieties and the crop.  Minisett technology for rapid multiplication of planting material for tuber crops is yet to take off in many RTC growing states, stressing the need to create awareness and dissemination about the technology through Govt. machinery and NGOs. 
Presently, there is a loosely knit linkage between the research, extension and clientele system in the case of tuber crops.  There is no well defined Government policy for root and tuber crops development, both at Central or State Government levels except for 2 to 3 States.  On the contrary in countries like Thailand and Indonesia, the major root crop viz., cassava receives adequate development support from Government, both policy and finance wise.
Demand for cassava in the human consumption sector has been declining drastically especially in the traditional cassava consuming state, Kerala in India.  The drastic reduction in consumption is because of increased availability of cereal food grains, increased per capita income and thereby increased standard of living. This creates a situation where future of RTC especially cassava lies in the industrial and livestock sectors. Lack of adequate proteins in cassava tubers is one of the major drawbacks in its use for composite feed manufacture for cattle, poultry, pig and fish. Although, cassava and sweet potato leaves are very high in protein their potential as animal feed have not been properly exploited. Sweet potato, despite being a health food is seldom consumed by urban and elite and factory level processing does not exist presently in India, unlike in China, Japan, Korea and parts of America.  
In order to synchronize production of tuber crops with marketing, it is necessary to open new avenues for its better utilization, under the present context where traditional uses have almost stabilized.  Tuber crops as such provide a vast scope for diversification and value addition and there lies a great opportunity for non-traditional uses of tuber crops in the form of convenience foods, functional foods, biofuels,  starch based innovative products like biofilms, thermofoams  etc. 
The Vision 2030 contemplates the realization of the above objectives to match with the impact projections so that this group of crops could contribute to the energy and nutrient requirement of people living in tropical and humid tropics of India, simultaneously enhancing their socio-economic status.    A greater thrust is needed in policies and programmes which support research, extension and value chain management, besides a concerted effort to bring down the cost of cultivation of tuber crops and expand their utilization spectrum which will help in the sustainable development of these crops in India.
TUBER CROPS SCENARIO

Tropical root crops widely recognized as important food security crops, offer adequate calories and nutrition for around 500 million people of the tropical belt.  Besides food value, the tropical root crops like cassava and sweet potato are of relevance for industrial uses like starch, dextrins, alcohol, high fructose syrup, noodles, sago and liquid glucose.  Cassava and sweet potato account for about 30% of the total production of root crops from the developing countries.  Whilst yams are important crops for the African continent, taro and tannia are of much significance in the food pattern of the people of Fiji, Western Samoa etc.  Minor root crops like elephant foot yam and Chinese potato are highly valued as vegetables, while arrowroot, despite the inherent problems of starch extraction due to the fibrous nature of the tubers, is a much valued root crop for the production of starch.
 In India, cassava is cultivated largely in the Southern peninsular region and the North-eastern States.  Expansion in cultivation to non-traditional States like Maharashtra is taking place at a fast pace to meet the projected demand for starch and bio -ethanol in the next few decades.      Cassava is mainly grown in Kerala, Tamil Nadu, Andhra Pradesh, NEH region etc. over an area of 0.28 m ha with a production of 9.62 m t and having the productivity of 34.37 t ha-1, the highest in the world. Although sweet potato is cultivated in around 0.124 million hectares in India, with a total production of 1.12 million tonnes, its productivity viz., 9.03 t/ha is lower than the world average of 12.65 t/ha (FAOSTAT, 2009). 
Cassava and sweet potato are the most important among the tuber crops and they find extensive use in food, feed and industrial sectors.  Other tubers are grown as vegetable crops in homestead or in semi commercial scale. Sweet potato is largely grown in Orissa, West Bengal, Bihar and Eastern Uttar Pradesh.  Even though yams and aroids are known to be cultivated throughout India, their area and production statistics are not available mainly because they are grown in homesteads or in fragments under mixed and multiple cropping system. Cultivation of elephant foot yam in commercial scale is picking up in Andhra Pradesh, West Bengal, Orissa, Kerala and Tamil Nadu. 
Trends in growth

