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Tuber crops are the third most important food crop after cerealsand grain legumes. It has special niche in tribal food system. Themost important tuber crops are sweet potato (Ipomoea batatas),greater yam (Dioscorea alata), taro (Colocasia esculenta), elephantfoot yam (Amorphophallus paeoniifolius), cassava (Manihot
esculenta), yam bean (Pachyrhizus erosus) and arrowroot(Maranta arundinacea) etc. During 2022-2024, the RegionalStat ion of ICAR-CTCRI, Bhubaneswar under Tribal Sub-Plan (TSP),demonstrated tuber crops technologies in 750 tribal farmers fields.Under TSP, the Centre has distributed 20000 kg quality plantingmaterials of greater yam tubers, 16500 kg elephant foot yamcorms, 9400 kg taro cormels, 500 kg yam bean seeds, 30.0 lakhsweet potato vine cuttings and 18000 stems (90000 sett) ofcassava free of cost to the tribal farmers. Under this project,backyard poultry 5420 numbers were also distributed to the tribalfarmers for improving their livelihood. Seeds of cereals maize (50kg) and vegetables seed (450 kits and 125 kg) were also distributedto include in their farming system to achieve food and nutrit ionalsecurity. Farmers have contributed rice (548 kg), ragi (110 kg)and maize (60 kg) for farming system demonstrations. During theyear 2022-24, a total of 136.66 ha was covered with tuber cropsdemonstrations. High yielding varieties of tuber crops weredemonstrated in 63.66 ha whereas tuber crops based-farmingsystems were demonstrated in 73.0 ha.Dr. M. Nedunchezhiyan, Principal Scientist of the RegionalStation of ICAR-CTCRI, Bhubaneswar successfully led the TSPproject for the past two years (2022-23 and 2023-24) and otherscientists supported him to spread tuber crops technologies intribal areas of Odisha and Andhra Pradesh. In this publication,two years (2022-23 and 2023-24) of demonstrations are given.The results of the TSP project indicated that sufficient tubers,cereals, millets, vegetables, meat, eggs etc. were made available forhousehold consumption as well as sell ing for cash income withthe inclusion of tuber crops in their cropping and farming systems.Thus, the outcome of the project clearly indicated that food andnutrit ion security and livelihood of tribal farmers improved in theproject sites.The information given in this publication is very useful tostudents, researchers and pol icy makers. I congratulateDr. M. Nedunchezhiyan and his team for their sincere efforts inbringing out this highly useful publication.
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Hills and plateau in Odisha and adjacent Andhra Pradesh are thedwelling places for the tribal people. In these remote, inaccessibledisadvantaged locations tribals live their difficult life. They containtheir life with available resources in their vicinity. Tribal agricultureis traditional and they cultivate cereals and millets.  Though they havespecial niche for tubers but prefer to collect them from near by forestareas. Very few tribal farmers cultivate sweet potato and arrowroot.The Regional Station of ICAR-CTCRI, Bhubaneswar has developednutrit ionally rich high yielding varieties of tuber crops which aresuitable for tribal farming. Under 'Tribal Sub-Plan' (TSP), the RegionalStation has popularized tuber crops technologies to tribal regions ofOdisha and Andhra Pradesh to improve the livelihood of tribalfarmers during 2022-2024. During this period, the Regional Stationhas given quality planting materials of tuber crops, vegetable seeds,poultry birds etc. free of cost to the tribal farmers and demonstratedthe improved technologies for higher yield and nutrit ion. ThroughTSP, 750 tribal farmers were benefited. Tribal farmers were trainedon scientific method of tuber crops cultivation by imparting trainingand exposure visits. Tribal youths and progressive farmers were alsotrained on processing and value addition of tuber crops at villagelevel as well as at the 'Techno Incubation Centre', Regional Centre ofICAR-CTCRI, Bhubaneswar, Odisha.Scientists from ICAR-CTCRI, OUAT and officials ofDirectorate of Horticulture visited tribal farmers' fields andimparted training. This project was ably supported by then directorof ICAR-CTCRI, Thiruvananthapuram Dr. M.N. Sheela as well aspresent director Dr. G. Byju.NGOs PRASTUTEE and SOVA and KVK (OUAT) in Koraput,ORRISSA in Kandhamal, PREM, KVK (OUAT) and Directorate ofHorticulture in Gajapati in Odisha, CWS in Rayagada district, KVK(OUAT), Baripada, MayurBhanj district and Utkalika Samiti in Jajpurhelped in this project for conducting tuber crops demonstrationsand training programmes.In this publication, details of technologies demonstrated,input supply, training, yield of tuber crops and returns from locationspecific tuber crops-based farming systems and success storieswere provided.  Under TSP project, the income of the tribal farmeris doubled with the inclusion of tuber crops in cropping/farmingsystem and has sufficient food for household consumption. Thus,food and nutrition security and live lihood improvement areachieved through tuber crops technologies.
(M. Nedunchezhiyan)

Principal Scientist
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1. IntroductionTropical tuber crops are rich in carbohydrate and are a cheap source of energy. Peopleliving in in-accessible areas and disadvantaged locations mostly depend on tuber crops bygathering and cultivating. Tuber crops find special niche in tribal food habits. They playcrucial role in food and nutritional security of the tribals. Sweet potato, cassava, yams, taro,elephant foot yam, arrowroot, yam bean etc. are coomonly cultivated and some-timescollected from forest in tribal areas of Odisha (Nedunchezhiyan et al., 2018a). The yield oftuber crops in the present production systems is very low especially sweet potato is <10.0t/ha. Tuber crops are able to grow in different agro-climatic conditions and fit very wellwith different cropping systems and home stead gardens for year-round production(Nedunchezhiyan and Sahoo, 2019). No systematic effort was undertaken to improve theefficiency of these production systems by careful application of improved tuber cropstechnologies. Further, tuber crops are the main sources of energy and nutrients (fibre,calcium, iron and vitamins) and have health benefits such as antioxidative, hypoglycemic,hypocholesterolemia, antimicrobial, and immunomodulatory (Bansode et al., 2021). Anumber of bioactive constituents such as phenolic compounds, saponins, bioactive proteins,glycoalkaloids, and phytic acids are rich in various tuber crops (Nedunchezhiyan et al.,2018b and Nedunchezhiyan et al., 2023). The Regional Centre of ICAR-CTCRI, Bhubaneswarhas released vitamin-A rich sweet potato variety Bhu Sona (beta-carotene 14 mg per 100 gfresh tuber) and anthocyanin rich sweet potato variety Bhu Krishna (95 mg per 100 gfresh tuber). Tuber crops supply up to 24% of the energy required. These undergroundtreasures offer tremendous opportunity for entrepreneurial initiative, employmentgeneration and income from wide range of value-added products as food, feed, bio-fuel,pharmaceuticals, nutraceuticals and industrial starches, etc. Hence, the envisaged‘Livelihood improvement of tribal farmers programme’ would focus more on outreachprogrammes complemented with need-based research modules which would be donethrough support of seed materials development and distribution, knowledge dissemination,production and processing linkage, capacity building and entrepreneurship development.
1.1. ObjectivesThe primary objective is to enhance livelihood security of tribal farmers by carefulapplication of improved tuber crop production and processing technologies. The specificobjectives are1. Assessing existing level of awareness and utilization of tuber crops2. Identifying and demonstrating appropriate tuber crops technologies3. Capacity building of tribal farmers in tuber crops4. Establishing tuber crops value addition Centres in potential areasAssessing the impact of tuber crops technology interventions on food security,nutritional security and livelihoods of the tribal beneficiaries.
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1.2. Conceptual framework
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2. Locations
2.1. OdishaOdisha is an eastern state of India comprised of hills and plateau, and coastal plainregions (Photo 1). Odisha has a geographical area of 1,55,707 sq. kms with a population of4.19 crores. Agriculture is the main stay of state’s economy and providing livelihood supportto a large section of rural population. The total cultivated land of the state is 61.80 lakh haout of which 29.14 lakh ha (47%) is high land 17.55 lakh ha (28%) medium land and 15.11lakh ha (25%) low land. About 84 per cent of the farmers are small and marginal and havelimited access to resources. As per Agricultural Census-2010-11, the number of operationalholdings of the state is 46.67 lakh with operational area 48.52 lakh ha.The climate of the state is tropical, characterized by high temperature, high humidity,medium to high rainfall, short and mild winter. The normal rainfall in the state is 1451 mm,of which about 80% is confined to monsoon months (June-September). The state is dividedinto 10 agro-climatic zones, viz., North-western plateau, North-central Plateau, North-Eastern coastal plain, East and South-Eastern coastal plain, North-Eastern Ghat, EasternGhat high land, South-Eastern Ghat, Western undulating zone, West Central table land andMid-Central table land. Soil types ranged from fertile alluvial deltaic soils in coastal plains,mixed red and black soils in Central tableland, red and yellow soils with low fertility inNorthern Plateau to red, black & brown forest soils in Eastern Ghat region. Soils are mainlyacidic with the degree of acidity varying widely.Agriculture in the state is characterized by low productivity due to traditional agriculturepractices by poor people, inadequate irrigation infrastructure, skewed land distribution, smallsize holding, low investment and capital formation and natural calamities like cyclone, floodand drought occurring in quick succession. Rice is the most important food crop of Odisha.Nearly 70% of the state’s population directly or indirectly depends upon rice cultivation. It isgrown in an area of 41.8 lakh ha withproductivity of 1821 kg/ha (rice) during2013-14. Pulses are the second mostimportant group of crops next to cereals inOdisha. Maize, ragi, root and tuber crops arethe other major food crops grown in the state.The most important tuber cropscommonly cultivated in Odisha in the orderof importance are sweet potato (Ipomoea
batatas), greater yam (Dioscorea alata), taro(Colocasia esculenta), elephant foot yam Photo 1. Odisha state
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2.1.1. Koraput districtKoraput district is in southern Odisha, with headquarters at Koraput. The district islocated in the eastern ghats and is known for its hilly terrain, rich and diverse types of mineraldeposits and its tribal culture and traditions. Koraput district is located between 18013' and19010' North Latitudes and 8205' and 83023' East Longitudes (Photo 2). Koraput comes underthe 'Eastern Ghat Highland Agro climatic Zone'. It is composed of two separate plateaus at anaverage elevation of 3000 and 2000 feet respectively which are separated from each otherand the surrounding plains by a ring of hills. Most of the hills have been denuded of forestsdue to generations of shifting cultivation. The rainfall averages approximately 160 cm andfalls in the monsoon months of June-September. Most of the land is given over to the cultivationof rice, ragi and flax. The district overall has a warm and humid type of climate, thoughsignificantly more pleasant than the rest of Odisha. Mean maximum summer temperature is34.1 0C and mean minimum winter temperature is 10.40C. The temperature on the 3000 feetplateau is often much lower and can approach close to freezing during peak winter at certainplaces.According to the 2011 census, Koraput district has 50.60% Scheduled Tribespopulation. The district has one of the highest tribal populations in Odisha and is a Scheduled

(Amorphophallus paeoniifolius), cassava (Manihot esculenta), yam bean (Pachyrhizus
erosus) and arrowroot (Maranta arundinacea). Sweet potato is grown in 43460 ha withthe production of 410100 tonnes (NHB, 2013). The productivity is 9436 kg/ha. Cassava iscultivated in 60 ha with the production of 990 tonnes (NHB, 2013). The productivity is16500 kg/ha.

Photo 2. Koraput district

District under the Constitution of India. Thisprohibits sale and purchase of tribal land bynon-tribals. As many as 51 different tribeshave been noted in the undivided district.The largest tribe in the current district arethe Parojas. The second largest communityare the Khonds, who mainly live in theeastern mountains and have a population of2 lakhs. Other major communities includethe Bhottada, Gadaba and Bhumia.The district's economy mainly depends on agriculture and which mainly depends onrainfall. The rainfall depends on South-West monsoon. Out of total cropping area of 296000ha in Koraput, irrigation potential in kharif is 30.71% and in rabi is 21.51%. During kharif,rice, maize, millets, sweet potato, greater yam, colocasia, cassava, arrowroot, ginger, turmeric
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etc are grown widely. Generally, crops grown during rabi like rice, wheat, maize, ragi, mung,biri, groundnut, mustard, field pea, sunflower etc. needs assured irrigation. Jeypore tract ofthe Koraput district is known as one of the centres of origin of rice. The people of Koraputdistrict, notably the adivasis have generated and conserved many indigenous cultivars ofrice that are suitable for both dryland and wetland cultivation. The Food and AgriculturalOrganisation (FAO) in 2012 recognised the service of the communities of Koraput inensuring food security by declaring the Koraput district as a 'Global Agricultural HeritageSite'.

Photo 3. Rayagada district

2.1.3. Kandhamal districtKandhamal district lies between 19034' and 20036' North Latitude and 83034' and84034' East Longitude (Photo 4). Kandhamal experiences sub tropical hot and dry climatein summer. Dry and cold climate in winter. The maximum temperature recorded in thedistrict is 45.50C and minimum temperature is 2.00C. The average annual rainfall recordedis 1522.95 mm. The Kandhamal district covering a geographical area of 7654 sq kms isbounded by Boudh district in the North, by Rayagada and Gajapati districts in the South, byGanjam and Nayagarh districts in the East and Kalahandi District in the West.Physiographically, the entire district lies in high altitude zone with inter spreadinginaccessible terrain of hilly ranges and narrow valley tracts, which guides the socio-economicconditions of people and development of the district. Almost 66 percent of the land area ofthe District is covered with dense forests and towering mountains rich in green meadowsat the attitude of 2000 feet to 3000 feet. According to the 2011 census Kandhamal districthas a population of 7,33,110 in which 53.58% Schedule Tribes. A majority of the inhabitantsbelong to the Kondh tribe.

2.1.2. Rayagada districtRayagada district is a district insouthern Odisha. It is located between 19010'and 19017' North Latitudes and 83 025' and83042' East Longitudes (Photo 3). Thealtitude is 687 feet above mean sea level. Itspopulation consists mainly of tribes,primarily the Khonds and the Soras.Rayagada district has a population of 967911(2011 Census of India), in which 57.52%Shedule Tribes. Agriculture is the chief sourceof income, and paddy, wheat, ragi, green andblack gram, groundnut, sweet potato andmaize are the district's major crops.
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activities apart from rice. Mango, mahula (mahua), Indian gooseberry (amla), kendu,meswak and jackfruit are also found in abundance in the wilderness. Bamboo andThysanolaena (broom grass) are collected from the forests of Kandhamal and used or sold.A special pulse known as kandula is native to this district; the Kondh people mostly cultivateit in the hilly forests. The organic turmeric cultivated in this district is popularly known as'Kandhamal Haladi' and is renowned for its purity. An organization called Kasam promotesturmeric cultivation in the district. In some areas ginger is also cultivated along withturmeric.

Photo 4. Kandhamal district

The soil in the district is mostly redlaterite group, having low organic mattercontent. As such, the water holdingcapacity is very low. The pH value of thesoil varies 5.3 to 6.5, which is acidic innature. The important crops grown in thedistrict during kharif season is rice,maize and niger. During rabi, in irrigatedareas, crops like potato, vegetable andmustard are grown. Rice is the primarystaple food and crop of Kandhamaldistrict. In recent years residents havefocused on horticulture, sericulture,floriculture and other agricultural

2.1.4. Gajapati districtGajapati district is a district ofOdisha State. It located at the South-eastof Odisha between Longitude 84032'Eand 83 047'E and Latitude 18044'N and19 039'N (Photo 5). The MahendratanayaRiver flows through it. The districtborders with Andhra Pradesh in theSouth, district of Rayagada to the West,district of Ganjam to the East and districtof Kandhamala to the North. Accordingto the 2023 census, Gajapati district hasa population of 8,03,166 in whichScheduled Tribes make up 54.29%. Photo 5. Gajapati district
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The district is located on a hilly terrain of Eastern Ghats. The cl imate is subtropicalwith high humidity. The summer season is between March and mid-June and is extremelyhot with the temperature reaching 460C. The winter season is mild and temperature canfall lowest to 90C November to February. The rainy season lasts between mid-June andmid-October and it receives approximately 1403 mm of rainfall primarily from the South-West monsoon. The soil and climate are suitable for plantation of crops and there is a greatpotential of horticulture development in the district. More than 60% of lands are situatedin hilly terrain and high lands. Those are mainly suitable for horticulture. Other cultivableland is coming under medium lands (20%) and low lands (15%) category. Gajapati districtgains a large amount of its revenue through the agricultural sector. Also, agro-processingand horticulture industries add to the economic wealth of this region. Economy of Gajapatidistrict is agrarian in character. Except a few agro-processing units, there is no majorindustry in the district.
2.1.5. Jajpur districtJajpur district is located in eastern Odisha. The district located in between 20030'and 21?010' North Latitude and 85040' to 86044' East Longitude (Photo 6). The district'saverage height from the sea level is 331 m. The district covering an area of 2887.69 sq kmis moderately populated having total population of 18,26,275 as per 2011 census. ScheduledCastes and Scheduled Tribes made up 23.72% and 8.29% of the population respectively.The district is located on the Odisha coastal plain, with the southern part lying in theMahanadi River Delta. To the north there are some small discontinuous hill ranges. Someof the major rivers in the district are the Brahmani and Baitarani on the eastern edge.

Photo 6. Jajpur district

The climate ofJajpur district issubtropical with highhumidity. Its average rainfall is 1014.5 mm. Theaverage maximum andminimum temperaturesare 380C and 12 0Crespectively. Economy ofthe district is agrarian innature. Agriculture andmining play dominant rolein the economy of thedistrict. Jajpur district is
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having the third best conditions for sustainable development in agriculture followed byBargarh and Jagatsinghpur districts. The kharif rice is the main crop, covering over 85percent of the total rice area, and depends entirely on the South-West monsoon. It is sownin June and harvested in October-December, depending upon the duration of the cultivationand topography of the field. The dalua (summer) crop coincides with the dry season anddepends entirely on irrigation. The source of irrigation water is tank. The dalua seasonstretches from December-January to April-May. Farmers grow mung, biri, groundnut,vegetables, sweet potato etc. during this season.
2.1.6. Mayurbhanj districtMayurbhanj district is in the Odisha state of eastern India. It is located between 21028'and 22 008' North Latitudes and 86004' and 86037' East Longitudes (Photo 7). It holds thedistinction of being the largest district in Odisha by area.  As per 2011 census, Mayurbhanjranks as the third-most populous district in Odisha, following Ganjam and Cuttack.Mayurbhanj is land-locked with a geographical area of 10,418 km2 and lies in the North-East corner of the state. Scheduled Tribes make up 58.72% of the population respectively.The climate of Mayurbhanj is sub tropical marked by high humidity and rainfall during theMonsoon. The Simlipal Hills influence the weather substantially and exhibit higher rainfalland lower maximum temperatures than the rest of the district. The average annual rainfall is

Photo 7. Mayurbhanj district

around 164 cm. Summertemperatures in Baripadacan occasionally cross 450Cbut thunderstorms in theevening are common whichhave a moderating influence.Minimum temperature inwinter can go down to 8 0C.Fog occurs occasionallyduring winters.The western plains ofMayurbhanj are anextension of the OdishaPlateau. They are mostly flatwith small hills and slopesbut are at a higher altitudethan the eastern plains, the
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height rising from North to South. The streams here drain into the Baitarani River inKendujhar or flow into Jharkhand to the North. There are still isolated open forests to beseen, but rice is the most common cultivated crop. The indigenous vegetation consisted ofpure Sal forests which have now been replaced by rice cultivation.
2.2. Andhra PradeshAndhra Pradesh is a state in the southern coastal region of India. It is the seventh-largest state with an area of 1,62,970 km2 and the tenth-most populous state with4,95,77,103 inhabitants. It is located between 12041' and 19007' North Latitudes and 77000'and 84 040' East Longitudes (Photo 8).  The Eastern Ghats are a major dividing l ineseparating coastal plains and peneplains. The coastal plains are part of Coastal Andhra.These are mostly delta regions formed by the Krishna, Godavari, and Penna rivers.Peneplains are part of Rayalaseema. 60% of the population is engaged in agriculture andrelated activities. Rice is the state's major food crop and staple food.The climate varies considerably, depending on the geographical region. Summerslast from March to June. In the coastal plain, the summer temperatures are generally higherthan in the rest of the state, with temperatures ranging between 20 and 410C. July toSeptember is the season for tropical rains from the South-West monsoon. During Octoberto December, low-pressure systems and tropical cyclones form in the Bay of Bengal along

Photo 8. Andhra Pradesh state

with the North-Eastmonsoon, bringing rains tothe southern and coastalregions of the state.November to February arethe winter months. Since thestate has a long coastal belt,the winters are not very cold.The range of wintertemperatures is generally 12to 30 0C. Lambasingi inV isakhapatnam district isnicknamed the "Kashmir ofAndhra Pradesh" as itstemperature ranges from 0 to100C). The normal rainfall forthe state is 966 mm. Based onthe 2011 Census of India, the
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population of Andhra Pradesh is 4,95,77,103, with a density of 304/km2. The state has5.53% Scheduled Tribe populations.The agricultural economy comprises agriculture, livestock, poultry farming, andfisheries. 60% of the population is engaged in agriculture and related activities. Rice is thestate's major food crop and staple food. The state has three agricultural export zones: theundivided Chittoor district for mango pulp and vegetables, the undivided Krishna districtfor mangoes, and the undivided Guntur district for chillies. Besides rice, farmers growjowar, bajra, maize, minor millet, many varieties of pulses, oil seeds, sugarcane, cotton,chilli, pepper, mango, and tobacco. Crops used for vegetable oil production, such assunflower and peanuts, are popular. The state contributes 10% of total fish production andover 70% of shrimp production in India. The geographical location of the state allowsmarine fishing as well as inland fish production. The most exported marine products includeVannamei shrimp.
2.2.1. Parvathipuram Manyam districtParvathipuram Manyam district is a district in the Indian state of Andhra Pradesh.With Parvathipuram as its administrative headquarters, it became functional from 4th April2022. The district was formed from Parvathipuram revenue division from Vizianagaramdistrict and part of Palakonda revenue division of Srikakulam district. The district was once

Photo 9. Parvathipuram Manyam district
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Photo 10. Bhu Sona variety Photo 11. Bhu Krishna variety

part of ancient Kalinga. It is located between 17015' and 19 015' North Latitudes and 83000'and 83045' East Longitudes (Photo 9). As per 2011 census, the district had a population of9,25,340 of which 86.6% live in rural areas. Scheduled Tribes make up 2,60,419 (28.14%)of the population in this district. Jatapus, Konda Dora, Savara, Gadabas, Manne Dora andMukha Dora are the prominent tribes of this district. Rice is the staple food crop. Maize,millets, pulses, yams and sweet potato are the other crops cultivated in this district.The Regional Centre of ICAR-Central Tuber Crops Research Institute, Bhubaneswarunder Tribal Sub Plan has conducted demonstrations on tuber crops technologies alongwith cereals, pulses, vegetables, poultry etc. as integrated farming system in tribal areas ofKoraput, Rayagada, Kandhamal, Gajapati, Jajpur and Mayurbhanj districts of Odisha andParvathipuram-Manyam district of Andhra Pradesh.
3. Tuber crops technologies demonstrated
3.1. High yielding and biofortified varieties
3.1.1. Sweet potato
Variety
Bhu Sona: Spreading medium duration (110 days) orange fleshed variety, rich in

beta-carotene (14 mg/100g fresh tuber weight) (Photo 10). Tuber yield20-25 t/ha.
Bhu Krishna: High yielding, medium duration (110 days) and high anthocyanin(95 mg/100 g fresh tuber weight) variety with good cooking quality(Photo 11). Tuber yield 22-25 t/ha.
Kishan: Spreading medium duration (110-120 days) variety. High sugar and drymatter content variety. Tuber yield 17 t/ha.