The Vision Statement to the year 2020 by CGIAR indicates that from a global perspective, potato and yam will be used more in the fresh form.  Cassava, sweet potato and other root crops will find use in future in processed form as food, feed or as starch derived products.  The global projections on the supply and demand of roots and tubers based on the International Model for Policy Analysis of Agricultural Commodities and Trade (IMPACT) prepared by the IFPRI, shows a growth rate of 0.76% per year for cassava in India and 0.44% per year for sweet potato and yam.  This indicates an optimistic future for roots and tubers in India in the coming years. 
The area, production and productivity of cassava in India (Fig. 1) has been showing an increasing trend since 1991 and growing at 0.3, 2.6 and 2.4% respectively and still higher growth rates were recorded during 2001-09 (1.5% in area; 4.6% in production and 3.1% in yield).  However the area and production of sweet potato have been declining at an annual decrease of 0.8% and 0.3% respectively (Fig. 1). However yield of sweet potato showed increasing trend at 0.4% per annum during 1991-2009.
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Fig. 1. Area, Production and Productivity trends of cassava in India
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Fig. 2. Area, Production and Productivity trends of sweet potato in India

It may be noted that cassava is one of the very few crops where the national average yield (34.37 t ha-1) is more than the world average yield of 12.4 t ha-1 by nearly three times. 

Cassava has so far been utilized mainly as fresh food, production of starch and sago, and for glucose syrup.  The change in the food habits of people pushing cassava as a secondary food crop even in the traditional pockets has still further diminished the prospects, unless otherwise it is properly presented to the elite urban and semi-urban consumers in a value added form.  Considering this, it could be estimated that the country may require a minimum of 10 million tonnes of cassava and 2.5 million tonnes of sweet potato in the near future.  Cassava plays an important role in starch and sago manufacture, which are produced from nearly 450 factories in Tamil Nadu and Andhra Pradesh.  The starch and sago production requirement may be more than 3 lakh tonnes in the coming 2015-16.  Realizing the industrial potential of cassava, many entrepreneurs especially as a biofuel source have started establishing cassava starch/sago factories in non-traditional states and also encouraging the farmers to cultivate cassava in these regions. A novel technology for the cost effective production of ethanol from cassava requiring only 48-50h processing time has been perfected recently at CTCRI. 
Sweet potato also holds enormous potential for industrial exploitation and as convenience food and its value as a health food due to its bioactive components like carotenes, anthocyanins, flavonoids etc. positions the crop on the top among the root crops. Besides, its low glycaemic index points to the need to develop functional foods from sweet potato. The projected rise in diabetic population in India to 80 million by 2030 also emphasises the need to develop low glycaemic foods from tuber crops. 

 In the recently established Agri Export Zone (AEZ) in Kerala, cassava and elephant foot yam have been selected as potential crops for export from this Zone especially to meet the demand of ethnic Indian population in Gulf countries, Australia, Canada and Europe.  
 In the North eastern States of India, sweet potato tubers are mainly consumed as vegetable.  Sweet potato is considered as ‘secondary staple’ as it provides a vital nutrition during the lean season for the tribals. Wide population growth, frequent disasters and wide spread malnutrition in Orissa state will provide a new challenge for sweet potato production to combat these factors to achieve food and nutritional security. In the Bihar, Eastern UP and in North East India, improved varieties can bridge the yield gap and increase the income level of the farmers.

Owing to its faster growth and short duration, sweet potato is popular as animal feed in many developing countries. It can yield large quantities of fodder in a shorter time and can withstand mild drought. As a result of erratic climatic changes, the farmers are faced with acute fodder shortage every year. In this context, sweet potato can be tried as a fodder to help the farmers to tide over the high cost of animal rearing. 

Tuber crops are rated as low status food and there is no price support or guaranteed price.  With increasing availability of cereals, the demand for tuber crops, especially cassava has declined to a great extent, resulting in rapid shrinkage of area and at the same time phenomenal increase in the price due to low availability.  As a consequence, utilization of tuber crops as animal feed and industrial processing is not picking up the expected momentum.  Tuber crops have to compete with other starch sources whether for food, feed or industrial use.  It was noted that the price of tuber crops does not make it competitive enough to replace either maize or sorghum which are normally used as carbohydrate source in animal feed rations.  Unless the relative prices are in favour of tuber crops, it will be very difficult to promote sufficient demand for tuber crops to absorb sustained growth in production.  The price factor also plays detrimental to the cassava chips export in which India is not able to compete with Thailand, the largest exporter of chips and animal feed.  However, it may not face problems for value added products of exclusive nature.

With the ending of the phase of subsistence farming, more paying crops are replacing tuber crops in the conventional areas like that in Kerala.  Tuber crops have to compete for land with crops like rubber and coconut which give increasing returns and even marginal lands which are traditionally allotted for tuber crops are now put under more rewarding crops.  In addition, the longer duration nature of tuber crops often acts as a serious constraint fitting these crops in the existing cropping systems.

A major challenge faced by the cassava growers and industrialists alike (in the context of WTO agreement) is the increasing import of starch from countries like Thailand, where the cost of production is less due to cheap labour.  India started facing stiff competition from Thailand in the international trade for cassava starch after liberalization and opening of our markets.  Cheaper Thailand cassava starch started entering Indian starch markets thereby affecting domestic cassava starch industries.

This is likely to lead to an alarming situation, where many of the traditional starch factories will have to be closed down, which will indirectly lead to a further decrease in the cultivated area under cassava and unemployment for many who depend on the industry. Competition from cereal grains is limiting the use of cassava in compound animal feeds, mainly due to the lack of adequate protein in cassava and the cost factor associated with cassava cultivation.
R& D on tuber crops

CTCRI has a wealth of germplasm of tuber crops, totalling to more than 5800. This has formed the basis of all the genetic improvement and variety development programme. The improvement work was exclusively based on conventional breeding programmes. Pioneering role of CTCRI in tropical tuber crops breeding, attracts international collaboration in the breeding and genetic improvement of tuber crops.

CTCRI has released 50 varieties in eight different tropical tuber crops. Each variety has its own unique traits and preferences. The cassava starch and sago production in the country is mostly dependant on two major industrial varieties of cassava released from CTCRI, viz., H 165 and H 226. Further new and improved triploids with high extractable starch content were developed which are under farmers’ participatory selection process in Tamil Nadu. Two of such varieties viz., 4-2 and 5-3 are found to be promising and acceptable to farmers as well as industries and these are in the pre-release stage. Thus apart from the table varieties, the industrial varieties of cassava have made a major impact in adoption and utilization by the farmers.  

The domestic and international training received in the use of Biotechnology in conservation, characterisation and Genetic improvement of tuber crops has contributed to a great extent the development of facilities and formulation of programmes using this advanced technology for the improvement of tuber crops. The Institute presently has very strong programmes in biotechnology which includes the development of diagnostic tools for viral and fungal diseases, transgenic plants for cassava mosaic disease, sweet potato viral diseases etc.  

A host of tuber crops production technologies are available for mono crop, intercrop and multi crop cropping systems which help in enhancing the yield, soil fertility, employment opportunities for farm families and income levels.  Integrated crop protection technologies developed for cassava mosaic disease and sweet potato weevil would help the farming community in extreme eventualities. Besides, technology has been perfected for organic production of yam and elephant foot yam. 
Efforts in crop utilization have paid rich dividends in terms of value addition and diversified technologies suitable for big, small and cottage industries. Many of these technologies are capable of ensuring food and nutritional security to the people of India. Technologies for the industrial sector include the latest products like superabsorbent polymers, graft copolymerized starches, cold water miscible starch, solid adhesives, bioethanol, pasta products etc.   

Aroids especially Elephant Foot yam is gradually gaining importance in different areas like Orissa, Bihar and Uttar Pradesh, Gujarat and north eastern States.  Supply of quality planting material is ensured to farmers of all regions though revolving fund scheme and mega seed project. There exists a good research base in the country to sustain root and tuber crops research and development with CTCRI giving the leadership and AICRPTC to plan and coordinate region specific research and testing of technologies on these crops. 
Technology generation and transfer being closely interlinked with the utilization by the clientele system, stress was also given in the past to study the impact of the technologies. Further, the Institute has established Institute Technology Management Unit (ITMU), organized Scientist- Entrepreneur Interfaces and prepared Techno Economic Feasibility Reports (TEFRs) for the commercializable technologies. 
ABOUT CTCRI
History

The Central Tuber Crops Research Institute (CTCRI), one of the Institutes under the Indian Council of Agricultural Research (ICAR), New Delhi is the only research organization in the World dedicated solely to the research on all tropical tuber crops under one roof. The Institute established in 1963 with its Headquarters at Thiruvananthapuram, the capital city of Kerala State, India has grown over the years into a premier research centre of national and international repute.  
Location

The Headquarters of CTCRI (area 48.19 ha) located at Sreekariyam is 12 km away from Thiruvananthapuram Airport and 10 km from Railway Station & Bus Terminal of Thiruvananthapuram. The location is 500 m south of national highway NH 47. It has a Regional Centre at Bhubaneswar, Orissa established in 1976 with an area of 20 ha located 8 km from Bhubaneswar Airport and 7 km from Bhubaneswar Railway Station and is on the national highway (NH 5). The Regional Centre caters to the research needs of tropical tuber crops of Eastern India.  
Infrastructure

Laboratory buildings 
The Central Tuber Crops Research Institute started functioning in a rented building in the city; and there were no full-fledged laboratories.  The laboratories for Plant Breeding, Pathology and Entomology Departments were established during the IV Five Year Plan in the land provided by the Government of Kerala, in the outskirts of the city in Sreekariyam.  Additional laboratory facilities to accommodate Plant Physiology, Tissue Culture, Biochemistry, Post Harvest Technology, Biological control and Agricultural Chemistry laboratories were established during the VI Plan period.