Sustainable Livelihoods throughTuber Crops-based Agri-Food Systems ICAR-Central Tuber Crops Research InstituteSreekariyam, Thiruvananthapuram, Ker ala

[ 20 ]

Climate and soilModerately warm climate and temperature of 21-260C is very conducive to sweetpotato cultivation. A well distributed annual rainfall of 75-150 cm is favourable for itscultivation. Well drained loam and clay loam soils are good for sweet potato. Soil pH of 5.5-6.5 is appropriate for sweet potato.
Planting timeJuly is the best time of planting for rainfed crops especially hills and plateau. October-November is the best time under irrigated conditions in plains.
Planting materialIn India, sweet potato is generally propagated by fresh vine cuttings, directly obtainedfrom field. Vine cuttings (20-30 cm long) obtained from top and middle portions having 3-4 nodes are ideal for planting. If the planting material is sent to distance places defoliationis recommended.
Spacing and method of plantingThe ridge and furrow method is helpful for convenient cultural operations, earthingup and economical water requirements. Vines are planted at a spacing of 20 cm on ridgesof 45 cm height made 90 cm apart. Two cutt ings per hill is recommended betterestablishment. The middle portion of the vine with nodes is buried 5-10 cm depth keepingboth the ends exposed. About 85,000 cuttings are enough to plant one-hectare area.
Manures and fertilizersFor rainfed upland crop, farm yard manure 5 t/ha and N-P-K 50-25-50 kg/ha isrecommended. Application of 5 t farmyard manure or compost and 75 kg/ha each of N andK and 50 kg/ha of P is recommended for the lowland rabi  conditions. A full dose of P and halfof N and K as basal dose at the time of planting and the remaining half 30 days after plantingalong with weeding and earthing up is recommended. Application of two-third recommendeddose of N (26 kg/ha) and 2 kg Azospirillum to soil gives higher tuber yield.
Vine turningSweet potato establishes 10 days after planting. It starts growing vigorously afterthird week. It should be turned to avoid anchoring the soil at nodes 30 days after planting.This is essential to check vegetative growth and to enhance tuber yield. The turning ofvines should also be done at the time of second weeding to check luxuriant growth.
WeedingWeeding is essential for primary growth of sweet potato. The first weeding s carriedout  30 days after planting followed by earthing up improves the physical condition of soil.The second weeding and earthing up should be done 60 days after planting.
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IrrigationIn India sweet potato is mostly grown as a rainfed crop. If there is insufficientmoisture irrigation may be given at 10-15 days interval.
Plant protection

Sweet potato weevil: Sweet potato weevil (Cylas formicarius) is the most importantpest causing very severe damage to the crop. Adult weevil makes puncturing on vines andtubers. The grubs bore and feed by making tunnels. Even the slightly damaged tubers areunsuitable for consumption due to bitterness. Yield loss may go up to 100% in severe cases.On an average, 20-55% tuber loss occurs. The following integrated pest management wasfound effective against the weevil.1. Dip the vine cuttings in fenthion or fenitrothion 0.05% solution for 10 minutesbefore planting.2. Re-ridge the crop two months after planting.3. Install synthetic sex pheromone traps @ 1 trap/100 m2 area to collect and kill themale weevils.4. Destroy the crop residues after harvest by burning.
Harvesting and yieldHarvesting sweet potato in 120 days after panting is recommended. Delay in harvestinginvites attack of sweet potato weevil. Maturity is indicated when the leaves turn yellow andbegins to fall. By cutting tubers and verifying that latex dries up without turning black indicatesits maturity. For easing operation, light irrigation is given 2-3 days before digging of tubers.Care should be taken to avoid injuries and bruises on tubers. By adopting recommendedvarieties and improved cultural practices a yield up to 20 t/ha may be obtained.
3.1.2. Greater yam
Variety

Orissa Elite: It is a short duration (6-7 months) variety twining right-side. Stem isgreen colour with emerging leaf is light brown. Field tolerant to virus, Cercospora leaf spot,scale insects and mealy bugs. Tuber shape is long cylindrical with dark brown skin colourand white flesh colour (Photo 12). Tuber cooking quality is soft, non-sticky and excellent.Self-life of the tuber is 6-7 months. Tuber yield 25 t/ha.
Sree Nidhi: It is a long duration (9-10 months) variety twining right-side. Stem is greencolour with emerging leaf is green. Tolerant to anthracnose. Tuber shape is long cylindricalwith dark brown skin colour and white flesh colour (Photo 13). Tuber cooking quality is soft,non-sticky and excellent. Self-life of the tuber is 4-5 months. Tuber yield 30-35 t/ha.
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Sree Neelima: It is a long duration (9-10 months) variety twining right-side. A highyielding variety with purplish flesh colour, good culinary and nutritive quality (Photo 14).It has anthocyanin 15-50 mg/100 g fresh weight basis. It has high protein (15.37% on dryweight basis) and medium drymatter (24.6%), starch (18.1% fresh weight basis) content.It has high potassium (1.14%), Fe (70.80 ppm), manganese (7.20 ppm), zinc (49.80 ppm)and calcium (820 ppm) content. Tuber yield 35 t/ha.

Photo 12. Orissa Elite variety Photo 13. Sree Nidhi variety Photo 14. Sree
Neelima variety

Climate and soilYams require temperature of 26-310C for better growth. A well distributed rainfallof 1100 mm is enough for their growth. Fertile sandy loam soil is ideal for growing yams.Loose, deep soil with high organic matter content and having pH of 5-7 is most suited foryams. Yams cannot sustain water-logging. Since they are long duration crops, they prefersoils rich in K content. In kitchen and homestead gardens, yams receive lot of ash, which isrich in K content.
Planting timeMay-June is ideal time for rainfed crops in easter India.
Planting materialYams are commonly propagated vegetatively. Tuber pieces or small whole tubersare used. Tuber pieces or whole tubers weighing 200-250 g are used for planting. Usually,big whole tuber is cut into pieces (setts) consisting of top, middle and bottom. Seed tubersand top portions are ideal for planting. Before planting, tuber pieces are dipped in cowdung slurry and dried in shade to protect from damage. Drying of cut pieces gives healingeffect, encouraging callus formation.
Spacing and method of plantingSince greater yam has luxuriant growth and broad leaves, it requires spacing of 90 x90 cm. Ridge and furrow method of planting is easy to harvest.
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MulchingMulching helps protecting the propagating material from excessive soil temperature.It also helps in uniform sprouting and suppressing weeds. Dried farm waste can be usedas mulch materials.
Manures and fertilizersFarmyard manure or compost 10 t/ha should be incorporated in the soil. Applicationof N-P-K 80-60-80 kg/ha is recommended. Total quantity of P and half of N and K should begiven at the time of first weeding. The remaining N and K should be given after secondweeding.
WeedingGreater yam needs 3 weedings. Weeding 30, 60 and 90 days after planting isrecommended. Weeding is followed by earthing up is very important for maintaining ridgeheight.
StakingStaking plays a crucial role in effecting higher tuber yields. As soon as yam vineemerges it tends to on climb any available support. In the absence of available support, theyam vines would simply lie on the ground. Failure to stake yams has been reported to causedrastic yield reduction. Bamboo or wooden twigs staking is recommended. Individualstaking, pyramidal staking and trellising are different methods of staking is followed.
IrrigationYams are relatively tolerant to drought. However, yield is affected if moisture stressis faced during initial stages of growth. For uniform sprouting yams should be irrigatedimmediately after planting. Once the rain starts, there is no need of irrigation. However,proper moisture is beneficial. Care should be taken to avoid stagnation of water.
Plant protectionYam scale is found to occur on the tubers both field and storage conditions.  As aprophylactic measure, dip the planting material in imidacloprid 0.03%. and use scale freeseed tuber for planting.
Harvesting and yieldYams are harvested 7-9 months after planting. The leaves turn yellow and vines startdrying up at maturity. Delaying in harvesting up to 2 months does not affect yield. Greateryam yields 30-40 t/ha.
3.1.3. Elephant foot yam
Variety

Gajendra: It is a short duration variety and harvested 180-210 days after planting. Itis suitable for both kharif and rabi season. The variety produces smooth corms, free from
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daughter corms (Photo 15). The cooking quality is very good low acridity (calcium oxalate0.03 mg/100 g fresh tuber). It contains  beta-carotene 2412 IU. Tuber yield 42 t/ha.

Photo 15. Gajendra variety
Climate and SoilElephant foot yam requires warm weather with a temperature of 25-350C. Humidconditions favour leaf growth in the beginning, whereas dry weather is favourable for cormdevelopment. Well distributed rainfall of 1000-1500 mm promotes better growth and cormyield. Well drained sandy loam soil is best suited for its cultivation. This crop can also begrown in soils with high clay and silt soils by incorporated with organic matter or compostto make the soil friable and light. Water-logging is harmful at any stage of crop growth.
Planting materialElephant foot yam crop is propagated through corms and cormels. For commercialcultivation, whole or cut corms weighing 500-1000 g are used for planting. Whole corm ispreferred over cut corm. Seed treatments are essential when cut corms are used as plantingmaterial to minimize rotting. Dipping of planting material in thick cow-dung slurry (2 kg
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of fresh cow-dung in 1 litre of water) mixed with Trichoderma @ 5 g per kg of FYM followedby drying (24 hours) in a shaded place is effective in enhancing the sprouting.
Spacing and method of plantingSpacing depends on the weight of planting material. Planting seed corms weighing500 g, a spacing of 90 x 90 cm is recommended. Corm setts can be planted eight ridge andfurrow system or pit followed by mounds depending up on the soil type. In alluvial andblack (clay loam) soils ridges and furrows are made. On the ridges, 5-10 cm below the soilelephant foot yam corm sett is planted. Corm sett planting is done vertically in the pits/ridges.
Time of plantingMarch-April is the best period for planting in Odisha under irrigated conditions. Asa rainfed crop it should be planted in May-June with the onset of rains.
Manures and fertilizerUnder rainfed conditions of Odisha, FYM 10 t/ha and N-P-K 80-60-80 kg/ha isrecommended. However, under irrigated conditions FYM 10 t/ha and N-P-K 120-60-120kg/ha is recommended. At the time of planting full dose of P and half of N and K are appliedin pits. The remaining dose of N and K is applied around the shoots 30 and 60 days afterplanting at the time of weeding and earthing up.
MulchingImmediately after planting, the crop should be mulched for 3-4 weeks. Paddy strawis generally used for mulching. Mulching helps in reducing soil temperature and conservesoil moisture besides enriching the soil and reducing weeds. Black polythene and waterhyacinth can also be used for mulching.
WeedingElephant foot yam is susceptible to weed growth through-out the crop growth periodbecause of less coverage of field by the leaf canopy. Hand weeding is the most commonmethod of weed control. Hand weeding at 30, 60 and 90 days after planting is recommended.Each weeding is followed by earthing up. Pre-emergence application of pendimethalin oroxyfluorfen @ 1 kg/ha controls the weeds at early stage very effectively.
IrrigationThe crop should be irrigated lightly immediately after planting to get uniformsprouting. Subsequent irrigation before monsoon can be given depending on therequirement. Post monsoon irrigation leads to longer crop duration and higher yields. Careshould be taken to avoid water stagnation in the field. Before harvesting, a shallow irrigationhelps in easy digging of corms.
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Plant protection
Collar rotCollar rot is the most common disease, and prevalent in all elephant foot yam growingareas. It is caused by Sclerotium rolfsii Sacc. The most important symptoms are water-soaked lesions on the stem, yellowing at the tip of leaves which moves downward andcollapse of stem due to rotting at collar region. It causes 20-100% yield loss. It can becontrolled following crop rotation for 2-3 years, field sanitation and if necessary, drenchingthe soil around the plant with 0.2% captan or 0.5% benzimidazole or saaf/sixer 0.2%.Seed corm treatment with cow-dung slurry incorporated with Trichoderma (100 g in 20kg FYM) is highly effective.
Leaf blight / Leaf rotLeaf blight/leaf rot is more common in highly humid and warm areas.  Leaf blight iscaused by Phytophthora colocasiae Racib. Symptoms of leaf blight are generally observedin lower leaves. Small water-soaked lesions develop on the leaflets. These spots coalesce,enlarge and give rise to a blighted appearance. It can be controlled following crop rotationfor 2-3 years, field sanitation and if necessary, drenching the soil around the plant with0.2% captan or 0.5% benzimidazole or saaf/sixer 0.2%.
Dasheen mosaic virus (DMV)DMV is not lethal; but its chief effect is to retard plant growth and reduce corm yield.The mosaic-infected plants are generally dwarfed and chlorotic in appearance and exhibitmosaic mottling which is more pronounced in young leaves. The leaflets become narrowand symptoms of leaf distortion like leaf strapping, rat tailing/shoe stringing, puckeringand upward curling of leaf lamina are prominent in severely infected plants. However, incase of mild infection the yellowing and vein clearing symptoms are more common. Severalaphid species are involved in disease transmission.
Management of field diseases of elephant foot yamIn elephant foot yam, diseases cause serious yield losses. The following integrateddisease management evolved at CTCRI has been found very effective for managing themajor field diseases of elephant foot yam.• Use of healthy planting material with no symptoms of corm rot and obtained frommosaic-free plants.

• Mulching with dry paddy straw/plant leaves or black polyethylene sheets.
• Corm treatment with cow-dung slurry mixed with Trichoderma  before planting.• Application of Trichoderma enriched compost in pits before planting.• Two preventive sprayings with Mancozeb (0.2%) + Imidacloprid (0.03%) at 60 and90 days after planting.
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Harvesting and yieldElephant foot yam is harvested 6-7 months after planting under North Indianconditions, whereas in South India, it is harvested 9-10 months after planting. The maturityis indicated by yellowing and dropping of the leaves. The harvesting is generally done inNovember but it can be harvested earlier also, if there is a demand for vegetables duringthe off season. The lower yield due to early harvesting can be compensated by higher marketprice. If the soil is very hard, a light irrigation may be given before harvesting. Yield of 40-50 t/ha can be obtained depending upon the corm size used for planting and managementpractices adopted.
3.1.4. Taro
Variety

Photo 16. Muktakeshi variety

Muktakeshi: It isa 6-7months durationvariety. Plant is erectand medium tillering.Leaves are narrow withgreen colour petiole.Cormel is cylindricalwith light grey skincolour and white flesh(Photo 16). The varietyis tolerant to leaf blightand dasheen mosaicvirus. Cormels arehaving excellent cookingquality and non-acrid.Cormel yield 20 t/ha.
Sree Telia: It is a short duration (4-5 months) variety. Plant is erect and mediumtillering. Leaves are broad with pink/red petiole. Cormel is cylindrical with grey skin colourand white flesh (Photo 17). Cormels are having good cooking quality. Cormel yield 15-18 t/ha.
Sree Hira: It is a 6 months duration variety. Plant is semi-erect and medium tillering.Leaves are broad with green petiole. Cormel is elliptical with brown skin colour and whiteflesh (Photo 18). Cormels are 14-18 cm length. Cormels are having good cooking quality.Cormel yields 16-20 t/ha.
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Climate and soil
Taro requires moist conditions. An annual rainfall of 700-1000 mm well distributedduring growth period is required for optimum tuber yield. Well drained and fertile sandyloam soil is ideally suited for its cultivation. It also comes up well in fertile loamy to clay loamsoil. It can stand well in heavy soils and withstand waterlogged condition. The pH of 5.5-7.0is ideal.

Planting materialTaro is propagated vegetatively mostly by small cormels weighing 20-25 g. Healthydisease and injury-free uniform sized planting material should be selected and stored in acool place at least for 3 months before planting. One tonne planting material is enough forplanting a hectare crop.
Spacing and method of plantingLand preparation till a fine tilth is very essential. A spacing of 60 x 30 cm isrecommended for taro. Planting of cormels should be done at 30 cm spacing on ridges made60 cm apart. Flat bed method can also be adopted under upland conditions having gooddrainage. Planting in small pits is good in flat bed planting. Mulching with leafy material reducesweed incidence, conserves moisture and increases tuber yield. the depth of planting of cormelsvaries between 5-10 cm. High planting density at a distance of 45 x 30 cm is also effective butits seed requirement is 1.5-2.0 t/ha.
Planting timeRainy season is ideal time for planting, whereas February-March is for irrigated areas.
Manures and fertilizersFarmyard manure or compost is recommended @ 10 t/ha along with N-P-K 80-60-80kg/ha. Half dose of N and K and full dose of P should be applied as basal. The remaining N and

Photo 17. Sree Telia variety Photo 18. Sree Hira variety
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K is applied in 2 split doses, first 30 days after planting and second a month later. Earthingup should be done after each topdressing.
WeedingThree hand weeding followed by earthing up at 30, 60 and 90 days after planting isrecommended.
De-suckeringDe-suckering is done at the time of second earthing up. Only 3 suckers/plant shouldbe allowed if the rainfall is not regular.
IrrigationThe kharif crop is grown under rainfed conditions, but protective irrigation shouldbe given if the rainfall is not regular.
Harvesting and yieldThe crop matures 120-150 days after planting. This is indicated by drying up of leaves.Harvesting is done by digging out the corms and cormels. The mother corms and cormelsare separated before marketing. It yields 20-30 t/ha depending on variety.
3.1.5. Yam bean
Variety

Rajendra Mishrikand (RM-1): It is an early maturing (110-120 days) variety. Plantsare having long spreading vine with yellowing green colour leaves. Tuber is fusiform inshape with thin creamy white skin and white flesh (Photo 19). Crop grown for tuberpurposes are mostly free from pest infestation. Tuber yield 35 t/ha.