Over the years of its existence, more  infrastructural facilities like Administrative Block, Storage Entomology Laboratories, Guest House, Field Laboratories, Food Extruder Laboratory, Processing Complex, Workshop, Glass House, Net/Shade house, Staff quarters, etc. have been added.  More recently (IX Plan) the Library – Museum - Conference Hall Complex; and Canteen and Staff Amenities Complex are the additional facilities created at the Headquarters. The functioning of a Bioinformatics Centre was initiated during 2005. Four databases viz., “Crop-tech” giving information on tuber crop varieties, literature database, CTCRI online database and Germplam Infosite were developed. A new ARIS Cell setup was started in 2006 supported with a Server Room and a Power Room and the workstations are connected to network and high speed internet facility. The National Knowledge Network Facility was established in 2010.   
The Regional Centre at Bhubaneswar also has developed all the infrastructural facilities, required, ever since the Government of Orissa provided the required land for the purpose  during the VII Five Year Plan.  This includes a laboratory building (300 sq. m.) which has been expanded to 600 sq.m. with the construction of the first floor in the IX Plan.  The Regional Centre has also been provided with staff quarters, Farm Office Complex and other facilities.

The laboratories both at the Headquarters and the Regional Centre are well equipped with modern instruments/equipment. 

Library

An organized library facility came to existence in1977, with a total of 2311 volumes.  Ever since, the library has registered a phenomenal growth and has a present collection of 17150 books and 3352 reprints.  Besides, 65 journals are subscribed annually, comprising of 60 Indian and 5 foreign journals. 

The library provides reprographic services (started in 1987); in house services like Agri-News, Content Page Service and CTCRI Library News. The library has since been moved to a spacious hall, with all modern facilities in 2001. Digital Library Services and Desktop Services are being provided. IP based access to CeRA is available and Inhouse databases are maintained. Library catalogue has been made online. 

Farm
During the initial stages (IV Plan), the Institute (HQ) had only 21.5 ha land for conducting field trials.  An additional area of 26.69 ha was added during the VII Plan making the total to  48.19 ha at its campus at Thiruvananthapuram.  The Government of Orissa provided 20 ha land for establishing the Regional Centre at Bhubaneswar during the same period.
BUDGET (Rs. In Lakhs)
Main Institute 
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MANPOWER
Manpower

a. Main Institute
	Plan period
	Scientific


	Technical
	Administrative 
	Supporting
	Total 

	VIII   1992-97
	65
	58
	39
	84
	246

	IX  1997-2002
	65
	66
	41
	94
	266

	X   2002-2007 
	49
	48
	36
	68
	201

	XI 2007-2012
	50
	47
	31
	67
	195


b. AICRP TC 
	Plan period
	Scientific


	Technical
	Administrative 
	Supporting
	Total

	VIII   1992-97
	22
	8
	4
	23
	57

	IX  1997-2002
	22
	21
	4
	10
	57

	X   2002-2007 
	22
	21
	4
	10
	57

	XI 2007-2012
	22
	21
	4
	10
	57


VISION 2030

VISION 

Our strategic plans envisage improving lives of the poor for inclusive prosperity in tropical and humid environments.

MISSION
Our mission is to make RTC as part of food security for ever growing population by increasing and securing productivity for income, health and sustainability. 

OBJECTIVES
1. To manage genetic resources effectively for identification of valuable traits for high quality for diverse uses and genes for resistance to biotic and abiotic stresses. 

2. To develop varieties resilient to climatic change and diverse use in food, feed and raw material for industries, human health that can provide better profitability to the farmers and ensure resilient cultivation. 

3. To develop crop production technologies, improve soil, water and nutrient management, study that response to tuber crops to climate risks and intensify tuber crops production 

4. To develop strategies for the health management of plants and seed materials using diagnostic tools and biointensive pest and disease management. 

5. To reduce the post harvest losses in tropical tuber crops and enhance the spectrum of utilization in food, feed and industrial sectors, which will help to improve the nutritional, socio-economic and livelihood security of the people of India. 

6. To enhance the livelihood security of tuber crops farmers and making tuber crops based industries economically competitive 

7. To develop human resources of par excellence, having competence and commitment to take the challenges in tuber crops.
8. To make available quality planting materials of released tuber crops varieties to the farmers and popularize tuber crops that are climate change resilient, so as to promote them as an alternative/ supplementary food crop in times of cereal based food shortage through the various centres of AICRP TC.