Photo 19. RM-1 variety
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Climate and soilYam bean is adapted well in subtropical to humid, hot, temperate zones. It can begrown up to 1000 m above mean sea level. Heavy rainfall along with waterlogging conditionsis unfavourable for its cultivation. But evenly distributed rain throughout the growth periodis favourable for good tuber development. Cool temperature is favourable for good tuberdevelopment.Sandy loam soil of good depth is favourable for its cultivation. The soil pH of 6.0-7.0is ideal. The clay loam soil with good fertility and drainage is most suited for its cultivation.
Seed materialThe propagation of yam bean is mainly through seeds. Sometimes tubers are usedfor planting in order to maintain desirable characteristics of plants but normally it is notpracticed. Seeds are sown with the onset of monsoon. The seed rate varies according tospacing of the crop. A seed rate of 10-20 kg/ha is generally adopted by the farmers.
Sowing timeThe seeds should be sown from June-September.
Spacing and method of sowingSowing on ridges at a spacing of 60 x 20 cm gives good yield. Sometime yam beanseeds are sown 2-3 seeds/hill.
Manures and fertilizersFarmyard manure 10 t/ha should be applied at the time of land preparation. Thefertilizer dose of N-P-K 80-60-80 kg/ha is recommended. Full P and half N and K are appliedas basal at the time of sowing. The remaining half dose of N and K is applied as top dressing30 days after sowing at the time of earthing up.
WeedingTwo weeding is required. First weeding is done 30 days after sowing followed byanother after 30 days of first weeding. Straw mulching helps in better moisture conservationand also suppresses weed growth.
De-floweringNormally yam bean starts flowering 75 days after sowing. It is desirable to removethe flowers without allowing the plants to bear pods for getting better tuber yield.
IrrigationThe rainfed crop sown in June-July does not require irrigation. In September sowncrop it is advisable to give supplementary irrigation, so that crop does not face moisturestress during tuber formation.
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Harvesting and yieldIt can be harvested early or late according to market demand. It is possible to harvestthe crop with smaller size tubers after 100 days. Otherwise, it can be left in the field up to 150days for better size. Traditionally the trend is to harvest the crop on the occasion of ‘SaraswatiPuja’ with the start of spring season because of market demand. Delayed harvests lead tofibrous flesh along with cracks in the tubers. This causes deterioration in tuber quality in themarket. A light irrigation should be given to soften the soil before harvesting. First topvegetative part is removed then the tubers are dug manually. Care should be taken to avoidcuts and bruises on tubers. It yields 20-30 t/ha.
3.1.6. Cassava
Variety: Sree Jaya, Sree Vijaya
Sree Jaya: It is erect branching early maturing variety with good cooking quality (Photo20). It is suitable to low land as a rotation crop susceptible to CMD. The crop duration is210 days and yielding 26-30 t/ha.
Sree Vijaya: It is erect branching early maturing variety with good cooking quality (Photo21). It is suitable to low land as a rotation crop susceptible to spider mites and scale insects.The crop duration is 210 days and yielding 25-28 t/ha.

Photo 20. Sree Jaya variety Photo 21. Sree Vijaya variety
Climate and soilCassava grows well in warm and humid climate with well distributed rainfall. It cantolerate drought once it is established. It grows on all types of soil, but saline, alkaline andill drained soils are not suitable.
Land preparationAccording to the situation different methods are being followed. In light texturedsoil flat method of land preparation, in heavy textural soil mound method and underirrigated condition ridges and furrow method of land preparation is suggested.
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Planting material and plantingWhile preparing the stakes it is better to have a smooth circular cut rather than anirregular cut for uniform callus formation and root initiation. A stake length of 25-30 cm isbeneficial. Shallow planting facilitates production of more number of roots. When soil issufficiently loose and friable, stakes can be planted to a depth of 5 cm. Cassava setts are plantedin different methods like vertical (90 degrees to the ground), slanted (45 degrees angle) andhorizontal. However, vertical planting results in more uniform formation of callus tissuearound the cut surface which helps in uniform distribution of tuber forming roots all-roundthe base of the plant.
Time of plantingUnder irrigated conditions cassava can be planted throughout the year. As a rainfedcrop, the best time of planting is June with the onset of pre monsoon showers.
Spacing and plant populationCassava genotypes are classified into branching, semi branching and non-branchingtypes. Non branched types required 75 x 75 cm while semi branched and branched typesrequire 90 x 90 cm for optimum yield.The sprouts emerging from the top buds are more vigorous than those emergingfrom the lower nodes of the stake. Removal of excess sprouts by retaining 2/plant at oppositesides is better for the production of more number of tubers/plant.
Gap fillingUnder field conditions, all the stakes planted may not establish due to poor qualityplanting material and adverse weather conditions. At the time of planting stakes in themain field about 5% of the stakes (600) may be planted separately at a very close spacingof 5 x 5 cm in a nursery (1 m2) with pot watering so that the settings at the age of 20-25days old may be uprooted and used for gap filling.
Weeding and earthing upThree weeding is required at 30, 60 and 90 days after planting. Earthing up shouldbe followed after weeding.
Manures and fertilizersFYM/Compost 12.5 t/ha along with N-P-K 100-75-100 kg/ha is recommended. FullP and 1/3 N and K at basal. The remaining 2/3 N and K in two splits at 30 and 60 days afterplanting.
Water requirementCassava is mostly grown under rain fed situation. Sufficient moisture should beensured in the field for the first twenty days after planting.
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Plant protection
Cassava mosaic disease (CMD): It is caused by Indian cassava mosaic gemini virus.Chlorotic areas intermixing with normal green tissue gives mosaic pattern. In severe casesleaves are reduced in size, twisted and distorted, reducing chlorophyll content andphotosynthetic area. It causes 25-80% yield reduction. The disease can be effectivelymanaged by 1) using disease free planting material, 2) growing field tolerant varieties l ikeH 97, H 165, Sree Visakham and Sree Sahya, 3) roguing-out infected plants and followstrict field sanitation and 4) keeping the fields free of self sown cassava plants which mayserve as a source of inoculums and help the spread of disease. Prompt disposal of cassavaresidue is essential.
Tuber rot: It is caused by Phytophthora drechsleri. Infected tubers show browndiscolouration of internal t issues, rotten and emit foul smell and unfit for consumption ormarketing, causing heavy yield loss. The disease can be managed by 1) improving drainage,2) removing infected tubers from the field and 3) incorporating Trichoderma viridae intothe soil.

Harvesting and yieldThe crop is ready 7-10 months after planting. Delay in harvesting may result indeterioration in cooking quality of the tubers. It yields 25-30 t/ha.
3.2. Resource use efficient production systems demonstrated
3.2.1. Greater yam+maize intercropping systemMaize was found suitable intercrop in greater yam cultivation (Photo 22). Greateryam is planted at 90 x 90 cm spacing in ridge and furrow system. In the intra-rows, between

Photo 22. Greater yam+maize intercropping system
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two greater yam plant three maize plants are sown. Thus, maintaining spacing of 90  x 30cm for maize. Both greater yam and maize has to plant/sown same time. Immediatelyafter planting/sowing mulching farm waste 2 t/ha is recommended. FYM 10 t/ha is appliedat the last plough, before forming ridges. Application of N-P-K  @ 120-90-120 kg/ha isrecommended for greater yam+maize intercropping. Basal dose full P and 1/3 rd N and K.Remaining 1/3rdN and K at one month after planting and last 1/3rdN and K at two monthsafter planting. At physiological maturity maize cobs are to be harvested. Greater yam useshaulms of maize for trailing. Thus, this intercropping system reduces cost of cultivationand replaces wooden/bamboo staking and produce additional maize yield. It isenvironmentally safe and economically viable, eco-friendly intercropping system.
3.3. Integrated disease management (IDM)
3.3.1. Taro leaf blightLeaf blight of taro,caused by Phytophthoracolocasiae, is the mostdestructive disease of taro.Phytophthora blight of taroappears as small, water-soaked spots that increase incircumference and also spreadto healthy plants (Photo 23).The ent ire leaf area isdestroyed within few days.Under cloudy weatherconditions with intermittentrains and temperature around28oC, the disease spreads at tremendous speed and the entire field gives a blightedappearance.  Yield losses of 25-50% are common due to this disease.  The rainy seasoncrop is damaged during its peak of crop growth.Several methods for the management of leaf blight of taro have been recommendedbut the use of tolerant cultivars seems to be the most ideal and economical method.  Manycultivars of taro tolerant to leaf blight have been reported from India. The variet iesMuktakeshi and Sree Hira showed high degree of field tolerance to blight. A farmer's friendlyIDM package for the management of the taro blight has been developed at ICAR-CTCRI.The package includes growing resistant variety like Muktakeshi/Sree Hira, short-durationvariety with early planting, one protective spray with mancozeb (0.2%) at 45 days after

Photo 23. Taro leaf blight
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planting followed by one more spray with metalaxyl (0.05%) at 60 days after planting insusceptible cultivars, intercropping with non-host crops, use of disease-free seed tubersand seed tuber treatment with Trichoderma viride.
3.3.2. Elephant foot yam collar rotCollar rot is the most common disease, and prevalent in all elephant foot yam growingareas. It is caused by Sclerotium rolfsii. This disease is generally observed in the later partof crop growth but the pathogen is capable of infecting the plants at any stage. The diseaseis more destructive during the rainy season followed by warm dry weather. The pathogenis soil borne. Injury to the collar region during intercultural operations acts as a predisposingfactor for infection by S.  rolfsii. As a result of invasion by the pathogen in the collar region,water-soaked lesions appear on the stem just above the soil surface and the leaf startsturning yellow from the tip (Photo 24). Yellowing gradually spreads downwards leading tothe complete yellowing of the plant. Finally, the petiole (pseudostem) shrinks and the plantcollapses due to rotting of the collar region causing heavy yield loss.

Photo 24. Elephant foot yam color rotCultural practices like removal of infected plant debris and crop residue and properdrainage minimize the disease incidence. Thick mulching with paddy straw or otherorganic waste reduces the frequency of weeding and other intercultural operations,thereby avoiding injury to the plants. Spraying of sixer or saaf (1.5 g/litre of water) at 60and 90 days after planting is recommended as preventive measure against collar rot.Trichoderma spp. has been found very effective against collar rot.
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3.4. Integrated pest management
3.4.1. Sweet potato weevilSweet potato weevil (Cylas formicarius) is the most important pest causing verysevere damage to the crop (Photo 25). Adult weevil makes puncturing on vines and tubers.The grubs bore and feed by making tunnels. Even the slightly damaged tubers are unsuitablefor consumption due to bitterness. Yield loss may go up to 100% in severe cases. On anaverage 20-55% tuber loss occurs. The following integrated pest management will beeffective for the control.1. Dip the vine cuttings in fenthion or fenitrothion 0.05% solution for 10 minutesbefore planting.2. Earthing up at two and three months after planting.3. Install synthetic sex pheromone traps @ 1 trap/100 m2 area to collect and kill themale weevils.4. Destroy the infested crop residues after harvest by burning

Photo 25. Sweet potato weevil
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4. Livestock technologies
4.1. Backyard poultryBackyard poultry production has been established as best tool for poverty alleviationand also to generate cash income. It can be adopted by landless or any type of farmer withor without land holdings. It is commonly referred as rural poultry production. It is advisedto start with 20-50 birds and then further expansion can be had subsequently.
4.1.1. Breed

Rainbow Rooster: It is a dual-purpose, low input, multicoloured chicken from India(Photo 26). It was bred by Indbro Research and Breeding Farms in South India as a part ofa food programme. Rainbow Roosters are able to sustain free-range and backyard rearingconditions. Rainbow Roosters mateure between 4 and 6 months. Its mortality rate is low(<2.0%), when managed as a layer with commercial feeds. Rainbow Roosters will lay 160-180 eggs in 72 weeks (16 months). The layers start laying at 160 days (five months). At theend of lay the birds weigh about 3.0 kg. The average egg weight is 60 g. Rainbow Roosterswill star laying at five months and lay continuously for 10 months. When managed as meatbirds, the rainbow Roosters will attain the average weight of 2.0 kg in 8 weeks undercommercial feeds. Under scavenging condition, the Rainbow Roosters growth rate is a bitslower with the bird attaining the weight of 1.3 kg in 9 weeks. The average meat productionfor rainbow Roosters is 3.0 kg for male and 2.2 kg for female.

Sonali: It is one of the coloured bird for rural poultry farming (Photo 27). It is acrossbred of Fayoumi femal and RIR (Rhode Island Red) male. This bird is reared for botheggs and meat. These birds (10-20) can be reared under free range conditions for eggpurpose where plenty of natural feed is available. In case of commercial commercial farming,
Photo 26. Rainbow Rooster chicks
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these birds can be rearedunder intensive/semi-intensive conditionsproviding all necessaryinputs just likecommercial boilers.Backyard poultry breedwith an egg productionof 160-190 and 1.5 to 1.8kg body weight at 10 to14 weeks of age is viablerural village conditions. Photo 27. Sonali breed4.1.2. Open rangeThis is most common form of backyard poultry production. Here, the birds thrive onkitchen waste and others by grazing in the surrounding area. It can be integrated with in-situ azolla production to be served as feed supplement. Azolla contains 22-23% crude proteinon dry weight basis and liked by grazing birds. It is rich in essential amino acids, vitamins,growth promoter intermediaries, minerals like calcium, phosphorus and carotenoidsincluding beta-carotene. It increases the growth rate of the birds to about 40%.The birds are housed in low-cost houses made of mud, wire mesh with asbestosroofs costing about Rs 500-1000. Generally, farmers do not practice vaccination but it isadvisable to have vaccination for Meacks disease, ranikhet disease and infections bursaldisease. Other precautionary measures to be taken on observation are control of l ice andtick infestation in adult birds and regular de-worming etc. Since it is self-sustaining system,brooding was done by birds and new chick production will continue. Males after attainingweight over one kg are disposed off leaving the male female ratio as 1:5 in the flock.The most important fact in this venture is selection of germplasm. Birds which areable to save itself from predators (can fly/ run), able to attain one kg body weight by tendermeat stage (12-16 weeks) or produce 150 or more eggs under this rearing/ feeding systemare preferred.4.1.2.1. Medication to open systemGenerally, in poultry medication is done through drinking water. But the rural poultry(except intensive) fulfil its water requirement from outside the shelter; medication of birdthrough drinking water is not practicable. There are 2 other ways may follow to medicatethem.
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1.Keep the birds thirsty for 3-4 h and do not allow them to come out of the shelter.Then at the entrance gate of shelter put the waterers (one waterer for 5 birds) anddissolve the medicine to be given at the recommended rate per bird in 40-50 mlwater. The birds will come out from the shelter and drink the water. This will takecare of the required dose of medicine. However, sometimes the medication is unevenand hence becomes less effective.2.The second and more effective method is to calculate the quantity of medicine onthe basis of number of birds and age group. Dissolve the medicine in the quantityof vitamin B-complex (0.5 ml/bird) and 0.5 ml/bird clean drinking water. Preparea solution/ paste of it . On the day of medication one person can sit on the door ofshelter catch the bird one by one and open its mouth while the second person usinga simple dropper will put 5-6 drop of this medicine solution in the mouth of thebird and then release the bird for grazing. The method has been found best foreven and effective medication. The same can also be used for the control of tickand l ice.4.1.2.2. Sanitation and hygieneWeekly or fortnightly lime may be used in the shelter to destroy microbes and toprevent infection. The floor must be kept dry in all the season. Sick birds if any must bekept separately and medicated as above. In fast growing birds, vitamin B-complex must begiven around 4-5 weeks and there-after at fortnightly interval for supplementation.5. Methodology Adopted         The implementation of various models of the thematic interventions was doneby adopting a participatory approach with the tribal farmers. For this purpose, first of allvillage level committee was constituted in collaboration with the villagers for which initialexhaustive motivation of the farmers was done. The targeted beneficiaries are tribal smalland marginal farmers. Thereafter the interventions were prioritized in view of the interestand willingness of the selected households. At this stage the livelihood profile of the farmer,his interest and the potential with him were also considered. During the year 2022-23, Dr.M. Nedunchezhiyan, Principal Scientist, Regional Centre of ICAR-CTCRI has visitedSathilobalbalia village, Nilgiri block, Baleswar district on 03.04.22, Katharuma andBaliadhipa villages, Kuliana block, Mayurbhanj district on 22.05.22 (Photo 28), Kalingavillage in Kalinga block and Katingia village in Raikia block of Kandhamal district on 29.05.22(Photo 29 and 30), Punjasargi village, Mohana block, gajapati district on 19.06.22 andBenagudia and katharuma villages in Kuliana block, Mayurbhanj district on 27.06.22 (Photo31)to identify the beneficiaries.
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Photo 28. Beneficiary identification on22.5.22 at Katharuma village inMayurbhanj district Photo 29. Beneficiary identification on29.5.22 at Kalinga village in Kandhamaldistrict
Photo 30. Beneficiary identification on29.5.22 at Katingia in Kandhamal districtPhoto 31. Beneficiary identification on27.6.22 at Benagudia in Mayurbhanj districtDuring the year 2023-24, Dr. M. Nedunchezhiyan, Principal Scientist, Regional Centreof ICAR-CTCRI has visited Habkaponka, Rajansahi, Kumbharsahi, Bhallaguda, Karadapongal,Bhurudi, Rajabasa and Bhaliasahi villages, Mohana block, gajapati district to identify thebeneficiaries on 05.05.23.The aim of the present project ICAR-Central Tuber Crops Research Institute underTribal Sub-Plan (ICAR-CTCRI-TSP) is creation of sustainable livelihood for tribal farmerstaking a holistic participatory approach where the annual income of families is to bedoubled. For this purpose, resource generation, expansion and entrepreneurship withbackward and forward linkages in integrated manner were envisaged. Implementation ofan innovative technical approach is the theme of the project.
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6. Input distribution6.1. Planting/seed materialsThe most important critical input in farming is seed/planting material. Under TribalSub Plan (TSP), quality planting materials of tuber crops were supplied to the tribal farmersat free of cost (Photo 32, 33 and 34). During the year 2022-24, the quality planting materialsof greater yam tubers 20,000 kg, elephant foot yam tubers 16500 kg, taro tubers 9,400 kg,yam bean seeds 500 kg, cassava stem 18,000 nos. (90,000 nos. sett cuttings) and sweet potatovine cuttings 30.0 lakh were distributed to the tribal farmers (Table 1). Apart from tubercrops quality planting materials vegetable seed kits (Amaranthus, bhendi, radish, cowpea,French bean, tomato, onion and Dolichos seeds) 450 nos. and vegetable seeds 125 kg (Frenchbean 100 kg and Long bean 25 kg), were also distributed to the tribal farmers under TSPprogramme. Maize seed 50 kg was distributed to tribal farmers during 2022-23.Farmers also contributed for the farming system demonstrations. During the year2022-24, tribal farmers were contributed seeds of paddy 548 kg and ragi 110 kg. Duringthe year 2023-24, tribal farmers were contrinuted maize seeds 60 kg.Table 1. Year-wise quality planting/seed materials distributed to the tribal farmers under TSPYear Distributed by the Regional Centre of Contributed byICAR-CTCRI under TSP the tribal farmersGreaterElephant TaroYamCassavaSweetVegetableMaizeRiceRagiyam foot yamtubersbean st empotatoseedsseedsseedsseeds tubers tubers (kg) seeds(Nos.) vine (kg) (kg) (kg) (kg)(kg) (kg) (kg) cuttings(Lakh)2022-2310000 8500 7000 3005000 9.0450 kits50 (Ins248 50titute)2023-2410000 8000 2400 20013000 21.0 125 kg60 300 60Total 20000 16500 9400 50018000 30.0450/125 110 548 110Table 2. Year-wise area covered by the tuber crops demonstrations under TSPTuber crop                                                         Area covered under demonstrations (ha)2022-23 2023-24 Totala. High yielding and biofotified varieties of tuber cropsGreater yam 0.70 1.00 1.70Elephant foot yam 0.05 00 0.05Taro 1.34 00 1.34Sweet potato 6.72 16.00 22.72Yam bean 23.40 12.00 35.40Cassava 0.35 2.10 2.45Total 32.56 31.10 63.66b. Tuber crops-based farming system 33.00 40.00 73.00Grand total (a+b) 65.56 71.10 136.66
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During the year 2022-24, a total of 136.66 ha frontline demonstrations on highyielding as well as biofortified varieties of tuber crops and tuber crops-based farmingsystem were conducted (Table 2). Frontline demonstrations on high yielding as well asbiofortified varieties of tuber crops were covered 63.66 ha (greater yam 1.7 ha, elephantfoot yam 0.05 ha, Taro 1.34 ha, sweet potato 22.72 ha, yam bean 35.4 ha and cassava 2.45ha). Tuber crops-based farming system demonstration were covered 73.0 ha.
Photo 32. Greater yam plantingmaterials distribution in Katharumavillage, Mayurbhanj district Photo 33. Cassava planting materialsdistribution in Sugadabadi village,Kandhamal district
Photo 34. Vegetable seed kits distribution in Nagada, Jajpur district
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Photo 35. Chicks distribution in Kathuruma,Mayurbhanj district
6.2. LivestockLivestock are integralpart of livelihoodimprovement programmes.Under TSP, during 2022-24,5420 nos. (Rainbow Rooster3420 and Sonali 2000 nos.) ofpoultry birds were distributedto the tribal farmers forlivelihood improvement(Photo 35 and 36) (Table 3). Ingeneral, the income fromlivestock component is higherthan crop components.However, the preference oflivestock species depends uponthe location.
Photo 36. Chicks distribution in Pahadima, Gajapati districtTable 3. Year-wise number of l ivestock distributed to the tribal farmersYear Poultry2022-23 34202023-24 2000Total 5420
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6.3. Small agricultural implementsTo reduce the drudgery of field operations, small agricultural implements weredistributed to the tribal farmers. Sprayers 267, hand hoe 300, sickle 567, crow bar 567,pickaxe 567 and spade 567 numbers were distributed to the tribal farmers (Photo 37and 38) (Table 4).Table 4. Small agricultural implements distributionYear SprayerHand hoe SickleCrow barPickaxeSpade2022-23 267 0267 267 267 2672023-24 0300 300 300 300 300Total 267 300 567 567 567 567
Photo 37. Sprayer and other smallagricultural tools distributed to thetribal farmers of Punjasargi village inGajapati district Photo 38. Sprayer distributed to thetribal farmers of Gamerikia village,Kandhamal district6.4. Power weedersWeeding is very importantagricultural operation in cropproduction. 'One-year seeding is seven-year weeding' a popular quote highlightsthe importance of weeding.  Timelyweeding saves labour, money and yieldloss. To equip with modern technologies,tribal farmers were given 4 nos. ofpower weeders for carrying outweeding during 2023-24 (Photo 39). Photo 39. Power weeder distributed to thetribal farmers of Gajapti district



Biennial Report ofTribal Sub-Plan 2022-24ICAR-Central Tuber Crops Resear ch Institut eRegional Station, Bhubaneswar, Odisha
[ 45 ]

6.5. Water pumpsTribal villages are located inremote areas and inaccessible. Many ofthe fields, though located near waterresources, due to lack of water pumps,farmers are unable to exploit irrigationpotential. Keeping the above, during2022-23, three numbers of 3HP waterpumps were distributed to the tribalfarmers of Punjasargi village, MohanaBlock, Gajapati District, Odisha and Photo 40. Water pump distributed to thetribal farmers of Gajapti districtduring 2023-24, 30 Nos. of water pumps 1HP were distributed to the tribal farmers ofBirikote and Adava GPs, Mohana Block, Gajapati District, Odisha for irrigating the cropsduring dry spells in kharif and also to cultivate crops during rabi season (Photo 40, 41 and42). Protecting the crops from droughts as well as increasing cropping intensity bycultivating rabi crops increased the farm yield, income and farmers livelihood.
Photo 41. Lifting water using waterpump for irrigating onion crop atChinchadapalli, Gajapti district Photo 42. Lifting water using waterpump for irrigating radish crop atChinchadapalli, Gajapti district6.6. Arrowroot starch extractor machinesQueensland arrowroot is widely cultivated in Rayagada and Koraput districts of Odishafor starch extraction purpose. Tribal farmers traditionally extract starch by manually rubbingthe tubers on the perforated iron sheet and collect the pulp. The pulp is then washed onmuslin cloth covered vessels and collect the filtrate. The filtrate leaved for sedimentation,then after 5-6 hours decanting the supernatant water. The starch settled in the vessel isdried under sun till it forms cake (dried). In the traditional process of starch extraction,pulping of arrowroot tubers is cumbersome and labourious. Sometimes causes injury to
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the fingers and hands. Further, it is done in unhygienic conditions. The ICAR-CTCRI hasdeveloped an arrowroot starch extractor machine and licenced to M/s StonehatTechnologies, 62C, Siruvani Main Road, Vadavalli, Coimbatore, Tamil Nadu 641041 formanufacturing and sell ing. Using this machine arrowroot tubers can be pulped hygienicallywithout drudgery. The pulping capacity of the machine is 100 kg per hour. It needed singlephase; 16 ampere electrical energy facilities. Along with machine a mesh (sieve) is givenfor separating starch from the pulp.During the year 2022-23, an arrowroot starch extractor machine was given to a tribalwomen SHG Maa Marium, Gortili village, Kurli GP, Bissamcuttack Block, Rayagada District,Odisha (Photo 43) and during 2023-24, two number of arrowroot starch extractor machineswere distributed to the tribal women SHG; one to Maa Sarada, Hatapeta village, LamtaputBlock, Koraput District, Odisha (Photo 44) and another one to Maa Malasi SHG, Kadragumavillage, Kurli GP, Bissamcuttack Block, Rayagada District, Odisha (Photo 45).
Photo 43. Arrowroot starch extractorinstalled at Gortili, Rayagada district Photo 44. Arrowroot starch extractorinstalled at Hatapeta, Koraput district
Photo 45. Arrowroot starch extractor installed at Kadraguma, Rayagada district
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During the year 2023-24, 485 kg of arrowroot tubers (Curcuma ungustifolia) werecrushed/ pulped using an arrowroot starch extractor machine and obtained 50 kg starch atGortili village, Rayagada district. The starch was sold for Rs 150 per kg.6.7. Bottle sealing machineTraibal farmers were trained on value addition of tuber crops for increasing incomeand reducing wastage of tubers. A bottle sealing machine was given to Punjasargi farmersfor sealing the jam and pickle bottles during 2022-23 (Photo 46).
7. Capacity building7.1. TrainingTrainings were organized to the tribal farmers on scientific method of tuber crops,cereals, millets, pulses and vegetable crops cultivation, and value addition of tuber cropsregularly. At the time of monitoring of demonstrations also farmers were trained on tubercrops cultivation and other components like poultry, goatery, mushroom and honey beefarming. Dr. G. Byju, Dr. M. Nedunchezhiyan, Dr. K. Laxminarayana, Dr. Kalidas Pati, Dr. V.B.S.Chauhan, Mr. K. Hanume Gowda, Dr. R. Arutselvan and Dr. S.K. Jata from the Regional Centreof ICAR-CTCRI, Bhubaneswar, and faculty members from Odisha University of Agricultureand technology (OUAT), KVK as well as officers from Directorate of Horticulture Odisha wereinvolved in imparted training to the tribal farmers. A total of 1408 tribal farmer (men 459and women 949) were trained from 25 number of training programmes during the reportingperiod of 2022-24 (Photo 47, 48, 49, 50, 51, 52, 53, 54, 55, 56 and 57). The details of trainingswere given in Table 5.Photo 46. Bottle sealing machine at Punjasargi, Gajapati district
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Photo 47. Training programme at KVK,G.Udayagiri, Kandhamal district on 08.08.22Photo 48. Training programme at Mohana,Gajapati district on 09.08.22
Photo 49. Training programme at KVK,Semiliguda, Koraput district on 10.08.22Photo 50. Training programme atKoraput district on 11.08.22
Photo 51. Training programme at Nagada, Jajpur district on 06.09.22
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Table 5. Details of training programmes conductedSl. Title of training PlaceDateNo of participantsNo. MaleFemaleTotal2022-231Crop diversification throughKVK, G.Udayagiri, 08.08.22282250root and tuber crops Kandhamal district2Crop diversification throughMohana, 09.08.22044650root and tuber crops Gajapati  district3Crop diversification throughKVK, Semiliguda, 10.08.22321850root and tuber crops Koraput district4Crop diversification throughGunjiguda, 11.08.22262450root and tuber crops Koraput district5Crop diversification throughBadapeta, Lamtaput12.08.22222850root and tuber crops block, Koraput dist.6Crop diversification throughTolanagada, Sukinda06.09.22183250root and tuber crops block, Jajpur district7Crop diversification throughBenagudia, Kuliana12.09.22222850root and tuber crops block, Mayurbhanjdistrict8Value addition of tuber cropsGrasingia, G.Udayagiri19.11.22222850Kandhamal district9Value addition of tuber cropsPunjasargi, Mohana,20.11.22084250Gajapati district10Value addition of tuber cropsBadraguda, Lamtaput,21.11.22222850Koraput district11Value addition of tuber cropsChaugaon, 22.11.22272350Koraput district12Value addition of tuber cropsGunjiguda, 23.11.22272350Koraput district13Tuber crops Harvest DayPunjasargi, Mohana,22.12.222476100Gajapati districtTotal (a) 282418700
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2023-2414Tuber crops productionMohana, Gajapati05.05.2306060and value addition to 06.05.2315Tuber crops productionMohana, Gajapati25.05.2303030and value addition to 26.05.2316Crop diversification throughJhudoambha, Mohana,20.08.2365258root and tuber crops Gajapati17Crop diversification throughDalapada, Khajuri 21.08.23124557root and tuber crops pada, Kandhamal18Crop diversification throughBadapeta, Lamtaput28.09.23381250root and tuber crops block, Koraput district19Crop diversification throughPukali, Pottangi, 29.09.23176077root and tuber crops Koraput20Value addition in tuber cropsPunjasargi, Mohana,02.12.23255580Gajapati district21Value addition in tuber cropsGortili, Bissam 03.12.23106070Cuttack, Rayagada22Value addition in tuber cropsPukali, Pottangi, 23.12.2366066Koraput district23Value addition in tuber cropsPeta, Lamtaput block,24.12.23143650Koraput district24Production and valueKVK, Rastaguntubai,19.01.24235275addition in tuber crops Manyam district, A.P.25Value addition and Regional Centre of26.02.2426935entrepreneurship ICAR-CTCRI, todevelopment in tuber cropsBhubaneswar 01.03.24Total (b) 177531708Grand total (a+b) 4599491408
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Photo 52. Training programme at Benagudia, Mayurbhanj district on 12.09.22Photo 53. Training programme at Jhudoambo, Gajapati district on 20.08.23
Photo 54. Training programme at Dalapada, Kandhamal district on 21.08.23
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Photo 55. Training programme at Pukali, Koraput district on 29.09.23
Photo 56. Honey bee (Apis ceranaindica) training for Gajapati districttribal farmers on 29-02-2024 Photo 57. Paddy straw mushroomtraining for Gajapati district tribalfarmers on 01-03-20247.2. Tuber crops harvest dayThe Regional Centre of ICAR-CTCRI has organized tuber crops 'Harvest Day' atPunjasargi (village), Mohana (Block), Gajapati (district), Odisha on 22.12.2022 (Photo 58).Dr. M.N. Sheela, Director, ICAR-CTCRI, Thiruvananthapuram, Dr. K. Laxminarayana, PrincipalScientist & Scientist In-charge, Regional Centre of ICAR-CTCRI, Bhubaneswar,Dr. M. Nedunchezhiyan, Principal Scientist & Organizing Secretary, Shri Karunakar Paik,
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Horticultural Oversear, Mohana, Gajapati, Officials from PREM (NGO) and more than 70tribal farmers were participated in the tuber crops 'Harvest Day'. On the outset, Dr. K.Laxminarayan welcomed the dignitaries and tribal farmers and gave brief introduction abouttuber crops and their important role in food production under climate change. Shri D. SivaPrasad Acharya, Project Manager, PREM, Gajapati explained to the tribal farmers theimportance of tuber crops and facilitation work under taken by PREM NGO in Punjasargivillage. Dr. M. Nedunchezhiyan briefed about tuber crops activities under-taken under TribalSub Plan (TSP) in Gajapati district and particularly at Punjasargi village. He has explainedabout probable yield from greater yam, biofortified sweet potato varieties, yam bean,cassava, elephant foot yam and colocasia based on their growth. He further elaboratedvegetable seed distribution and cultivation under TSP in this village. Shri Karunakar Paikenumerated the work under-taken by the Department of Horticulture in Punjasargi village.He highlighted lemon grass cultivation and oil distillation unit established in this village. Healso explained vegetable seed distribution and cultivation in this village. Dr. M.N. Sheela,Director stressed the importance of food and nutrition to keep Covid and other illness away.She also explained that tuber crops are rich treasures of minerals and vitamins. She hasassured the farmers to provide all the support for their upliftment of livelihoods. She gavethree sets of small agricultural implements (crowbar, pick-axe and Hoe) to three bestfarmers. She also distributed dress materials to tribal children. Further, she asked Head,Regional Centre of ICAR-CTCRI to provide immediately spawn for mushroom cultivation,small implements and sprayers and chicks to the tribal farmers under TSP. The farmersexpressed their happiness over implementation of livelihood activities by ICAR-CTCRI withthe facilitation of PREM (NGO) and Department of Horticulture in their village. Shri U.Rajendra Dora, Programme Co-ordinator, PREM (NGO), Gajapati  proposed vote of thanksand the programme was concluded at 1.00 PM.Then the Director and team visited Smt. Sarajani Sabar field to harvest the tuber crops.The bio-fortified sweet potato, yam bean, colocasia, elephant foot yam, greater yam and cassavawere harvested and the samples were sown to the tribal farmers and other visitors. The yieldof the above crops was very good. Then we visited nutri-garden, where vegetables are grown.They are growing eight number of vegetables which were given by ICAR-CTCRI. One cycle ofamaranthus was already harvested. The crop conditions were very good. The farmers werevery happy and expressed that they will cultivate tuber crops more area next season andthey requested marketing assistance. The Director assured that all the facilities will be givento them.
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Dr. M.N. Sheela discussing with Tribal farmersin tuber crops Harvest Day at Punjasargivillage, Mohana block, Gajapati district Dr. M. Nedunchezhiyan delivering talk in tubercrops Harvest Day at Punjasargi village,Mohana block, Gajapati districtDr. M.N. Sheela distributing small agriculturalimplements to tribal farmers during tubercrops Harvest Day at Punjasargi village,Mohana block, Gajapati district Dr. M.N. Sheela distributing dress materials totribal children during tuber crops Harvest Dayat Punjasargi village, Mohana block, GajapatidistrictPhoto 58. Tuber crops harvest day on 22.12.227.3. Kisan diwasThe Regional Centre of ICAR-CTCRI has organized 'Kisan Diwas' at Punjasargi(village), Mohana (Block), Gajapati (district), Odisha on 23.12.2022 (Photo 59). Dr. M.N.Sheela, Director, ICAR-CTCRI, Thiruvananthapuram, Dr. K. Laxminarayana, PrincipalScientist & Scientist In-charge, Regional Centre of ICAR-CTCRI, Bhubaneswar, Dr. M.Nedunchezhiyan, Principal Scientist & Organizing Secretary, Shri Karunakar Paik,Horticultural Oversear, Mohana, Gajapati, Officials from PREM (NGO) and more than 70tribal farmers were participated in the Kisan Divas. On the outset, Dr. K. Laxminarayanwelcomed the dignitaries and tribal farmers and gave brief introduction about Kisan Divas
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and tuber crops. Dr. M. Nedunchezhiyan briefed about tuber crops activities under-takenin various schemes, particularly under Tribal Sub Plan (TSP) in Gajapati district andparticularly at Punjasargi village. He has explained about yield obtained and income realizedby the tribal farmers in greater yam, biofortified sweet potato varieties, yam bean, cassava,elephant foot yam and colocasia. He further elaborated vegetable seed distribution andcultivation under TSP in this village. Shri Karunakar Paik enumerated the work under-takenby the department of Horticulture in Punjasargi village. He highlighted lemon grasscultivation and oil distillation unit established in this village. He also explained vegetableseed distribution and cultivation in this village. Dr. M.N. Sheela, Director stressed theimportance of food and nutrition to keep Covid and other illness away. She also explainedthat tuber crops are rich treasures of minerals and vitamins. She has assured the farmersto provide all the support for their upliftment of livelihoods. She asked Head, Regional Centreof ICAR-CTCRI to provide immediately spawn for mushroom cultivation, small implementsand sprayers and chicks to the tribal farmers under TSP. The farmers expressed theirhappiness over implementation of livelihood activities by ICAR-CTCRI, PREM, departmentof Horticulture and Agriculture in last two years in their village. Shri Rajendra Dora, FieldOfficer, PREM proposed vote of thanks and the programme was concluded at 2.00 PM.Dr. M.N. Sheela discussing with Tribal farmersin Kisan Diwas at Punjasargi village Dr. M. Nedunchezhiyan delivering talk in KisanDiwas at Punjasargi villagePhoto 59. Kisan Diwas on 23.12.227.4.Tuber crops day7.4.1.Year 2022-23The Regional Centre of ICAR-Central Tuber Crops Research Institute, Bhubaneswaralong with PREM (NGO) organized 'Tuber crops day' on 18.01.23 at Dimiripongala village,Mohana block, Gajapati district (Photo 60). Dimiripongala is a model village and free fromalcohol consumption. Dr. N.K. Krishna Kumar, former DDG (Hort), ICAR, Bangalore, Chief
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Guest of the function and M.N. Sheela, Director, ICAR-CTCRI, Thiruvananthapuram planteda tree plant each in the village and inaugurated 'Community Washing Centre' and dedicatedto Dimiripongala village. Then, Dr. N.K. Krishna Kumar inaugurated Exhibition whereintribal farmers exhibit various products of tuber crops, millets, cereals, pulses, vegetables,honey etc. They also exhibited models of nutria-gardens (circular model, rectangular modeland model for landless farmers). Mr. Siva prasad Acharya, Project manager, PREM (NGO)anchored the 'Tuber crops day' programme. Dr. K. Laxminarayana, Head, Regional Centreof ICAR-CTCRI, Bhubaneswar welcomed the delegates and tribal farmers and spoke aboutRegional Centre of ICAR-CTCRI activities and importance of root and tuber crops in foodand nutrition.Dr. M. Nedunchezhiyan, Principal Scientist & PI (TSP), Regional Centre of ICAR-CTCRI, Bhubaneswar has given brief about TSP activities in Odisha and specially in Gajapatidistrict. In Gajapati district we have adopted 100 tribal farmers and distributed varioustuber crops planting materials (Greater yam, elephant foot yam, taro, biofortified sweet potatovarieties Bhu Sona and Bhu Krishna, yam bean, cassava), vegetable seeds, small implements(crow-bar, sickle, pick-axe, spade, sprayer and hand-hoe) for reducing drudgery in fieldoperations and also chicks (10 nos. each farmers) were distributed to reduce malnutritionand livelihood improvement.Dr. M.N. Sheela, Director, ICAR-CTCRI gave presidential address on 'Role of root andtuber crops in livelihood improvement'. She also advised PI, TSP to distribute pumpsett tothe tribal farmers for lift irrigation. She wished that few doctors should come out fromthese tribal villages. Dr. N.K. Krishna Kumar, Dr. M.N. Sheela and Mr. Jacob Thundyildistributed best tuber crops farmers award to five tribal farmers and five best tuber cropsexhibits to the tribal farmers. Few number of tribal women farmers spoke about benefitsaccrued by them through TSP project . They expressed that their l ivelihood is increaseddue to tuber crops intervention along with vegetable and poultry farming. Dr. N.K. KrishnaKumar spoke about importance of tuber crops and livelihood of tribal farmers. He alsostressed holistic development of villages through TSP. Mr. Jacob Thundyil, President, PREM(NGO) briefed about model village of Dimiripongala. It is alcohol free village havingcommunity computer center, solar lights, toilets for each household and education for allthe children. He appreciated the contribution made by ICAR-CTCRI through TSP project. Healso requested that next year TSP should be covered 500 tribal farmers in Gajapati district.In between the programme the tribal farmers recited tribal songs and also danced to therhythm. Mr. Rajendra Dora, PREM, Project Co-ordinator proposed vote of thanks.
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Tuber crops dayDr. T. Jacob, Dr . N.K. Krishna Kumar,Dr. M.N. Sheela, M. Nedunchezhiyan andDr. K. Laxminarayana in tuber crops dayDelegates inspecting tubers Delegates inspecting nutri-garden modelDr. M. Nedunchezhiyan addressing in tuber cr ops dayDr. M.N. Sheela addressing in tuber crops dayPhoto 60. Tuber crops day on 18.01.23 at Dimiripongala7.4.2.Year 2023-24A tuber crops day was organized on 31.01.2024 at Koradapongala, Mohana Block,Gajapati District, Odisha (Photo 61). Dr. M. Nedunchezhiyan, Principal Scientist, Dr. V.B.S.Chauhan, Scientists and Dr. R. Arutselvan, Scientist organized this programme. Dr. James
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George, former Director, ICAR-CTCRI, Thiruvananthapuram was the Chief Guest for thefunction inaugurated Exhibition wherein tribal farmers exhibit various products of tuber crops,millets, cereals, pulses, vegetables, honey etc. They also exhibited models of nutri-gardens(circular model, rectangular model and model for landless farmers). Mr. Dasarathi Gomango,MLA, Mohana constitutency, Dr. Jacob Thundyil, President, PREM (NGO) and Dr. S.K. Das,DDH, Gajapati district were Guest of Honour for the function. Mr. Gopinath Sahu, HEW,Chandragiri, Mr. Mosa Majhi, Sarpanch, Birikote GP, Mr. Nathana Sabara, Samiti member,Birikote GP, Mr. Paula Dalabehera, Nayab Sarpanch, Birikote, GP and Mr. Ratan Mishra, PublicRelation Officer, PREM were invited speakers.  Around 1000 tribal farmers participated inthe tuber crops day. Mr. Siva prasad Acharya, Project manager, PREM (NGO) welcomed thedelegates and tribal farmers.Dr. M. Nedunchezhiyan, Principal Scientist & PI (TSP), Regional Centre of ICAR-CTCRI, Bhubaneswar has given brief about TSP activities in Odisha and specially in Gajapatidistrict. In Gajapati district, CTCRI has adopted 200 tribal farmers and distributed varioustuber crops planting materials (Greater yam, elephant foot yam, taro, biofortified sweet potatovarieties Bhu Sona and Bhu Krishna, yam bean, cassava) and vegetable seeds. Smallimplements (crow-bar, sickle, pick-axe, spade, hand-hoe, power weeder and water pump)were also distributed to the tribal farmers for reducing drudgery in field operations. Sonalibreed chicks 2000 number (10 nos. for each farmers) were also distributed to the tribalfarmers for reducing malnutrition and improving livelihood. Mr. Mosa Majhi, Sarpanch,Birikote GP, Mr. Nathana Sabara, Samiti member, Birikote GP and Mr. Paula Dalabehera,Nayab Sarpanch, Birikote, GP spoke about nutritional benefits of tuber crops and tribal andtuber crops relationships.Dr. Jacob Thundyil, President, PREM (NGO) briefed about the PREM organizationroll on education and livelihood improvement of tribal farmers. He appreciated thecontribution made by ICAR-CTCRI through TSP project. He also requested that next yearTSP should be covered 500 tribal farmers in Gajapati district.  In between the programmethe tribal farmers recited tribal songs and also danced to the rhythm. Dr. S.K. Das, DDH,Gajapati district elaborated the importance of tuber crops in income generation and foodsecurity. He also explained horticultural schemes available for farmers. Shri DasarathiGomango, MLA, Mohana constitutency, highlighted the role played by tuber crops duringfamine and famine like situations. He shared his childwood experience with tuber cropscollection from forest. He explained nutritional as well as medicinal benefits of various tubercrops that are available in Mohana, Gajapati district. Dr. James George, Shri DasarathiGomango, Dr. S.K. Das, Dr. M. Nedunchezhiyan and Dr. Jacob Thundyil distributed best tubercrops farmers award to ten tribal farmers and ten best tuber crops exhibits to the tribalfarmers. Few number of tribal women farmers spoke about benefits accrued by themthrough TSP project. They expressed that their livelihood is increased due to tuber crops