FOCUS
The main focuses on researchable areas to accomplish the vision are as under: 

· Development of tuber crops varieties with resistance to diseases and pests, heat, drought and salinity, and having efficient nutrient and water use efficiency and conventional and biotechnological approaches will help to locate the genes of interest, developing climate change resilient varieties etc.

·  Exploring the hitherto less exploited areas of post harvest technology like notechnology, biofuels, biofilms, superabsorbent polymers etc. for tuber crops. 

·  Understanding the social needs of communities for providing better livelihood security and building their capabilities for taking up integrated cultivation and utilization technologies for tuber crops for upgrading their socio-economic status.   
· Market demand driven technologies for meeting the requirements of global demand. 
· Developing value chain for tuber crops and their based products as well as market intelligence networking to reduce the exploitation of RTC farmers. 
· Promoting organic cultivation in tropical tuber crops for reducing the dependence on chemicals in pests and disease management as well as for fertilizers. 

· Byproduct utilization of agricultural residues and residues from starch factories for value addition. 

HARNESSING SCIENCE

The demand for food and processed commodities is increasing due to growing population and rising per capita income.  There are projections that demand for food grains would increase from 192 million tonnes in 2000 to 345 million tonnes in 2030. In order to meet this unfortunate scenario, tuber crops constitute the important link to fit the food security gap and they can accept the challenge. Further, it is a matter of solace that studies conducted in CTCRI have given indications that tuber crops like cassava and sweet potato could withstand rise in temperature and  yield was not much affected relatively to other crops even with temperature rise. Tuber crops like sweet potato have proved time and again their ability to act as food security crops especially during the natural disasters like super cyclone, Tsunami etc. to the affected population. The impact projections suggest that these crops contribute energy and nutrient requirement of people living in tropical and humid tropics of India.    To make this reality, a greater thrust is needed in policies and programmes which support research, extension and value chain management.
Vitamin A deficiency in children and tribal rural population of India is in alarming proportion.  As an alternative to combat this problem, there is a big scope for orange coloured sweet potato to be popularized among children of rural and tribal population as snack food and increase the area under orange coloured sweet potato. Further intensification of research will help to develop these as therapeutic/prophylactic foods for lifestyle diseases like diabetes, cancer, cardiovascular problems and as nutritious food for noon-meal programme of school children. .

Demand for cassava in the human consumption sector has been declining drastically especially in the traditional cassava consuming state, Kerala in India.  The drastic reduction in consumption is because of increased availability of cereal food grains, increased per capita income and thereby increased standard of living. This creates a situation where future of RTC especially cassava lies in the industrial and livestock sectors.

Area under sweet potato has been declining continuously owing to lack of commercial exploitation of the crop.  Till today, sweet potato is grown for consuming as vegetable only and the same is the case with yams and aroids also. This has also led to an increase in the market price of these crops, which ultimately affects the production cost of all value added products, including alcohol.  

As the global demand projections indicate an increasing use of tubers for making processed products, developing extruded food products, snack foods etc. may have a long standing future.  Broadening the spectrum of utilization of tuber starch in native or modified form to pharmaceutical sector as filler in tablets or for capsule making and to food industry for making microbe based polysaccharides, colourants or commercial enzymes, can augment the domestic demand.  The depleting fuel resource-led rise in the global petroleum prices coupled with the unrest in the oil producing nations of the world may lead to a situation, where India may have to depend on domestic production of non-conventional sources of fuel. In this context, the production of alcohol from root crops like cassava and sweet potato may become an increasing necessity for India.  The technology patented from CTCRI in 1980’s has been modified using novel enzymes making it cost effective by reducing the energy requirement, and processing time as well as by improving the ethanol yields. Nevertheless, there exists lot of scope to upscale the new technology as well as explore the potential of agroindustrial residues from tuber crops for sustainable waste management by converting them to value added products.

The various research programmes of CTCRI envisaged for the growth and development of tuber crops cultivation and utilization will be implemented through intensive research, linkages through networking programmes of ICAR with sister Institutions, State Agricultural/Horticultural Universities, ATMA, KVKs, development departments etc. Sharing of research inputs and infrastructural facilities between organizations is expected to achieve the targets outlined in the RFD in a time-frame manner and also will help to reinforce financial austerity by avoiding duplication in research and sophisticated equipment. It is also proposed to have international linkages with CIP, CIRAD, IITA, CIAT, etc. through collaborative programmes, which are mutually beneficial and which will ensure adequate capacity building of the scientists in frontier areas of research. Global competitiveness of tropical tuber crops could be enhanced through such international collaborative research. Whilst the location specific research on tuber crops being carried out by the All India Co-ordinated Research Project on Tropical Tuber Crops will continue to be an effective tool for wide scale testing, refining and dissemination of the technological knowhow developed at CTCRI, emphasis will be given to the networking programmes likely to come up like nano-technology, tools and machinery, quality planting material production, disease and pest diagnostics, transgenics, secondary agriculture etc. Public private partnership (PPP) mode as envisaged by ICAR shall be considered  as an easy vehicle for the effective commercialization of technologies.  

STRATEGY AND FRAMEWORK
 Tuber crops are the third important food crops of man, after cereals and legumes and are either a staple or subsidiary food for about one- fifth of the world population. Tropical tuber crops possess high photosynthetic efficiency, tolerance to biotic and abiotic stresses and ability to grow and yield tubers under low or marginal management. They play a major role in the socio- economic condition of the small and marginal farmers of India, in terms of food and nutritional security. Because of the high starch content of most tuber crops, they have been generally recognized as ‘calorie density’ crops.  The edible energy production in terms of megajoules/ha/day comes to 152 for sweet potato, 121 for cassava and 182 for yams and they are quite comparable with that of rice (121), wheat (135) or maize (159).  Among the tropical tuber crops, cassava and sweet potato are the most important in India due to the large acreage and diversity of use. However, their cost of cultivation is presently very high in most of the cultivating regions, making the prospects dim in the years to come, warranting techniques to bring down the cost of cultivation. Rapid urbanization and changing life style of the people of India also necessitates transformation of tuber crops into processed food products having better consumer appeal and diversity. The comparative advantage of tuber crops for resisting climatic variations coupled their amenability to processing and the health attributes of certain tuber crops like high antioxidant activity, low glycaemic nature of sweet potato etc. have to be exploited through intense research, which will help sustain these crops.
Genetic enhancement in tuber crops

Developing high starch tuber crops varieties for industrial use and high carotene lines in cassava for nutrient enhancement in rural areas    
Developing climate resilient varieties, to stand the vagaries of nature and varieties for specific end uses.

Resistance breeding against biotic and abiotic stresses tuber crops.

Improvement of starch quantity and quality in Cassava through biotechnological interventions
Plant Health Management strategies

Ensuring the availability of adequate quantity of good quality planting materials particularly in periods of natural calamities

Developing suitable tuber crops based cropping systems to sustain maximum production under different agroclimatic conditions for ensuring food security and steady income

Strengthening basic research on crop response, soil nutrient, water management against climate change and intensify production through organic and precision farming

Evaluation and identification of varieties for high photosynthetic and nutrient efficiency and abiotic stress tolerance
 Bio-intensive pest and disease management

 Development of molecular taxonomy for the authentication of biotype emergence and development of transgenic plants expressing resistance to viral infection
Adding value to tuber crops
Developing functional health foods from tuber crops for therapeutic and prophylactic applications   
Developing cereal grain type extruded product from cassava and sweet potato especially for introduction to the noon meal programme for school children and to the poverty-stricken population.

Starch modification for industrial applications for ethanol production  from cassava and sweet potato and their processing waste, starch based biofilms and thermofoams, nano-composites for slow release drug delivery etc. and microbial production of value added products  
Development of bio-colorants and nutraceuticals using super critical extraction, encapsulation etc.

Pre and Post-harvest mechanization to reduce the cost of cultivation and processing
Byproduct utilization of agricultural and processing residues for animal feed  and other value added products 

Transfer of Technology and Socio-economic  programmes 
Technology transfer, commercialization and utilization by clientele system

Market intelligence studies and market demand assessment for tropical tuber crops

International Trade Studies

Development of information and communication materials on tuber crops

Programme for the development of North-eastern region comprising establishment of seed villages for production of quality planting material of tuber crops, introduction of β-carotene rich sweet potato varieties in the region for nutritional security, introduction and popularization of cassava and sweet potato as food security crops, commercialization and value addition of tuber crops, popularization of sweet potato vines as animal feed and popularization of tuber crops as raw material for industry.
EPILOGUE