Biennial Report ofTribal Sub-Plan 2022-24ICAR-Central Tuber Crops Resear ch Institut eRegional Station, Bhubaneswar, Odisha
[ 59 ]

intervention along with vegetable crops and poultry farming. Dr. James George spoke aboutimportance of tuber crops and livelihood of tribal farmers. He also stressed holisticdevelopment of villages through TSP. He highlighted importance of organic way of tuber cropscultivation. He stressed the need of value addition of tuber crops at farm level for higher incomegeneration. Mr. Rajendra Dora, PREM, Project Co-ordinator proposed vote of thanks.Dr. James George inspecting farming systemmodel exhibited in the venueTribal women farmers expressing the benefitsof tuber crops cultivationParticipantsDr. S.K. Das, DDH, Gajapati district addressingthe gatheringDr. James George addressing the gathering Shri Dasarathi Gomango, MLA, Mohanaconstitutency addressing the gatheringPhoto 61. Tuber crops day on 31.01.24 at Koradapongala
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8. Results of demonstrationsAs the beneficiaries were tribal farmers, as per guidelines of Indian Council ofAgricultural Research (ICAR), tribal dominated districts were selected. Before selectingbeneficiaries, discussion was carried out with Kisan Vigyan Kendra’s (KVKs), Directorateof Horticulture and Agriculture and NGOs who were working in tribal areas of Odisha andAndhra Pradesh states. Front-l ine demonstrations (FLDs) on tuber crops and tuber cropsinvolving integrated farming system technologies were laid out in the field after selectingthe beneficiaries (Photo 62, 63, 64, 65, 66, 67, 68, 69 and 70). Year-wise and state-wisenumber of beneficiaries were given the Table 6. A total of 750 (Odisha-740 and AndhraPradesh-10) tribal farmers were benefitted from the TSP project during the reportingperiod.Table 6. State and year wise number of tribal beneficiaries of tuber crops technologiesStateDistrictBlock VillageNo. ofbeneficiaries2022-23OdishaKoraput SemiligudaCharagaon, Mohanapada82ChougaonKoraput Gunjiguda, Khadadora, 49BarajacholarLamtaput Badapeta, Bandraguda36GajapatiMohana Punjasaragi, Dumiguda100Adapanka, SulagudaBalapanka, KharigudaJodaambo, KantasaruKusumpur, RajapurKandhamalG. UdayagiriK.Nuagaon, G.Udayagiri 50RaikiaMayurbhanjKuliana Katharuma, Benagudia 75KukudakhumpiJajpur SukindaNagada 48Total (a) 4402023-24OdishaGajapatiMohana Habkaponka, Rajansahi 200Kumbharsahi, BhakiagudaNaranpur, AnjaliBhurudi, KaradaponkalRajabasa, Raikhola
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Bhaliasahi, PunjasargiJudamba, ChanchhadapalliBachiponka, BalaponkaKutama, SarkaBurugunda, PahidimaBudhanildi, JodoamboKoraput Pottangi Karanjaguda, Lingamguda40Sanopathu, KhajurigudaJaniguda, LenjigudaGunthaLamtaput Badapeta, Bondraguda20KandhamalRaikia Gamerikia, Raigada20Gundani, BetikalaTamakabaliKhajuripadaJhampi, DalapadaNaglejy20AndhraManyam ParvathipuramParvathipuram 10Pradesh Rasthaguntabai etcTotal (b) 310Total (a+b) 7508.1. Year 2022-23During 2022-23, 440beneficiaries were selected forlaying out tuber cropsdemonstrations in Odisha.Greater yam (Sree Neelima)-35 demonstrations (1400 kg),elephant foot yam (Gajendra)-5 demonstrations (250 kg),Taro (Mukhtakeshi)-67demonstrations (2050 kg),Sweet potato (Bhu Sona andBhu Krishna)-168demonstrations (505000 vinecuttings), yam bean (RM-1)- Photo 62. Sree Neelima cultivation at Batapeta,Koraput district234 demonstrations (234 kg) and cassava (Sree Jaya and Sree Vijaya)-35 demonstrations(875 stems) were laid-out in tribal farmers fields. The block-wise number of demonstrationswere given in the Table 7. Tuber crops technologies were demonstrated in 32.56 ha. The
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crop-wise demonstrated area was as follows: greater yam 0.7 ha, elephant foot yam 0.05ha, taro 1.34 ha, sweet potato 6.72 ha, yam bean 23.4 ha and cassava 0.35 ha (Table 8).This institute also supplied chicks (Rainbow Rooster)-1770 and vegetable seed kits-285 to275 tribal farmers, who have laid-out tuber crops demonstrations for strengthening foodand nutrition security and augmenting farm income.
Photo 64. Bhu Sona field at Pukali, KoraputdistrictPhoto 63. Sree Neelima field at Katharuma,Mayurbhanj districtTuber crops-based farming system demonstrations (0.2 ha model) were laidout in165 tribal farmers fields covering 33.0 ha. The tuber crops planting materials greater yam(Orissa Elite and Sree Nidhi)-6600 kg, elephant foot yam (Gajendra)-8250 kg, Colocasia/taro (Muktakeshi)-4950 kg, yam bean (RM-1)-66 kg, sweet potato (Bhu Sona and BhuKrishna)-495000 vine cuttings, cassava (Sree Jaya and Sree Vijaya)-4125 stems and maize50 kg were distributed for conducting 165 tuber crops-based farming systemdemonstrations. Forty days old chicks (Rainbow Rooster)-1650 and vegetable seed kits(Amaranthus, bhendi, chill i, cowpea, French bean, tomato, palak and Dolichos seeds)-165numbers were also distributed.  Farmers contributed seeds of paddy/rice-248 kg and ragi-50 kg for the tuber crops-based farming system. The block-wise number of tuber crops-based farming system demonstrations were given in the Table 7.The demonstrations were monitored by regular visiting the fields along with the helpof field staff of KVKs (Similiguda, Koraput; G.Udayagiri, Kandhamal; Baripada, Mayurbhanj)and NGOs (PREM, PRASTUTEE and SOVA). Farmers were advised to spray sixer or saaf1.5 g/litre of water at 60 and 90 days after planting as prophylactic measure collar rotdisease of elephant foot yam. Similarly, one protective spray with mancozeb (0.2%) at 45days after planting followed by one more spray with metalaxyl (0.05%) at 60 days afterplanting in in colocasia/taro against leaf blight disease, Sex pheromone traps were installedwhere sweet potato weevil infestation is severe. However, farmers were adivised to carrying



Biennial Report ofTribal Sub-Plan 2022-24ICAR-Central Tuber Crops Resear ch Institut eRegional Station, Bhubaneswar, Odisha
[ 63 ]

out earthing-up at 60 and 90 days after planting. Farmers were also advised to harvest thesweet potato as soon as cracks in the soil is noticed to prevent weevil infestation.Dr. M. Nedunchezhiyan, Principal Scientist, Regional Station of ICAR-CTCRI,Bhubaneswar visited Benagudia and Katharuma villages, Kuliana block, Mayurbhanj districton 27.06.22 for monitoring tuber crops demonstrations. Dr. M. Nedunchezhiyan visitedKusumpur, Rajpur and Punjasargi villages, Mohana block, Gajapati district on 10.07.22;Upper Nagada, Madhya Nagada and Tola Nagada villages, Sukinda block, Jajpur district on12.07.22 along with Smt. Alaka Aich, Utkalika samiti and a staff of Odisha Livelihood Mission(OLM); Khirajola and Kusum villages, Pottangi block, Koraput district on 13.08.22;Katharuma village, Kuliana block, Mayurbhanj district on 26.08.22 along with Dr. SangamitraPattanayak, Head, KVK, Baripada, Mayurbhanj district; Upper Nagada, Madhya Nagada andTola Nagada villages, Sukinda block, Jajpur district on 29.08.22 and 06.09.22 along withSmt. Alaka Aich, Utkalika samiti and a staff of OLM for monitoring tuber cropsdemonstrations. On 12.09.22, Dr. M. Nedunchezhiyan along with Dr. Sangamitra Pattanayak,Head, KVK, Baripada, Mayurbhanj district monitored tuber crops demostrations atKatharuma and Benagudia villages, Kuliana block, Mayurbhanj district. Dr. M.Nedunchezhiyan visited Punjasargi villages, Mohana block, Gajapati district on 14.09.22and Chaugoan village, Semiliguda block, Koraput district on 16.09.22 for monitoring tubercrops demonstrations. On 30.10.22, Dr. M. Nedunchezhiyan monitored tuber cropsdemonstrations and nutria-gardens at Patragada, Punjasragi and Dumiguda villages, Mohanablock, Gajapati district. On 02.11.22 at Katharuma and Benagudia villages, Kuliana block,Mayurbhanj district nutrigarden and tuber crops demonstrations were monitored by Dr.
Photo 65. Bhu Krishna field at Pukali, Koraputdistrict

M. Nedunchezhiyan along withSangamitra Pattanayak, Head, KVK,Baripada, Mayurbhanj district. Dr. M.Nedunchezhiyan along with Smt. AlakaAich, Utkalika samiti and a staff ofOLM visited Upper Nagada, MadhyaNagada and Tola Nagada villages,Sukinda block, Jajpur district on03.11.22 for monitoring tuber cropsdemonstrations and nutrigardens. On11.11.22, Dr. M. Nedunchezhiyan andDr. Kalidas Pati, Senior Scientistvisited Punjasragi village, Mohanablock, Gajapati district and monitored
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tuber crops and nutrigarden demonstrations. Dr. M. Nedunchezhiyan visited Badapeta andBandraguda villages, Lamtaput block Koraput on 12.11.22; Chaugoan, Semiliguda block,Koraput district on 13.11.22; Grasingia village, G.Udayagiri, Kandhamal district; Punjasragivillage, Mohana block, Gajapati district on 17.02.23 for monitoring tuber cropsdemonstrations and nutrigardens.
Photo 67. Yam bean deflowering atChaugoan, Koraput districtPhoto 66. Kishan field at Pukali, KoraputdistrictTable 7. Number of tuber crops demonstration in block-wiseBlocks Number of demonstrationsGreaterElephantTaroSweetYamCassavaTuberTotalyamfoot yam potatobean crops-basedfarmingsystemSemiliguda00102041541117Koraput 0010102552474Lamtaput 00551851851Mohana 20 520255010 50180G.Udayagiri 00520500075Kuliana 00104043532130Sukinda15 074875082Total 35 56716823435 165709
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The results of the demonstrations revealed that greater yam registered average tuberyield of 23.4 t/ha, whereas elephant foot yam recorded tuber yield of 23.5 t/ha (Table 8).The tuber yield of other crops was as follows: taro 20.2 t/ha, sweet potato 13.6 t/ha, yambean 21.3 t/ha and cassava 17.2 t/ha (Table 8).Table 8. Crop wise area demonstrated, yield and productivityThe Table 9 revealed that greater yam registered gross income Rs 351000/ha, netincome Rs 186000/ha and B:C ratio 2.13. Elephant foot yam recorded gross incomeRs 352500/ha, net income Rs 167500/ha and B:C ratio 1.91. Taro registered gross incomeRs 303000/ha, net income Rs 172400/ha and B:C ratio 2.32. Sweet potato recorded grossincome Rs 204000/ha, net income Rs 121100/ha and B:C ratio 2.46. Yam bean registeredgross income Rs 324000/ha, net income Rs 223000/ha and B:C ratio 3.21. Cassavarecorded gross income Rs 172000/ha, net income Rs 94400/ha and B:C ratio 2.22. Sujaand Nedunchezhiyan (2018) reported that crop diversification with tropical tuber cropsassured food and nutrition security.Crop Number of Area ofTotal areaYield/Yield/hademonstrationsdemonstrationcovereddemonstration(t/ha)(ha) (ha) (kg)Greater yam 35 0.02 0.7 468 23.4Elephant 50.01 0.05 235 23.5foot yamTaro67 0.02 1.34 404 20.2Sweet potato168 0.04 6.72 544 13.6Yam bean 234 0.1 23.4 2130 21.3Cassava35 0.01 0.35 172 17.2Total 544 -32.56 -
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Table 9. Crop wise economics of tuber cropsCrop Gross Cost of Cultivation NetB:C ratioincome (Rs/ha)income(Rs/ha) (Rs/ha)Greater yam 351000 165000 186000 2.13Elephant foot yam352500 185000 167500 1.91Taro303000 130600 172400 2.32Sweet potato204000 82900121100 2.46Yam bean 324000 101000 223000 3.21Cassava172000 7760094400 2.22*Sale price of greater yam Rs 15/kg, elephant foot yam Rs 15/kg, colocasia Rs 15/kg, sweetpotato Rs 15/kg, yam bean Rs 15/kg, cassava Rs 10/kg.Rice is the major staple food cropin tribal areas. Prior to intervention oftuber crops-based farming system, theaverage rice yield was 2975 kg/ha(Table 10). The rice yield for 0.2 ha was595 kg. The gross return, net reurn andB:C ratio were Rs 11900, Rs 3900 and1.49 respectively for 0.2 ha withemployment generation of 53 man-days.
Photo 70. Cassava (Sree Jaya) field atNagada (Juang tribe), Jajpur districtPhoto 69. Greater yam cultivation atNagada, Jajpur district
Photo 68. Greater yam cultivation atPunjasargi, Gajapati district



Biennial Report ofTribal Sub-Plan 2022-24ICAR-Central Tuber Crops Resear ch Institut eRegional Station, Bhubaneswar, Odisha
[ 67 ]

Table 10. Crop yield and economics prior to intervention Crops/OtherAreaYieldGrossCost of NetB:CEmploymentcomponents(ha)(kg)incomecultivationincomeratioGeneration(Rs) (Rs) (Rs) (Man days)Rice 0.2595119008000 39001.49 53*Sale price of rice Rs 20/kg,In tuber crops-based farming system demonstrations (0.2 ha), the crop component(Photo 71, 72, 73, 74, 75, 76, 77, 78 and 79) average yield was as follows (Table 11): riceyield was 103 kg (3430 kg/ha), ragi yield was 39 kg (1300 kg/ha), greater yam+maizeintercropping greater yam and maize yield were 412 (20600 kg/ha) and 86 kg (4300 kg/ha), respectively, elephant foot yam tuber yield was 260 kg (26000 kg/ha), taro tuber yieldwas 432 kg (21600 kg/ha), sweet potato tuber yield was 504 kg (12600 kg/ha), yam beantuber yield was 905 kg (22625 kg/ha) and cassava tuber yield was 176 kg (17600 kg/ha).The rabi season vegetable cultivation resulted in yield of 225 kg (22500 kg/ha) (Table 11).The tuber crops-based farming system (0.2 ha model) recorded average crop yield of 3142kg, and meat yield of 21 kg with 186 eggs from the poultry birds. Prior to the interventions,the gross income of the farmer was Rs 59500/ha with B:C ratio of 1.49 (Table 12). Theemployment generation was 265 man-days/ha and distributed in six months only (Fig. 1).After intervention of 0.2 ha tuber crops-based farming system model, gross income of thefarmer was Rs 266075/ha with B:C ratio of 2.58 (Table 12). The employment generationwas 515 man-days/ha. Farming system involving tuber crops (0.2 ha model) generatedadditional 250 man-days/ha over before intervention. The tuber crops-based farmingsystem was managed by the own family labourers and the employment was distributedthrough-out the year (12 months) (Fig. 2). Nedunchezhiyan et al. (2018c) reported thattuber crops-based farming system generate more employement and distributed through-out the year.
Photo 71. Tuber crops-based farmingsystem at Punjasargi, Gajapati district Photo 72. Tuber crops-based farmingsystem at Punjasargi, Gajapati district
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Table 11. Component-wise yield and economics of tuber crops-based farming system (0.2 haSl .Crop/ AreaYieldGrossCost ofNetB:CEmploymentNo.animal (ha)(kg)Incomecultivationincomeratiogeneration(Rs) (Rs) (Rs) (man-days)1Rice 0.0310320601200 8601.72 83Ragi 0.0339780 3004802.60 25Greater 0.0243274703200 42702.33 16yam+maize +666Elephant foot yam0.0126039001600 23002.44 108Taro0.0243264802800 36802.31 14Sweet potato0.0450475603200 51602.36 15Yam bean 0.04905135754150 94253.27 1810Cassava0.011761760 65011102.71 311(Amaranthus,0.0122545002000 25002.25 10bhendi, radish,cowpea, Frenchbean, tomato,onion andDolichos seeds)12Backyard1021+18642001500 36303.42 7poultry Nos.eggs+930Total 0.23142+5321520600326152.58 10321+186eggsSale price: Rice Rs 20/kg; Ragi Rs 20/kg; Sweet potato Rs 15/kg; Yam bean Rs 15/kg;Greater yam Rs 15/kg; Colocasia Rs 15/kg; Elephant foot yam Rs 15/kg; Cassava Rs 10/kg, Vegetables Rs 20/kg; Meat Rs 200/kg; Egg Rs 5/egg.
Photo 73. Bhu Krishna harvested at Pukali,Koraput district Photo 74. Cassava and yam bean harvestedat Punjasargi, Gajapati district
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In general , the introduced improved varieties of tuber crops produced higher yieldthan local cultivars especially sweet potato, taro and greater yam. The higher farmproductivity increased the farm production. The quantity of roots and tubers available forhousehold consumption and sell ing was increased due to higher productivity. Householdfood and nutritional security was enhanced through increased availability, accessibilityand util ization of nutritionally rich roots and tubers by the family members. Lenka et al.(2013) reported that tuber crops improved food and nutrition security and livelihoods ofmarginal and poor farmers in disadvantaged district of Odisha.Table 12. Economics on per-hectare basis before and after intervention of tuber crops-based farming system (0.2 ha model)Inter-componentsGrossCost ofNetB:CEmploymentDistributionvention incomecultivationincomeratioGenerationof labours(Rs/ha)(Rs/ha)(Rs/ha) (Days)(no. months)BeforeRice 5950040000195001.49 265 6AfterTuber crops-2660751030001630752.58 515 12based farmingsystem
Fig. 1. Employment distribution beforeintervention (265 man-days/ha) Fig. 2. Employment distribution afterintervention (515 man-days/ha)
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Photo 75. Yam bean harvested atKatharuma, Mayurbhanj district Photo 76. Greater yam harvested atPunjasargi, Gajapti district
Photo 77. Puple flesh Sree Neelima harvestedat Judoambo, Gajapti district Photo 78. Vegetables harvested by tribalwomen at Punjasargi, Gajapti district
Photo 79a. Tomato harvested at Punjasargi,Gajapti district Photo 79b. Sweet potato harvested atPunjasargi, Gajapti district
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8.2. Year 2023-24During 2023-24, 300 beneficiaries were selected for laying out tuber cropsdemonstrations in Odisha and 10 beneficiaries were selected from Andhra Pradesh. Greateryam (Orissa Elite)-25 demonstrations (2000 kg), Sweet potato (Bhu Sona and Bhu Krishna)-160 demonstrations (130000 vine cuttings), yam bean (RM-1)-120 demonstrations (120kg) and cassava (Sree Jaya and Sree Vijaya)-210 demonstrations (7000 stems) were laid-out in tribal farmers fields (Photo 80, 81 and 82). The block-wise number of demonstrationswere given in the Table 13. Tuber crops technologies were demonstrated in 31.1 ha. Thecrop-wise demonstrated area was as follows: greater yam 1.0 ha, sweet potato 16.0 ha,yam bean 12.0 ha and cassava 2.1 ha (Table 14).Tuber crops-based farming system demonstrations (0.2 ha model) were laidout in200 tribal farmers fields covering 40.0 ha. The tuber crops planting materials greater yam(Orissa Elite)-8000 kg, elephant foot yam (Gajendra)-8000 kg, Colocasia/taro (Muktakeshi)-2400 kg, yam bean (RM-1)-80 kg, sweet potato (Bhu Sona and Bhu Krishna)-800000 vinecuttings and cassava (Sree Jaya and Sree Vijaya)-6000 stems were distributed for conducting200 tuber crops-based farming system demonstrations. Forty days old chicks (Sonali)-2000nos. and vegetable seed French bean-100 kg and long bean 25 kg were also distributed.Farmers contributed seeds of paddy/rice-300 kg, maize 60 kg and ragi-60 kg for the tubercrops-based farming system. The block-wise number of tuber crops-based farming systemdemonstrations were given in the Table 13.The demonstrations were monitored by regular visiting the fields along with the helpof field staff of NGOs (PREM, PRASTUTEE and SOVA). Farmers were advised to spray sixeror saaf 1.5 g/litre of water at 60 and 90 days after planting as prophylactic measure collarrot disease of elephant foot yam. Similarly, one protective spray with mancozeb (0.2%) at45 days after planting followed by one more spray with metalaxyl (0.05%) at 60 days afterplanting in in colocasia/taro against leaf blight disease, Sex pheromone traps were installedwhere sweet potato weevil infestation is severe. However, farmers were adivised to carryingout earthing-up at 60 and 90 days after planting. Farmers were also advised to harvest thesweet potato as soon as cracks in the soil is noticed to prevent weevil infestation.Dr. M. Nedunchezhiyan visited Gamerikia, Sugadabadi, Gumamaha and Bruhabadivillages, Raikia block, Kandhamal district on 10.08.23 for monitoring tuber cropsdemonstrations. On 20.08.23 at Jhudambho village, Mohana block, Gajapati district and on21.08.23 at Dalapada village, Khajuripada block, Kandhamal district, Dr. M. Nedunchezhiyanvisited and monitored tuber crops demonstrations. Dr. M. Nedunchezhiyan along with Dr.Srinivasa Raju, SMS (Hort.), KVK, Rastaguntabai, Manyam district, Andhra Pradesh
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monitored tuber crops demonstrations at Kurupam, Parvathipuram and Rasthaguntabaivillages, Manyam district, Andhra Pradesh on 27.09.23. On 28.09.23 at Badapeta village,Lamtaput block, Koraput district and on 29.09.23 at Pukali village, Pottangi block, Koraputdistrict, Dr. M. Nedunchezhiyan visited and monitored tuber crops demonstrations. Dr. M.Nedunchezhiyan visited Punjasragi and Dimiripongala villages, Mohana block, Gajapatidistrict on 25.12.23 for monitoring tuber crops demonstrations and nutrigardens.The results of the demonstrations revealed that greater yam registered average tuberyield of 25.6 t/ha. The average tuber yield of sweet potato, yam bean and cassava were12.2 t/ha, yam bean 20.4 t/ha and 16.8 t/ha, respectively.Table 14. Crop wise area demonstrated, yield and productivityCrop Number of Area of Total areaYield/Yield/hademonstrationsdemonstrationcovereddemonstration(t/ha)(ha) (ha) (kg)Greater yam 25 0.04 1.0 1024 25.6Sweet potato160 0.1 16.0 1220 12.2Yam bean 120 0.1 12.0 2040 20.4Cassava210 0.01 2.1 168 16.8Total 515 -31.1 -