The adaptability of tuber crops  to marginal environments, their contribution to household food security as well as flexibility in mixed farming systems  make them a important components of a targeted strategy for improving the welfare of the rural poor and linking smallholder farmers to markets. Nevertheless, continuous generation and diffusion of improved production and postharvest technology is essential for achieving this.  Successful involvement of the public and private sectors that make substantial investments in agricultural research, coupled with greater adoption of the technologies generated by CTCRI are essential to sustain these underground and climate resilient crops in India. The cassava processing industries are facing threat from import of starch from countries like Thailand or Indonesia, due to the high domestic production cost.  Mechanization of cassava cultivation, expansion to non-traditional areas, introduction low input technologies, high quality disease free planting material availability diversification to globally competitive products etc. are factors that decide on the fate of the industry in India. The highly buoyant nature of exports due to the irregular demand for products like cassava starch, chips, flour etc. coupled with lack of globally competitive high quality export-oriented products pose a hindrance to the future of cassava in India.  It is therefore necessary to bring in big players into the cassava processing activity and co-ordinate with organizations like APEDA to expand the scope for making cassava, a foreign exchange earner for India. This also would require some of the problems like cassava mosaic disease, sweet potato weevil menace, poor shelf life of tubers, taro leaf blight, lack of diversified products from tuber crops other than cassava etc. to be addressed in a phased manner Sustainable management of agricultural and processing residues is another major issue warranting efforts on their appropriate value addition. The constraints associated with the cultivation of sweet potato like the instability in tuberization, poor yield due to weevil attack, seasonal influence in tuberization etc. have to be addressed to raise its productivity to match with the world average or exceed it. Appropriate policies are needed to ensure that the environmentally sound production of a diversified range of high-quality, competitive root and tuber products for food, feed, and industry will help eradicate poverty, assure access to adequate food, and improve incomes. The research focus and programmes of CTCRI  will be oriented towards these goals in the two decades ahead so that the resource poor farmers, rural and tribal people of India consider this group of crops  a boon, ensuring socio-economic security beyond food security. 

ANNEXURE
Strategic framework
	Goal
	Approach
	Performance measure

	Developing high starch tuber crops varieties for industrial use
	Making character specific collections of Exotic germplasm, Locating resistance source and evolving high yielding and disease resistant lines through selection, mutation, polyploidy breeding and biotechnological methods for tuber crops improvement.

	1. Development of cassava varieties with improved and altered starch quality traits (amylose – amylopectin ratio) suited to value added product development for secondary agriculture.

2. Production of CMD resistant triploids having higher starch for increasing industrial raw material production.

3. Developing high starch sweet potato varieties which possess >25% starch for future (starch) industrial use and product development 

4. Screening varieties for β-amylase activity and pectin

5.  Screening high starch varieties for high content of  secondary plant principles of commercial importance

	Developing appropriate varieties for specific end uses
	Making character specific collections of Exotic germplasm and characterization of germplasm for identification of QTLs.  

	1. Selection of varieties for chip making quality, including good tuber shape for mechanical chipping

2. Varieties with high leaf yield and high leaf protein content, suitable for cattle feed, pig feed, pet animal feed, silkworm feed etc.

3. Development of high carotene orange-fleshed sweet potato varieties and anthocyanin rich purple-fleshed sweet potato and yam varieties for extraction of  natural colouring agents


	Resistance breeding against biotic and abiotic stresses in tuber crops
	Marker assisted selection, pyramiding of genes, identification of molecular markers etc.
	1. Pyramiding of genes for Cassava mosaic disease resistance for the development of high yielding, high starch hybrids with durable CMD resistance.

2. Breeding programmes employing marker assisted selection for CMD resistance and drought resistance and herbicide resistance. 

3. Early maturing varieties to evade drought and to cop up with global warming

4. Development of yam varieties having tolerance to biotic stresses: Anthracnose resistance in greater yam and nematode resistance in white yam.

5. Identification of molecular markers associated with leaf blight in taro, collar rot, SPW and virus diseases in Amorphophallus and sweet potato  and marker assisted selection in breeding.

	Precision farming for water and nutrient efficiency
	Site specific nutrient management and better water and nutrient use efficiency approaches. 
	1. SSNM technologies for different tuber crops

2. Fertigation studies in tuber crops

3. Development of nutrient decision support systems for tuber crops

	Organic farming for conservation of  soil health and environment safety
	Evolving organic farming technologies with better nutrient availability and conservation. 
	1. Perfecting Organic farming practices for Amorphophallus, Yams, Cassava and Sweet potato.

	Soil Conservation in tuber crops growing systems
	Studying the soil carbon sequestration capacity of tuber crops and introducing its better water conservation techniques. 
	1. Developing integrated approach on soil carbon sequestration for sustainable management of soil quality.

2. Increasing the use efficiency of soil water and nutrients and/or fertilizer for better soil health and increased production

	Production of quality planting material in tuber crops   
	Targeting the production levels by propagating and distributing quality planting materials of improved varieties for effective spread
	Large scale production of planting material by minisett, micro tuber and micro propagation techniques.  