Table 13. Number of tuber crops demonstration in block-wiseBlocks Number of demonstrationsGreaterSweetYamCassavaTuber crops-Totalyampotatobean based farmingsystemOdisha stateSemiliguda04040 40 0120Lamtaput 02020 20 060Mohana 25 5050100 200 425Khajuripada02010 20 050Raikia 020020 040Andhra PradeshParvathipuram 010010 020Total 25160 120210 200 715
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The Table 15 revealed that greater yam registered gross income Rs 384000/ha, netincome Rs 217000/ha and B:C ratio 2.30. Sweet potato recorded gross income Rs 183000/ha, net income Rs 101500/ha and B:C ratio 2.25 (Table 15). Yam bean registered grossincome Rs 306000/ha, net income Rs 205900/ha and B:C ratio 3.06. Cassava recordedgross income Rs 168000/ha, net income Rs 90800/ha and B:C ratio 2.18 (Table 15).Table 15. Crop wise economics of tuber cropsCrop Gross incomeCost of cultivationNet incomeB:C ratio(Rs/ha) (Rs/ha) (Rs/ha)Greater yam 384000 167000 217000 2.30Sweet potato183000 81500 101500 2.25Yam bean 306000 100100 205900 3.06Cassava168000 77200 90800 2.18*Sale price of greater yam Rs 15/kg, sweet potato Rs 15/kg, yam bean Rs 15/kg, cassavaRs 10/kg.Rice is the major staple food crop in tribal areas. Prior to intervention of tuber crops-based farming system, the average rice yield was 3025 kg/ha. The rice yield for 0.2 ha was605 kg (Table 16). The gross return, net reurn and B:C ratio were Rs 12100, Rs 4100 and1.51 respectively for 0.2 ha with employment generation of 51 man-days (Table 16).Table 16. Crop yield and economics prior to interventionCrop/Other AreaYieldGrossCost of NetB:CEmploymentcomponents(ha)(kg)Incomecultivationincomeratiogeneration(Rs) (Rs) (Rs) (man-days)Rice 0.260512100 8000 41001.51 51*Sale price of rice Rs 20/kg.In tuber crops-based farming system demonstrations (0.2 ha), the crop component(Photo 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93 and 94) average yield was as follows: riceyield was 94 kg (3133 kg/ha), ragi yield was 36 kg (1200 kg/ha), greater yam+maizeintercropping greater yam and maize yields were 491 (24550 kg/ha) and 59 kg (2950 kg/ha), respectively, elephant foot yam tuber yield was 214 kg (21400 kg/ha), taro tuber yieldwas 404 kg (20200 kg/ha), sweet potato tuber yield was 512 kg (12800 kg/ha), yam beantuber yield was 856 kg (21400 kg/ha) and cassava tuber yield was 170 kg (17000 kg/ha).The rabi season vegetable cultivation resulted in yield of 212 kg (21200 kg/ha) (Table 17).
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The tuber crops-based farming system (0.2 ha model) recorded average crop yield of 3048kg, and meat yield of 18.4 kg with 178 eggs from the poultry birds. Prior to the interventions,the gross income of the farmer was Rs 60500/ha with B:C ratio of 1.51 (Table 18). Theemployment generation was 255 man-days/ha and distributed in six months (Fig. 3). Afterintervention of 0.2 ha tuber crops-based farming system model, gross income of the farmerwas Rs 255750/ha with B:C ratio of 2.55 (Table 18). The employment generation was 475man-days/ha. Farming system involving tuber crops (0.2 ha model) generated additional220 man-days/ha over before intervention. The tuber crops-based farming system wasmanaged by the own family labourers and the employment was distributed through-outthe year (12 months) (Fig. 4).Table 17. Component-wise yield and economics of tuber crops-based farming system(0.2 ha)Sl .Crop/ AreaYieldGrossCost ofNetB:CEmploymentNo.animal (ha)(kg)Incomecultivationincomeratiogeneration(Rs) (Rs) (Rs) (man-days)1Rice 0.039418801100 7801.71 53Ragi 0.0336720 3004202.40 25Greater yam+maize0.02491+5982503300 49502.50 166Elephant foot yam0.0121432101500 17102.14 88Colocasia 0.0240460602700 33602.24 13Sweet potato0.0451276803000 46802.56 14Yam bean 0.04856128404100 87403.13 1810Cassava0.011701700 65010502.62 311Vegetable (French0.0121242402000 22402.12 10bean, long bean etc)12Backyard poultry1018.436801400 31703.26 6Nos.+178+ 890eggsTotal 0.23048+5115020050311002.55 9518.4 +178eggsSale price: Rice Rs 20/kg; Ragi Rs 20/kg; Sweet potato Rs 15/kg; Yam bean Rs 15/kg;Greater yam Rs 15/kg; Colocasia Rs 15/kg; Elephant foot yam Rs 15/kg; Cassava Rs 10/kg,Vegetables Rs 20/kg; Meat Rs 200/kg; Egg Rs 5/egg.



Biennial Report ofTribal Sub-Plan 2022-24ICAR-Central Tuber Crops Resear ch Institut eRegional Station, Bhubaneswar, Odisha
[ 75 ]

In general , the introduced improved varieties of tuber crops produced higher yieldthan local cultivars especially sweet potato, taro and greater yam. The higher farm productivityincreased the farm production. The quantity of roots and tubers available for householdconsumption and selling was increased due to higher productivity. Household food andnutritional security was enhanced through increased availability, accessibility and utilizationof nutritionally rich roots and tubers by the family members. Nedunchezhiyan et al. (2021)reported that tuber crops cultivativation enchanced household food and nutritional securitythrough increased availability, accessibility and utilization.Table 18. Economics on per-hectare basis before and after intervention of tuber crops-based farming system (0.2 ha model)Inter-componentsGrossCost ofNetB:CEmploymentDistributionvention incomecultivationincomeratioGenerationof labours(Rs/ha)(Rs/ha)(Rs/ha) (Days)(no. months)BeforeRice 6050040000205001.51 255 6AfterTuber crops-2557501002501555002.55 475 12based farmingsystem
Fig. 4. Employment distribution afterintervention (475 man-days/ha)Fig. 3. Employment distribution beforeintervention (255 man-days/ha)
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Photo 80. Distribution of greater yamplanting materialsPhoto 81. Distribution of sweet potato (BhuSona and Bhu Krishna) planting materials
Photo 82. Distribution of cassava (Sree Jaya)and sweet potato (Bhu Sona and BhuKrishna) planting materialsPhoto 83. Greater yam field at Punjasargi(village), Gajapati districtPhoto 84. Greater yam field at Punjasargi(village), Gajapati district Photo 85. Cassava field at Punjasargi,Gajapati district
Photo 86. Sweet potato cultivation atPunjasargi, Gajapati district Photo 87. Sweet potato cultivation at Pukali,Koraput district
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Photo 88. Tuber crops-based farming systemPhoto 89. Sweet potato (Bhu Krishna)harvested at Pukali, Koraput district
Photo 90. Sweet potato (Bhu Krishna) packing
Photo 92. Yam bean harvestedat Raikala, Gajapati district Photo 93. Greater yamharvested at Punjasargi,Gajapati district Photo 94. Vegetables harvetsed

Photo 91. S wee t potato (BhuKrishna) harvested at Raikala,Gajapati district
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9. Value addition of tuber cropsGenerally, tubers are consumed directly by boiling and baking, andpreparations of curries. Self-life of some of the tuber crops are very few days. Hence, theavailability of tuber crops is in specific period only. Further, farmers also fetching lowerprice due to market glut during harvesting. Cassava tubers self-life is 2 days and sweetpotato self-life is 20-30 days only. Within this period, these tubers are to be consumed.Minimal processing and value addition will increase the availability of these tubers formore period. Value addition of tuber crops to the acceptable food preference form (Fig. 5)will increases income and the demand for the tuber crops.
Fig.5. Value added products from tuber crops9.1. Minimal processingDried chipsCassava and sweet potato fresh tubers are sliced/chipped after washing. The slices/chips are sundried or tunnel dried for 48-72 hours and then packed in air t ight containers.The dried slices/chips can be stored up to one year.



Biennial Report ofTribal Sub-Plan 2022-24ICAR-Central Tuber Crops Resear ch Institut eRegional Station, Bhubaneswar, Odisha
[ 79 ]

Par-boiled chipsCassava and sweet potato fresh tubers are sliced/chipped after washing. The slices/chips are put in boiling water and cooked for 5-10 minutes depending up on the thicknessof slices/chips. The cooked slices/chips are sundried or tunnel dried for 48-72 hours andthen packed in air tight containers. The dried par-boiled slices/chips can be stored up toone year.9.2. Value added products from cassavaFried cassava chipsFresh cassava tubers are washed and peeled. The tubers are sliced/chipped 1.5-2.0mm thickness. Then the slices/chips are soaked in acetic acid-brine solution for 1 h,parboiling for 5 minutes followed by surface drying and deep frying in oil.Cassava pastaBesides, pasta getting wide popularity among the young Indians and in the metrosas a convenient food, transformation to new health and wellness foods is essential to addvalue to cassava and sustain their cultivation of in India.Cassava pappadPapads are prepared from cassava flour by adding fibre sources like wheat bran, oatmeal, rice bran and cassava fibrous residue. The fibre sources are added to gelatinizedcassava slurry and mixed thoroughly. The spicy condiments are also added and spread onplastic sheets which are then dried in the sun for 36 h. The papads are peeled off from thesheets and packed. The deep fried products have soft and crisp texture.Fried snack foods from cassavaThe cost of making value added snack foods from cassava could be considerablyreduced, if wet cassava paste is used instead of cassava flour. Such an innovation was madein making a highly acceptable crisp snack food viz., chitchore from cassava. The wet cassavatuber paste is mixed with ingredients like maida, cheese, salt, sugar, baking powder andwhite pepper. The dough after proofing for 1 h is spread into sheets and cut into smalldiscs of 1 cm diameter.Cassava pakkavada:  This is a hot snack food having good texture and taste made out ofcassava flour. The other ingredients include maida, bengal gram flour, salt, chill i powder,asafoetida, baking soda and oil. The ingredients are thoroughly mixed and made into doughwith hot water (50°C), proofed for 1 h and then extruded through hand extruder havingflat rectangular holes, into hot oil.Cassava sweet fries: This is a sweet snack food made out of cassava flour, maida, bakingsoda and oil . The ingredients are mixed well and made into dough with hot water (50°C).
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The dough after proofing for 1 h is hand extruded through die having round holes, into hotoil. The fried product is then coated with sugar by dipping for a few minutes in sugar syruphaving thick consistency.Cassava nutria-chips: This is a high protein snack food made out of cassava flour by mixingwith other ingredients like maida, groundnut paste, egg, salt, sugar, sesame, coconut milk,baking soda and oil. After mixing the ingredients, hot water is added and mixed to formsmooth dough. The dough after proofing is made into small balls which are then spreadinto sheets of 2 mm thickness. This is then cut into diamond shape using a sharp knife anddeep fried in oil.Cassava crisps: This is a soft and good textured crispy snack food made from cassavaflour, maida, rice flour, bengal gram flour, salt, baking soda, turmeric powder and oil. Thedough made with hot water is proofed for 1 h and then extruded through the small poresize die having round holes. The deep fried material is mixed with fried nuts, curry leavesetc. before packing (Photo 95).
Photo 95. Snack food from cassava9.3. Value added products from sweet potato Sweet potato is a very important tuber crop in Odisha. It is cultivated inan area of0.04 million hectares with the production of  0.40 million tonnes (NHB, 2019). It is cultivatedalmost in all the tribal dominated districts. At present it is consumed after boiling or bakingas secondary staple. It is also used as vegetable in ‘Curry’ and ‘Dalmah’ preparation. Theseroots are rich in starch, sugars, vitamins and minerals. Some sweet potato varieties containcoloured pigments anthocyanin, beta-carotene and unidentified flavonoids. These pigmentsare regarded as beneficial antioxidants having several physiological attributes such as anti-oxidation, anticancer and protection against liver injury. Recently World Health FoodOrganization (WHFO) labelled sweet potato as an “antidiabetic” food because of someanimal studies in which sweet potato helped to stabilize blood sugar levels and loweredinsulin resistance. ICAR-Central Tuber Crops Research Institute, Regional Centre,Bhubaneswar has released two nutritionally important sweet potato varieties i.e. Bhu Sona
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(Orange fleshed beta-carotene rich) and Bhu Krishna (Purple fleshed anthocyanin rich)(Photo 96 a and b). Sweet potato is rich source of dietary fibres. The importance of dietaryfibre in food is well recognized. Dietary fibre reduces serum cholesterol , prevents coloncancers, maintains good intestinal health as well as prophylactic action on cardiovasculardiseases, diabetes and obesity.Though the Regional Centre of ICAR-CTCRI, Bhubaneswar has developed many valueadded technologies in sweet potato, no value-added product is available in the market. Yet, theRegional Centre of ICAR-CTCRI, Bhubaneswar has demonstrated some of the simple value-added products development to the tribal farmers and entrepreneuring youth through TSP.(a) Orange fleshed sweet potato(Var. Bhu-Sona) (b) Purple fleshed sweet potato(Var.Bhu-Krishna)Photo 96 a and b. Biofortified varieties of sweet potatoSweet potato fried chipsFried sweet potato chips presently not available in Indian market. Excellent qualityfried chips can be made from sweet potato tubers, by subjecting to mild acid treatment.This can prevent the discoloration of sweet potato slices, with the result that light yellowcrispy chips can be obtained, having soft mouthfeel and good texture. About 4 months oldtubers are chosen for making chips. After slicing into round pieces with thickness of about2 mm, soaked for 15 minutes in 0.5% citric acid-0.5% brine (salt) solution. After soaking,wash with clean water and keep slices in shade drying for 30 minutes to remove surfacemoisture. Fry the slices at 150°C for 5 minutes, mix the seasonings and pack it.Fried snacks from sweet potato flourSweet potato flour is gluten free and having low protein content. Hence fortificationis done by mixing with nutritionally superior flours to enhance the nutritional and texturalvalue of food products. Various fried snack foods have been developed. They are sweetpotato nutri sticks, crisps etc (Photo 97).
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Nutri-sticks from sweet potatoNutri-crisp from sweet potatoSweet potato chipsPhoto 97. Snack food from sweet potatoChappati, puri and parota from sweet potato flourChappati, puri and parota can be prepared from sweet potato flour. As sweet potatoflour is devoid of gluten, some binding agent should be added for the preparation of theabove products.Sweet potato cakeAnthocyanin rich, gluten free cake could be made from purple fleshed sweet potato(variety Bhu Krishna) flour, sugar, eggs, butter and baking powder. The preparation methodincludes steps l ike; beating of butter/vanspati ghee, add ground sugar and make the cream,separately beat the eggs and add into the cream. Add sieved sweet potato flour and bakingpowder in to the cream-egg mixture, thorough mixing of batter, pour batter into previouslygreased baking pan. Bake at 160°C for 25-30 minutes; cool the cake at room temperature.The prepared cake is healthy for consumers.Sweet potato pastaUse of purple fleshed sweet potato flour gives dark purple coloured pasta which hadlow starch digestibility and high resistant starch content besides high anthocynin andprotein content. This nutri pasta without any preservative could be introduced to mid-daymeal programme (MDMP) of school children. The preparation steps include: mixing ofingredients (sweet potato flour, whole wheat flour, semolina and water) for 15 minutes.Transfer and knead in pasta machine for 5 minutes. Extrude with single screw, dicing todesirable size, then drying for 55°C for 4 hours, packing and storage.Sweet potato jellyPurple coloured, attractive and transparent jelly could be prepared from purple fleshedsweet potato extract with the help of sugar, pectin and citric acid. The preparation methodincludes; Selection of good quality tubers, washing, peeling and cutting into slices. Addwater into slices (1:1), boil and collect the strained sweet potato extract for jelly preparation.Add sugar (60%), pectin (1%) and citric acid (0.5%). Check the TSS (Total soluble solids)by refractometer to maintain the TSS (67.5°Brix). Fill the hot product into glass bottlesfollowed by sealing, cooling and storage (Photo 98).
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Anthocyanin-rich pasta(Variety Bhu-Krishna)Anthocyanin-rich cake(Variety Bhu-Krishna) Anthocyanin-rich jellyPhoto 98. Value added products from Bhu Krishna variety9.4. Value added product from arrowrootAt present in Odisha only arrowroots are used for processing into starch. In Odisha,three types of arrowroots are cultivated for starch purposes. They are (1) West Indianarrowroot (Maranta arundinacea), (2) East Indian arrowroot (Curcuma ungustifolia) and(3) Queensland arrowroot (Canna edulis). The starch is extracted by traditional methods fromthe above three arrowroot crops by the farmers as an off-seasonal activity and marketedlocally. The starch is mainly used as a functional food. Local farmers consume arrowrootstarch by dissolving in milk or warm water for instant energy during diarrhoea and otherstomach ailment.Arrowroot is grown for cash income. Ninety percent of the starch produced is soldin the local market and 10% is kept for household consumption. Arrowroot starch extractionstarts February month and continue up to June month every year. It is a main off-seasonactivity of the farmers. Local traders’ visits villages during this period and collect the starch.The local traders sell the starch to the exporters. Some time, local traders keep middlemen(brokers) in the villages for collecting the starch. Local traders or middlemen on behalf oflocal traders negotiate the rate for the starch. KASAM, an NGO based in Odisha exports100-200 tons of arrowroot starch to Germany every year. However, the starch extracted bytraditional method is having lot of impurities. Starch is extracted in unhygienic method.Starch extraction by traditional method consumes lot of labour and it is drudgery.The ICAR-Central Tuber Crops Research Institute, Thiruvananthapuram hasdeveloped ‘Arrowroot starch extractor’ in which Canna, Curcuma and Maranata tubers canbe crushed for starch extraction. The efficiency of the machine is 20 kg/hour, whereastraditional method it is one kg per hour (Table 19). The starch recovery is 10-12%, whereastraditional method, it is 7-8%. Through the machine, apart from reduction of drudgery,quality starch can be maintained.
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Table 19. Efficiency of mobile starch extraction machineParticulars Traditional methodStarch extraction machineEfficiency 1 kg/hour 20 kg/hourStarch recovery 12% 20%from Canna (palua)Electricity charges - 1.1 unit/20 kgExtraction charges Own labour Rs 1.00/kg(Rs 0.75 labour charge+ 0.25 sustainability  fund)During the year 2022-23, an arrowroot starch extractor machine was given to a tribalwomen SHG Maa Marium, Gortili village, Kurli GP, Bissamcuttack Block, Rayagada District,Odisha and during 2023-24, two number of arrowroot starch extractor machine weredistributed to the tribal women SHG; one to Maa Malasi SHG, Kadraguma village, Kurli GP,Bissamcuttack Block, Rayagada District, Odisha and another one to Maa Sarada, Hatapetavillage, Lamtaput Block, Koraput District, Odisha.
Photo 99. Arrowroot starch extraction
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During the year 2023-24, 485 kg of arrowroot tubers (Curcuma ungustifolia) werecrushed/ pulped using an arrowroot starch extractor machine and obtained 50 kg starchat Gortil i village, Rayagada district (Photo 99). The starch was sold for Rs 150 per kg.9.5. Value added product preparation demonstrations at villagesAt harvesting season, value added product preparations were demonstrated in thevillages. All the women farmers and youths were trained to prepare fried chips from cassavaand sweet potato fresh tubers. Farmers also trained on flour preparation from cassava andsweet potato. Using cassava and sweet potato flour, snack foods like sev, murukku, gantiaetc. also demonstrated in the villages (Photo 100, 101, 02, 103, 104, 105 and 106). Starchextraction from Queensland arrowroot using mobile starch extraction machine wasdemonstrated in Lentrimaliguda village. Mobile starch extraction machine is very muchuseful to the tribal farmers. It reduces drudgery of crushing the tubers and recovery ofstarch is more with starch extraction machine.
Photo 100. Cassava chips production
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Photo 101. Cassava chips production Photo 102. Cassava chips production
Photo 103. Gantia, sev and mixture fromcassava tubers Photo 104. Sweet potato chips production
Photo 105. Cassava and sweet potato chipsproduction Photo 106. Cassava chips and snack foodpreparation
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Photo 107. Techno IncubationCentre
Photo 108. Sweet potato peeling for chipsand flour making