	Pre-harvest mechanization
	Reducing the cost of cultivation of tuber crops through the development of efficient pre-harvest machinery. 
	1. Designing, fabrication and field testing suitable machineries for inter-culturing and harvesting.

	Disease diagnostic kit development
	Development of diagnostic tool for major diseases. 
	1.  Survey and surveillance of pests and diseases of tropical tuber crops in India.

2. Production of large quantities of Polyclonal antibodies for detecting virus and fungal diseases for cost effective, easy and sensitive diagnostic kit for indexing the planting materials in tuber crops. 

	Biological control for pests and diseases
	Biointensive management of pests and disease through newer approaches like elicitor induced resistance, biological control agents etc.  
	1. Large scale multiplication  and delivery of bio control agents 

2. Exploitation of bioactive molecules  for disease management

3. Utilization of parasitoids and pathogens in combination with sex pheromones for sweet potato weevil management 

4. Induction of resistance using elicitors and utilizing toxic metabolites of pathogens for resistance.

5. Utilization of natural  enemies to control cassava whitefly, cassava spiraling white fly, and storage pests

6. Management of insect pests using entomopathogenic nematodes

	Biopesticide from tropical tuber crops
	Developing biopesticides from tuber crops and other plant species and subsequent studies on major pests. 
	1. Formulation of the biopesticide extracted from cassava and yam bean with other plant products. 

2. Identification of active ingredient in the biopesticides developed from cassava for commercial exploitation. 

3. Compatibility study of the biopesticides with synthetic insecticides.

4. Exploration study on the utility of the biopesticides against other field and stored-product insect pests, 

5. Residue analysis and Mammalian toxicity.

	Biofuels from cassava and sweet potato and starch modification for innovative industrial products
	Evolving low cost processing technology for bioethanol, starch based novel products etc. 
	1. Exploiting the potential of tuber crops like cassava and sweet potato and their processing waste for ethanol production.

2. Starch based biofilms and thermofoams (as cushioning material) for packaging  applications, starch based nano composites for slow release drug delivery, tablet and capsule making (pharmaceutical application) and for slow release delivery of pesticides and fertilizers (agricultural application).

3. Microbial production of value added products like commodity chemicals (Citric acid, fumaric acid, lactic acid, acetic acid etc.), natural pigments (microbial colorants), flavor chemicals, yeast, commercially important enzymes, carotenes, microbial polysaccharides etc.

	Development of bio-colorants and nutraceuticals
	Developing technology package for value added bioactive principles, functional foods etc.  
	1. Supercritical extraction technology for  biocolorants from anthocyanin rich accessions of sweet potato and yams

2. Encapsulation of bioactive principles and colourants from tuber crops using spray drying technology. 

3. Studies on their health promoting as well as therapeutic and pharmacological uses

4. Developing functional health foods from tuber crops for therapeutic and prophylactic applications    

5. Developing cereal grain type extruded product from cassava and sweet potato especially for introduction to the noon meal programme for school children and to the poverty-stricken population.

6. Developing other extruded and nutritionally fortified snack food products

7. Instant weaning food mixes for infants from sweet potato 

	Post-harvest mechanization
	Cost effective and low energy consuming machinery for processing. 
	1. Development of appropriate processing machinery for tuber crops.

	Animal feed from tuber crops and their processing residues


	Integrating tuber crops residues and byproducts in animal feeding systems. 
	1. Use of cassava and sweet potato tubers and their stems and vines respectively as animal feed

2. Use of cassava and sweet potato leaf protein concentrate as fish feed

	Value chain development
	Developing value chain for tuber crop products. 
	1. Developing business models for value added products for commercialisation.

2. Supply chain management for small holder Root and Tuber Crops farmers from “Farm to Plate.”

3. Developing market intelligence networks for tuber crops.



	Transfer of technology in tuber crops
	Commercializing the tuber crops production and utilization technologies among various clientele systems through machinery like ITMU, promotion of Public Private Partnership research, feasibility studies etc.
	1. Validation and refinement of production and processing technologies.

2. Development of seed villages for large scale quality planting material production. 

3. Application of “Farmer Business School approach”.

4. Developing different web based user friendly modules for effective transfer and utilization of technologies.   

	Tuber Crops development for North Eastern Region
	Integrated production and processing technologies for the development of the NEH region. 
	1. Identification of appropriate varieties and technologies suited to NEH region for food, feed and industry and their transfer to end users.

2. Commercialization and value addition of tuber crops

3. Community based production of quality planting material of tuber crops.

	Information management
	Interactive information system and computational biology. 
	1. Development of interactive information system.

2. Development and validation of crop growth models.

3. Computational Biology.


1