Photo 109. Slicing of sweet potato tubers

10. Techno Incubation Centre (TIC)Techno-Incubation Centre was established at theRegional Centre of ICAR-CTCRI, Bhubaneswar with thefinancial support of RKVY, Odisha (Photo 107).Equipment related to production of pasta, extrudedproducts, chips and snack foods as well as packingmachines were procured and installed. Progressivefarmers and entrepreneurs were trained on valueaddition and entrepreneurship development in tubercrops at Techno Incubation Centre.Under TSP, every year three/five-days trainingprogrammes were organized for the tribal beneficiariesto impart training on pasta, kurkure, cake, bread,cookies, papad, jam and jelly products preparation fromcassava as well as sweet potato in techno incubationcentre (Photo 108, 109 and 110). Further SHG also given
Photo 110. Preparation of sweet potatoflour for snack food

training on value addition of tuber crops intechno incubation centre.
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11. Entrepreneurship development in tuber cropsProgressive tribal farmers, farmers associations, and tribal youth were encouragedto become entrepreneur in tuber crops planting material production and development ofvalue-added products and marketing.During the year 2022-23, ten tribal farmers were registered as ‘Decentralised seedmultipliers’ (DSM) (Table 20). The farmers were producing of greater yam seed tubers,sweet potato and cassava quality planting materils. The Regional Centre of ICAR-CTCRI,Bhubaneswar has procured 10000 kg of greater yam seed tubers from the DSM (Table 20).Table 20. Details of greater yam planting materials producing farmersSl.Name and Address of the seed entrepreneur QuantityNo. (kg)1Smt. Rachana Subar, W/o Sumanth sabraPunjasargi, Birikote, 1000Gajapati district, Odisha - 7612172Smt. Sebati sabra, W/o Raju sabraPunjasargi, Birikote, 1000Gajapati district, Odisha - 7612173Smt. Sarojini Sabar, Punjasargi, Birikote, Gajapati district, Odisha-76121710004Smt. Tilotama Sabar, C/o Prasanta sabar Punjasargi, Birikote, 1000Gajapati district, Odisha - 7612175Smt. Chanchala Sabar, W/o Late Saheb sabar Punjasargi, 1000Birikote, Gajapati district, Odisha - 7612176Smt. Minati Bhuyan, C/o Rabi Sabar Punjasargi, Birikote, 1000Gajapati district, Odisha - 7612177Smt. Budha Gamango, W/o Ananta Gamango Punjasargi, 1000Birikote, Gajapati district, Odisha - 7612178Smt. Nandini Karji Punjasargi, Birikote, Gajapati district, Odisha-76121710009Smt. Laxmi Sabar, C/o Paramanda Sabar Punjasargi, 1000Birikote, Gajapati district, Odisha - 76121710Smt. Sabitha Karjee Punjasargi, Birikote, Gajapati district, Odisha-7612171000During the year 2023-24, twenty tribal farmers were registered as ‘Decentralisedseed multipliers’ (DSM) (Table 21). The farmers were producing of greater yam, elephantfoot yam and taro seed tubers, sweet potato and cassava quality planting materils. TheRegional Centre of ICAR-CTCRI, Bhubaneswar has submitted proposal for procuring 10000kg of greater yam and 10000 kg of elephant foot yam seed tubers from the DSM (Table 21).



Biennial Report ofTribal Sub-Plan 2022-24ICAR-Central Tuber Crops Resear ch Institut eRegional Station, Bhubaneswar, Odisha
[ 89 ]

Table 21. Details of tuber crops seed/ planting materials producing farmersSl.Name and Address of the seed entrepreneur (DSM) QuantityNo. (kg)Greater yam (Orissa Elite)1Sumanath Sabar, Punjasargi, Birikote, Mohana Block 1000Gajapati (Dist), Odisha-7612172Sumitra Gamanga, Punjasargi, Birikote, Mohana Block 1000Gajapati (Dist), Odisha-7612173Rachana Sabar, Punjasargi, Birikote, Mohana Block 1000Gajapati (Dist), Odisha-7612174Ananta Gomango, Punjasargi, Birikote, Mohana Block 1000Gajapati (Dist), Odisha-7612175Brundabati Sabar, Punjasargi, Birikote, Mohana Block 1000Gajapati (Dist), Odisha-7612176Para Sabar, Punjasargi, Birikote, Mohana Block 1000Gajapati (Dist), Odisha-7612177Budha Gamango, Punjasargi, Birikote, Mohana Block 1000Gajapati (Dist), Odisha-7612178Chanchala Sabara, Punjasargi, Birikote, Mohana Block 1000Gajapati (Dist), Odisha-7612179Sarajani Sabar, Punjasargi, Birikote, Mohana Block 1000Gajapati (Dist), Odisha-76121710Keshab Karjee, Punjasargi, Birikote, Mohana Block 1000Gajapati (Dist), Odisha-761217Elephant foot yam (Gajendra)11Sarmila Mandal , Chanchadapalli, Khariguda, Nalaghat 1000Mohana Block, Gajapati (Dist), Odisha-76121712Janas Sabar, Chanchadapalli, Khariguda, Nalaghat 1000Mohana Block, Gajapati (Dist), Odisha-76121713Jachani Gamanga, Chanchadapalli, Khariguda, NalaghatMohana Block, Gajapati (Dist), Odisha-761217 100014John Sabara, Chanchadapalli, Nalaghat, Mohana Block, 1000Gajapati (Dist), Odisha-761217
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15Jihosaya Gamango, Chanchadapalli, NalaghatMohana Block, 1000Gajapati (Dist), Odisha-76121716Jamesh Sabar. Chanchadapalli, Khariguda, NalaghatMohana Block,1000Gajapati (Dist), Odisha-76121717Bhoibeni Mandal , Chanchadapalli, Khariguda, NalaghatMohana Block,1000Gajapati (Dist), Odisha-76121718Magata Gomango, Nalaghat, Mohana Block, Gajapati, Odisha-761217100019Atala Mandal , Chanchadapalli, Khariguda, NalaghatMohana Block,1000Gajapati (Dist), Odisha-76121720Akeswari Raita, Chanchadapalli, Khariguda, NalaghatMohana Block,1000Gajapati (Dist), Odisha-761217Shri U. Rajendra Dora, Mohana, Mohana block, Gajapati district was recognized asroot and tuber crops seed farmer of Odisha and awarded certificate and cash during dia-mond Jubilee 60th Foundation day of ICAR-CTCRI on 22.07.23 by Dr. H. Pathak, HonorableSecretary, DARE & DG, ICAR, New Delhi (Photo 111).
Photo 111. Shri U. Rajendra Dora receiving best root and tuber crops seed farmer of Odishaaward in 2022-23 from Dr. H. Pathak, Honorable Secretary, DARE & DG, ICAR, New Delhi.
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12. Marketing linkagesMarket linkage was developed to sell the tubers at higher price. Arrangements weremade to lift the harvested produce from tribal farmers fields.  After harvest of the tubers,farmers were advised to clean the tubers free from soil. In case sweet potato, cassava, taroand yam bean, the tubers were washed and dried before packing. Greater yam and el-ephant foot yam tubers were cleaned free from soil. The cleaned and packed tubers werestored in well ventilated place before marketing. The following firms/companies purchasedtubers directly from the tribal farmers.1.Mati farmsJagatpur Industrial Estate, Nehru ColonyVinayaka Nagar, Jagatpur-754021, Odishawww.matifarms.com2.Hain Future Natural Products Pvt. Ltd.Plot No. 37, India Food ParkVasanthanarshapura, Industrial Area Phase IIIKora Hobli, Tumkur, Karnataka, Indiachandrakumar@hainfuture.com3.OMM Agrotech & ServicesPlot No. K8/1190Kalinga Nagar, Ghatikia, Bhubaneswar-751003Ommagrotech.services@gmail.com4.Taptapani farmers producer company Ltd.Kharidhepa, Chandiput, Mohana-761017Gajapati, Odishataptapanifpcl@gmail.com5.Coastal Corporation Limited15-1-37/3, Nowroji Road, MaharanipetaVisakhapatnam-530002, Indiatvalsaraj@coastalcorp.co.inwww.coastalcorp.co.in6.Maruthi foodsChaitanya Vihar, 3rd Lane, Nimakhandi RoadVillage/GP: Locahpada, Berhampur-760001foodsmaruti@gmail.comwww.marutifood.in
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7.Ranjeeta's  Agri-FoodsHealth and Hygiene Pvt. Ltd.Bhubaneswar-75210113. Information and extension communication (IEC) materialsInformation and extension communication materials are very essential for farmersto refresh their knowledge on crops, to verify and check pest and diseases and their man-agement. Under TSP, booklets, brochures and leaflets on tuber crops were published in Oriya,Hindi and English for creating awareness on scientific method of tuber crops cultivationand development of value added products to the tribal farmers (Photo 112). The IEC mate-rials were distributed to the farmers before start of the demonstrations and also distrib-uted during training programme.13.1. Publications1. Nedunchezhiyan, M., Sheela Immanuel., Jeeva, M.L., Kesava Kumar, H., VisalakshiChandra, C. and Chintha Pradeepika. 2023. Yams, Technical Bulletin No. 101, ICAR-Central Tuber Crops Research Institute, Sreekariyam, Thiruvananthapuram, Kerala,India, 32 p.2. Nedunchezhiyan, M., Pati, K., Chauhan, V.B.S., Laxminarayana, K., Misra, R.S. andSheela, M.N. 2023. Sree Telia: A new short duration variety of taro for Odisha. Tech-nical leaflet. Regional Station, ICAR-CTCRI, Bhubaneswar, Odisha.3. Nedunchezhiyan, M., Pati, K., Chauhan, V.B.S., Laxminarayana, K. and Sheela, M.N.2023. Sree Hira: A new elite variety of taro for Odisha. Technical leaflet. RegionalStation, ICAR-CTCRI, Bhubaneswar, Odisha.4. Nedunchezhiyan, M., Laxminarayana, K., Pati, K., Chauhan, V.B.S. and Jata, S.K. 2022.Kudhraslippo totta gharoi bibaharare Goyalu (Odia). TSP/2022/Brochure No. 6.5. Nedunchezhiyan, M., Laxminarayana, K., Pati, K., Chauhan, V.B.S. and Jata, S.K. 2022.Kambhalu sahito makka chasa (Odia). TSP/2022/Brochure No. 5.6. Nedunchezhiyan, M., Laxminarayana, K., Pati, K., Chauhan, V.B.S., Arutselvan, R. andJata, S.K. 2022. Arrowroots. TSP/2022/Brochure No. 1.7. Nedunchezhiyan, M., Laxminarayana, K., Pati, K., Chauhan, V.B.S., Arutselvan, R. andJata, S.K. 2022. Palua (Odia). TSP/2022/Brochure No. 2.8. Arutselvan, R., Nedunchezhiyan, M., Laxminarayana, K., Pati, K., Chauhan, V.B.S. andJata, S.K. 2022. Sarupasalare patrapada rogho (Odia). TSP/2022/Brochure No. 3.9. Arutselvan, R., Nedunchezhiyan, M., Laxminarayana, K., Pati, K., Chauhan, V.B.S. andJata, S.K. 2022. Kandhamula pasalare ghunipukho (Odia). TSP/2022/Brochure No. 4
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14. AwardsMany of the tribal farmers whowere the beneficiary of TSP receivedawards and recognitions due to theirskill in root and tuber crops cultivation.Smt. Budha Gamango, W/o AnantaGamango, Punjasargi, Birikote, Gajapatidistrict, Odisha – 761217 wasrecognized as best women farmer in2022-23 by Mohana Block, Gajapatidistrict farmers association (Photo113). The ICAR-CTCRI,Thiruvananthapuram has adjudgedShri Sumanath Sabar, Punjasargi,Birikote, Mohana Block, Gajapati (Dist),Odisha-761217 and Shri AnantaGamango, Punjasargi, Birikote, Gajapatidistrict, Odisha – 761217 were bestroot and tuber crops farmers of OdishaPhoto 113. Smt. Budha Gamango, W/o AnantaGamango, Punjasargi, Birikote, Gajapati district,Odisha - 761217 was recognized as best womenfarmer in 2022-23 by Tapaswini Hansada, B.D.O,Mohana Block, Gajapati district on behalf offarmers associationand awarded certificate and cash during diamond Jubilee 60 th Foundation day of ICAR-CTCRI on 22.07.23 by Dr. H. Pathak, Honorable Secretary, DARE & DG, ICAR, New Delhi(Photo 114 and 115).
Photo 114. Shri Shri Sumanath Sabar receiving best root and tuber crops farmer of Odishaaward in 2022-23 from Dr. H. Pathak, Honorable Secretary, DARE & DG, ICAR, New Delhi.
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Photo115. Shri Ananta Gamango receiving best root and tuber crops farmer of Odishaaward in 2022-23 from Dr. H. Pathak, Honorable Secretary, DARE & DG, ICAR, New Delhi.15. Success storiesAdoption of high yielding and biofortified varieties of root and tuber crops, improvedcropping systems and integrated pest management resulted in higher yield and incomewhich improved the food and nutrition security of the tribal farmers under TSP. Farmingof backyard poultry supplement the farm income to improve livelihoods of the farmers.Tuber crops-based farming system resulted in higher yield, income and employment tofamily labours of tribal farmers. Marketing arrangements made to procure the tubers fromthe farm gate with reasonably higher price than market price increased the confidence oftuber crops farmers. As the demand for biofortified and high yielding varieties of tubercrops increased many farmers turned in to seed/ planting materials growers. Success storyof the few farmers are given below.15.1. Tuber crops-based farming system for higher income and livelihoodimprovementPunjasargi village is situated under Birikote GP of Mohana block in Gajapati districtof Odisha. The village is 2 km distance from GP head quarter and 17 km distance fromBlock. The villagers belong to ‘Saura’ tribe. Smt. Budha Gamango (Photo 116), W/o AnantaGamango is one of the inhabitant of the village living with her husband, two daughters and
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an aged mother. The family istotally dependent on agricultureand the income is not adequateto manage the family. village level meeting todiscuss about tuber crops(greater yam, elephantfoot yam, taro, sweetpotato and cassava)cultivation. For many ofthe tribal farmersreported that elephantfoot yam, cassava, yambean and orange andpurple flesh sweet potatowere not cultivated. Smt.Budha Gamango is one ofthe aggressive womenfarmer in the village. Shealways supports herhusband in the agriculturePhoto 116. Smt. Budha Gamango
During the year 2022-23,Office of Deputy Director ofHorticulture, Gajapati district hasrecommended to the RegionalStation of ICAR-CTCRI,Bhubaneswar to adopt thevillage. Dr. M. Nedunchezhiyan,Principal Scientist, RegionalStation of ICAR-CTCRI,Bhubaneswar conducted a
Photo 117. Tuber crops-based farming system field ofSmt. Budha Gamangowork and good knowledge on farming system. She was much interested to cultivate thetuber crops in her field because she never seen the crops l ike elephant foot yam, cassava,yam bean, orange flesh sweet potato. Smt. Budha Gamango was having 3 acres of upland.She also had three cattles, one fish pond and 10 chicks. She readily aggreed to take tubercrops-based farming system for 0.2 ha.
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After getting tuber cropsplanting materials from the RegionalStation of ICAR-CTCRI, she has laidout0.2 ha tuber crops-based farmingsystem with the following area of eachcrop: 0.02 ha greater yam+maizeintercropping system, 0.01 haelephant foot yam, 0.02 ha taro, 0.04ha sweet potato, 0.04 ha yam beanand 0.01 ha cassava (Photo 117).From her own seeds, she has plantedrice 0.03 ha and ragi 0.03 ha undertuber crops-based farming system. Inher remaining land, she has cultivated Photo 118. Greater yam harvesting by Smt. BudhaGamango in presence of Dr. M.N. Sheela, Director,ICAR-CTCRI, Thiruvananthapuramrice, ragi and maize, the way she normally cultivates the crops. Smt. Budha Gamango hascultivated vegetables 0.01 ha during rabi season after harvest of rice under tuber crops-basedfarming system. The Regional Station of ICAR-CTCRI has given one packet of vegetable seedkit (Amaranthus, bhendi, radish, cowpea, French bean, tomato, onion and Dolichos seeds) toSmt. Budha Gamango for rabi cultivation and also 40 days old 10 numbers of chicks (RainbowRooster). At the time of planting, Dr. M. Nedunchezhiyan visited the field and explained to herhow to plant the tuber crops and seed treatment to be followed. The crops were monitoredby regular field visits. At maturity the crops were harvested.In tuber crops-based farming system (0.2 ha), Smt. Budha Gamango has harvestedrice grain 100 kg, ragi seed 38 kg, greater yam tuber 482 kg, maize seed 65 kg, elephantfoot yam tuber 235 kg, taro tuber 408 kg, sweet potato tuber 522 kg, yam bean tuber 895kg and cassava tuber 172 kg (Photo 118). The rabi season vegetable cultivation resulted in222 kg vegetables (Table 22). The tuber crops-based farming system (0.2 ha model) recordedaverage crop yield of 3139 kg, and meat yield of 19.2 kg with 182 eggs from the poultrybirds. Prior to the interventions, the gross income of the farmer was Rs 12000 withemployment of 50 mandays from 0.2 ha. After intervention of 0.2 ha tuber crops-basedfarming system model, gross and net income of the farmer were Rs 52755 and Rs 32425,respectively with B:C ratio of 2.59 (Table 22). The gross income increased four times. Theemployment generation was 98 man-days/0.2 ha. The tuber crops-based farming system(0.2 ha model) generated additional 48 man-days over before intervention. The employmentgeneration was doubled under tuber crops-based farming system. The crop and animalcomponents in the tuber crops-based farming system was managed by the own familylabourers and the employment was distributed through-out the year (12 months).
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Table 22. Component-wise yield and economics of tuber crops-based farming system(0.2 ha)Sl .Crop/ AreaYieldGrossCost ofNetB:CEmploymentNo.animal (ha)(kg)Incomecultivationincomeratiogeneration(Rs) (Rs) (Rs) (man-days)1Rice 0.0310020001200 8001.67 63Ragi 0.0338760 3004602.53 25Greater yam+maize0.02482+6582053200 50052.56 156Elephant foot yam0.0123535251700 18252.07 88Taro0.0240861202700 34202.27 13Sweet potato0.0452278303000 48302.61 15Yam bean 0.04895134254200 92253.20 2010Cassava0.011721720 65010702.65 311Vegetable0.0122244402000 24402.22 10(Amaranthus,Bhendi,bitter gourd,ridge gourd etc.)– rabi cultivationBackyard poultry1019.2+38401400 33503.39 6Nos.182+ 910eggsTotal 0.23139+5277520350324252.59 9819.2 +182eggsSale price: Rice Rs 20/kg; Ragi Rs 20/kg; Sweet potato Rs 15/kg; Yam bean Rs 15/kg;Greater yam Rs 15/kg; Colocasia Rs 15/kg; Elephant foot yam Rs 15/kg; Cassava Rs 10/kg,Vegetables Rs 20/kg; Meat Rs 200/kg; Egg Rs 5/egg.In general , the introduced high yielding varieties of tuber crops produced higheryield than local cultivars especially sweet potato, taro and greater yam. The higher farmproductivity increased the farm production. The quantity of roots and tubers available forhousehold consumption and selling was increased due to higher productivity. Householdfood and nutritional security was enhanced through increased availability, accessibilityand utilization of nutritionally rich roots and tubers by the family members.Smt. Budha Gamango has found a way to get more employment through out theyear. She has saved the entire money received from tuber crops-based farming system
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and spent the money for her elder daughter’s marriage during the November 2024. Shewas very happy and extended her gratitude’s to ICAR-CTCRI for the support and advice tocultivate the tuber crops-based farming system. Now she has preserved six types of tubercrops and three types of vegetables for next season cultivation.15.2. Income generation and assets building through tuber crops-basedfarming systemShri Sumanath Sabar, S/o Padan Sabar aged about 30 years is a tribal youth farmer residingin Punjasargi village which is coming under Birikote GP, Mohana Block, Gajapati district,Odisha. He is a ‘Saura’ tribe and servive with a wife and two children (Photo 119). He washaving 3.0 acres of upland, 10 cattles, 20 goats and 10 chicks.  He is an innovative farmer.He cultivates paddy, ragi and maize in uplands. Dr. M. Nedunchezhiyan, Principal Scientist,Regional Centre of ICAR-CTCRI, Bhubaneswar with the help of Shri U. Rajendra Dora, FieldCo-ordinator, PREM (NGO) met village elders of Punjasargi and discussed about tuber crops(greater yam, elephant foot yam, taro, cassava, yam bean and orange and purple flesh sweetpotato) cultivation during 2022-23 in the month of June. Being youth and interested ininnovations, Shri Sumanath Sabar was will ing to cultivate tuber crops-based farming system(0.2 ha model) in his field.
Photo 119. Shri Sumanath with wife and child
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After getting the planting materials of tuber crops from the Regional Station of ICAR-CTCRI, Bhubaneswar Shri Sumanath Sabar has laidout 0.2 ha tuber crops-based farmingsystem with the following area of each crop: 0.02 ha greater yam+maize intercroppingsystem, 0.01 ha elephant foot yam, 0.02 ha taro, 0.04 ha sweet potato, 0.04 ha yam beanand 0.01 ha cassava (Table 120).  From his own seeds, he has planted rice 0.03 ha and ragi0.03 ha under tuber crops-based farming system. In his remaining land, he has cultivatedrice, ragi, maize and leman grass, the way he normally cultivates the crops. Shri SumanathSabar has cultivated vegetables 0.01 ha during rabi season after harvest of rice under tubercrops-based farming system. The Regional Station of ICAR-CTCRI has given one packet ofvegetable seed kit (Amaranthus, bhendi, radish, cowpea, French bean, tomato, onion andDolichos seeds) to Shri Sumanath Sabar for rabi cultivation and also 40 days old 10 numbersof chicks (Rainbow Rooster). At the time of planting, Dr. M. Nedunchezhiyan visited thefield and explained to him how to plant the tuber crops and seed treatment to be followed.Dr. M. Nedunchezhiyan also monitored the field demonstration by regular field visits. Atmaturity the crops were harvested.In tuber crops-based farming system (0.2 ha), Shri Sumanath Sabar hasharvested rice grain 110 kg, ragi seed 40 kg, greater yam tuber 506 kg, maize seed 69 kg,elephant foot yam tuber 241kg, taro tuber 412 kg, sweet potato tuber 526 kg, yam beantuber 898 kg and cassava tuber 175 kg (Photo 121). The rabi season vegetable cultivationresulted in 226 kg vegetables (Table 23). The tuber crops-based farming system (0.2 hamodel) recorded average crop yield of 3203 kg, and meat yield of 19.0 kg with 195 eggsfrom the poultry birds. Prior to the interventions, the gross income of the farmer was RsPhoto 120. Shri Sumanath Sabar receiving tuber crops planting materials
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12000 with employment of 50 mandays from 0.2 ha. After intervention of 0.2 ha tubercrops-based farming system model, gross and net income of the farmer were Rs 53765and Rs 33315, respectively with B:C ratio of 2.63 (Table 23). The gross income increasedfour times. The employment generation was 99 man-days/0.2 ha. The tuber crops-basedfarming system (0.2 ha model) generated additional 49 man-days over before intervention.The employment generation was doubled under tuber crops-based farming system. Thecrop and animal components in the tuber crops-based farming system was managed bythe own family labourers and the employment was distributed through-out the year (12months).Table 23. Component-wise yield and economics of tuber crops-based farming system (0.2 ha)Sl.Crop/ AreaYieldGrossCost of NetB:CEmploymentNo.animal (ha)(kg)Incomecultivationincomeratio generation(Rs) (Rs) (Rs) (man-days)1Rice 0.031102200 1200 10001.83 63Ragi 0.03 40800300 5002.67 25Greater yam+maize0.02506+698625 3300 53252.61 166Elephant foot yam0.012413615 1700 19152.13 88Taro0.024126180 2700 34802.29 13Sweet potato0.045267890 3000 48902.63 15Yam bean 0.04898134704200 92703.21 2010Cassava0.011751750 650 11502.69 311Vegetable0.012264520 2000 25202.26 10(Amaranthus,Bhendi,bitter gourd,ridge gourd etc.)– rabi cultivationBackyard poultry1019.0+3800 1400 33753.41 6Nos.195+ 975eggsTotal 0.23203+5376520450333152.63 9919.0 +195eggsSale price: Rice Rs 20/kg; Ragi Rs 20/kg; Sweet potato Rs 15/kg; Yam bean Rs 15/kg; Greater yam Rs 15/kg; Colocasia Rs 15/kg; Elephant foot yam Rs 15/kg; Cassava Rs10/kg, Vegetables Rs 20/kg; Meat Rs 200/kg; Egg Rs 5/egg.
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Photo 121. Tuber crops-based farming system field of Shri Sumanath SabarIn general, the introduced high yielding varieties of tuber crops produced higheryield than local cultivars especially sweet potato, taro and greater yam. The higher farmproductivity increased the farm production. The quantity of roots and tubers available forhousehold consumption and selling was increased due to higher productivity. Householdfood and nutritional security was enhanced through increased availability, accessibilityand utilization of nutritionally rich roots and tubers by the family members.
Photo 122. Shri Sumanath Sabar constructing new RCC roofed house
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Shri Sumanath Sabar has found a way to get more employment through out the year.He has saved the entire money received from tuber crops-based farming system. Now he isconstructing new RCC roofed house in his village using the money earned from the tubercrops-based farming system (Photo 122). He is also sending his elder son Shri Srinu Sabar toEnglish medium convent school at Birikote for LKG study.  Shri Sumanath Sabar also receivedbest farmer award for cultivating tuber crops from Dr. H. Pathak, Honorable Secretary, DARE& DG, ICAR, New Delhi on 60th Foundation day of ICAR-CTCRI, Thiruvananthapuram.  ShriSumanath Sabar was very happy and extended his gratitude's to ICAR-CTCRI for the supportand advice to cultivate the tuber crops-based farming system. Now he has preserved sixtypes of tuber crops and three types of vegetables for next season cultivation.15.3. Econmic empowerment of women through tuber crops-based farming systemIn upland ecosystem of Gajapati district of Odisha, rice, ragi, little millet, kodo millet,foxtail millet, maize etc. are the popular crops. The yield from these crops is very low. Incomefrom these crops is also meagre. The Regional Station of ICAR-CTCRI has developed locationspecific tuber crops-based farming system models for enhancing farm income, employmentand livelihood as well as empowering women.Smt. Sarojini Sabar, W/oGobardhana Sabar, age 38 years,Punjasargi (Village), Birikote (GP),Mohana (Block), Gajapati (District),Odisha (State) is an active "Saura' tribalwomen farmer (Photo 123). She ishaving a large family of a husband, anaged father and four children. Smt.Sarojini Sabar always thinking aboutdevelopment of tribal people. She is asocial activist. She is having 2.5 acresupland. The yield and income from this2.5 acres could not meet her family (7 Photo 123. Smt. Sarojini Sabarmembers) requirements. She is getting 1200 kg rice from 1.0 acre, 550 kg maize from 0.5acre, 210 kg foxtail millet from 0.5 acre and 225 kg ragi from 0.5 acre of land. She was gettingnet income of Rs 20000 only with employment of 260 man-days. Dr. S.K. Das, DDH, Gajapatidistrict requested Dr. M. Nedunchezhiyan, Principal Scientist & PI (TSP) to demonstrate tubercrops-based farming system developed for upland ecosystem in Gajapati district.Dr. M. Nedunchezhiyan laid out front line demonstration of 0.2 ha tuber crops-basedfarming system model in Smt Sarojini Sabar field during 2022-23 under Tribal Sub-Plan(TSP). The crop and other components are as follows: 0.02 ha greater yam+maize
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intercropping system, 0.01 ha elephant foot yam, 0.02 ha taro, 0.04 ha sweet potato, 0.04ha yam bean and 0.01 ha cassava (Photo 124).  From her own seeds, she has planted rice0.03 ha and ragi 0.03 ha under tuber crops-based farming system. In her remaining land,she has cultivated rice, ragi, maize and foxtail millet, the way she normally cultivates thecrops. Smt. Sarojini Sabar has cultivated vegetables 0.01 ha during rabi season after harvestof rice under tuber crops-based farming system. The Regional Station of ICAR-CTCRI hasgiven one packet of vegetable seed kit (Amaranthus, bhendi, radish, cowpea, French bean,tomato, onion and Dolichos seeds) to Smt Sarojini Sabar for rabi cultivation and also 40days old 10 numbers of chicks (Rainbow Rooster). At the time of planting, Dr. M.Nedunchezhiyan visited the field and explained to her how to plant the tuber crops andseed treatment to be followed. Dr. M. Nedunchezhiyan also monitored the fielddemonstration by regular field visits. Atmaturity the crops were harvested.In tuber crops-based farming system (0.2ha), Smt Sarojini Sabar has harvested rice grain105kg, ragi seed 42 kg, greater yam tuber 500kg, maize seed 65 kg, elephant foot yam tuber238 kg, taro tuber 406 kg, sweet potato tuber520 kg, yam bean tuber 895 kg and cassavatuber 170 kg. The rabi season vegetablecultivation resulted in 220 kg vegetables (Table24). The tuber crops-based farming system (0.2ha model) recorded average crop yield of 3161kg, and meat yield of 19.4 kg with 190 eggsfrom the poultry birds. Prior to theinterventions, the gross income of the farmerwas Rs 12000 with employment of 53 mandaysfrom 0.2 ha. After intervention of 0.2 ha tubercrops-based farming system model, gross andnet income of the farmer were Rs 53230 andRs 32880, respectively with B:C ratio of 2.62(Table 24). The gross income increased fourtimes. The employment generation was 98man-days/0.2 ha. The tuber crops-based farming system (0.2 ha model) generatedadditional 45 man-days over before intervention. The employment generation was doubledunder tuber crops-based farming system. The crop and animal components in the tubercrops-based farming system was managed by the own family labourers and the employmentwas distributed through-out the year (12 months).
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Table 24. Component-wise yield and economics of tuber crops-based farming system (0.2 ha)Sl.Crop/ AreaYieldGrossCost of NetB:CEmploymentNo.animal (ha)(kg)Incomecultivationincomeratio generation(Rs) (Rs) (Rs) (man-days)1Rice 0.031052100 1200 9001.75 63Ragi 0.03 42840300 5402.80 25Greater yam+maize0.02500+658475 3200 52752.65 156Elephant foot yam0.012383570 1700 18702.10 88Taro0.024066090 2700 33902.26 13Sweet potato0.045207800 3000 48002.60 15Yam bean 0.04895134254200 92253.20 2010Cassava0.011701700 650 10502.62 311Vegetable0.012204400 2000 24002.20 10(Amaranthus,Bhendi,bitter gourd,ridge gourd etc.)– rabi cultivationBackyard poultry1019.4+3880 1400 34303.45 6Nos.190+ 950eggsTotal 0.23161+5323020350328802.62 9819.4 +190eggs

Different cereals, tubers and vegetables were harvested at maturity. Eggs werecollected from the poultry bird. Some portion of the produce was consumed by the family,while other portions were sold to the local markets. The culled and damaged food materialsare fed to the poultry. Tuber crops-based farming system not only increased family incomesbut also employment generations. The details of return and yields are presented in theTable 24. The tuber crops-based farming system increased the net income. Earlier she wasgetting profit of Rs 20000 from 1.0 ha (2.5 acres), now she is getting Rs 32880 from 0.2 ha.The tuber crops-based farming system generated more employment of 98 man-days from0.2 ha and spread throughout the year.Sale price: Rice Rs 20/kg; Ragi Rs 20/kg; Sweet potato Rs 15/kg; Yam bean Rs 15/kg; Greater yam Rs 15/kg; Colocasia Rs 15/kg; Elephant foot yam Rs 15/kg; Cassava Rs10/kg, Vegetables Rs 20/kg; Meat Rs 200/kg; Egg Rs 5/egg.
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Smt Sarojini Sabar hasfound a way to get moreemployment through out the year.She has saved the entire moneyreceived from tuber crops-basedfarming system. Now she haspurchased a secondhand tractor(Eicher) along with anotherpartner (Photo 125). Now she isrenting the tractor and gettingincome. Smt Sarojini Sabar wasvery happy and extended hisgratitude’s to the Regional Stationof ICAR-CTCRI for the support andPhoto 125. Smt Sarojini Sabar purchased a tractoradvice to cultivate the tuber crops-based farming system. Now she has preserved six typesof tuber crops and three types of vegetables for next season cultivation.This model could increase the farm income and food and nutrition security andalleviate the financial hardship of the marginal tribal farmer. On getting the result, farmerwas very much convinced that tuber crops-based farming system is a profitable venture.The farmers in the vicinity are also visited the tuber crops-based farming system modeland impressed very much by seeing the system and requested for financial and technicalsupport for them from our Centre for initiating the such model.15.4. Tuber crops: A source of income for women farmers of Gajapati districtRaikola village is situated underBirikote GP of Mohana block inGajapati district of Odisha. The villageis 7 km distance from GP head quarterand 22 km distance from Block. Thevillagers belong to 'Saura' tribe. Smt.Punni Gamango (Photo 126), W/oBalemma Gamango is one of theinhabitant of the village living with herhusband and three children. Thefamily is totally dependent onagriculture and the income is notadequate to manage the family. Photo 126. Smt. Punni Gamango
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During the year 2023-24, Office of Deputy Director of Horticulture, Gajapati districthas recommended to the Regional Station of ICAR-CTCRI, Bhubaneswar to adopt the village.Dr. M. Nedunchezhiyan, Principal Scientist, Regional Station of ICAR-CTCRI, Bhubaneswarand Shri U. Rajendra Dora, Field Co-ordinator, PREM (NGO) conducted a village level meetingto discuss about tuber crops (greater yam, elephant foot yam, taro, sweet potato and cassava)cultivation. For many of the tribal farmers reported that elephant foot yam, cassava, yambean and orange and purple flesh sweet potato were not cultivated. Smt. Punni GamangoW/o Balemma Gamango is one of the aggressive women farmer in the village. She alwayssupports her husband in the agriculture work and good knowledge on farming system. Shewas much interested to cultivate the tuber crops in her field because she never seen thecrops like elephant foot yam, cassava, yam bean, orange flesh sweet potato. Smt. PunniGamango was having 4 acres of upland. She also had one cattle and 10 chicks. She readilyaggreed to take tuber crops-based farming system for 0.2 ha.After getting tuber crops planting materials from the Regional Station of ICAR-CTCRI, she has laidout 0.2 ha tuber crops-based farming system (Photo 127) with thefollowing area of each crop: 0.02 ha greater yam+maize intercropping system, 0.01 haelephant foot yam, 0.02 ha taro, 0.04 ha sweet potato, 0.04 ha yam bean and 0.01 hacassava.  From her own seeds, she has planted rice 0.03 ha and ragi 0.03 ha under tubercrops-based farming system. In her remaining land, she has cultivated rice, ragi and maize,the way she normally cultivates the crops. Smt. Punni Gamango has cultivated vegetables0.01 ha during rabi season after harvest of rice under tuber crops-based farming system.The Regional Station of ICAR-CTCRI has French bean seeds 500 g and long bean seeds125 g to Smt. Punni Gamango for rabi cultivation and also 40 days old 10 numbers ofchicks (Sonali). At the time of planting, Dr. M. Nedunchezhiyan visited the field and
Photo 127. Tuber crops-based farming system field of Smt. Punni Gamango
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explained to her how to plant the tuber crops and seed treatment to be followed. The cropswere monitored by regular field visits by Dr. M. Nedunchezhiyan. At maturity the cropswere harvested.In tuber crops-based farming system (0.2 ha), Smt. Punni Gamango has harvestedrice grain 102 kg, ragi seed 41 kg, greater yam tuber 502 kg, maize seed 68 kg, elephantfoot yam tuber 238 kg, taro tuber 412 kg, sweet potato tuber 532 kg, yam bean tuber 905kg and cassava tuber 170 kg (Photo 128). The rabi season vegetable cultivation resulted in222 kg vegetables (Table 25). The tuber crops-based farming system (0.2 ha model) recordedTable 25. Component-wise yield and economics of tuber crops-based farming system (0.2 ha)Sl .Crop/ AreaYieldGrossCost ofNetB:CEmploymentNo.animal (ha)(kg)Incomecultivationincomeratiogeneration(Rs) (Rs) (Rs) (man-days)1Rice 0.0310220401200 8401.70 63Ragi 0.0341820 3005202.73 25Greater yam+maize0.02502+6885503300 52502.59 166Elephant foot yam0.0123835701700 18702.10 88Taro0.0241261802700 34802.29 13Sweet potato0.0453279803000 49802.66 15Yam bean 0.04905135754300 92753.16 2110Cassava0.011701700 65010502.62 311Vegetable0.0122244402000 24402.22 10(Amaranthus,Bhendi,bitter gourd,ridge gourd etc.)– rabi cultivationBackyard poultry1018.8+37601400 33403.39 6Nos.196+ 980eggsTotal 0.23192+5361520550330452.61 10018.8 +196eggsSale price: Rice Rs 20/kg; Ragi Rs 20/kg; Sweet potato Rs 15/kg; Yam bean Rs 15/kg; Greater yam Rs 15/kg; Colocasia Rs 15/kg; Elephant foot yam Rs 15/kg; Cassava Rs10/kg, Vegetables Rs 20/kg; Meat Rs 200/kg; Egg Rs 5/egg.
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average crop yield of 3192 kg, and meat yield of 18.8 kg with 196 eggs from the poultrybirds. Prior to the interventions, the gross income of the farmer was Rs 12000 withemployment of 50 mandays from 0.2 ha. After intervention of 0.2 ha tuber crops-basedfarming system model, gross and net income of the farmer were Rs 53615 and Rs 33045,respectively with B:C ratio of 2.61 (Table 25). The gross income increased four times. Theemployment generation was 100 man-days/0.2 ha. The tuber crops-based farming system(0.2 ha model) generated additional 50 man-days over before intervention. The employmentgeneration was doubled under tuber crops-based farming system. The crop and animalcomponents in the tuber crops-based farming system was managed by the own familylabourers and the employment was distributed through-out the year (12 months).
Photo 128. Smt Punni Gamango harvested Bhu Krishna variety of sweet potatoIn general , the introduced high yielding varieties of tuber crops produced higheryield than local cultivars especially sweet potato, taro and greater yam. The higher farmproductivity increased the farm production. The quantity of roots and tubers available forhousehold consumption and sell ing was increased due to higher productivity. Householdfood and nutritional security was enhanced through increased availability, accessibilityand util ization of nutritionally rich roots and tubers by the family members.Smt. Punni Gamango has found a way to get more employment through out theyear. She has saved the entire money received from tuber crops-based farming systemand spent the money for renovating her old house. She was very happy and extended hergratitude’s to ICAR-CTCRI for the support and advice to cultivate the tuber crops-basedfarming system. Now she has preserved six types of tuber crops and three types ofvegetables for next season cultivation.



Sustainable Livelihoods throughTuber Crops-based Agri-Food Systems ICAR-Central Tuber Crops Research Instit uteSr eekariyam, Thiruvananthapuram, Ker ala
[ 110 ]

15.5. Tuber crops-based farming system of cash income, food and nutritionsecurityIn upland ecosystem of Gajapati district of Odisha, rice, ragi, little millet, kodo millet,foxtail millet, maize etc. are the popular crops. The yield from these crops is very low. Incomefrom these crops is also meagre. The Regional Station of ICAR-CTCRI has developed locationspecific tuber crops-based farming system models for enhancing farm income, employmentand livelihood as well as empowering women.Smt. Asmeni Mandal(Photo 129), W/o NathanMandal , age 42 years, Raikola(Village), Birikote (GP),Mohana (Block), Gajapati(District), Odisha (State) is anactive “Saura’ tribal womenfarmer. She is having a largefamily of a husband, and fourgirl children. Smt AsmeniMandal always thinking aboutdevelopment of tribal people.She is a social activist. She ishaving 3.0 acres upland. Theyield and income from this 3.0acres could not meet her familyPhoto 129. Smt. Asmeni Mandal(6 members) requirements. Dr. S.K. Das, DDH, Gajapati district requested Dr. M.Nedunchezhiyan, Principal Scientist & PI (TSP) to demonstrate tuber crops-based farmingsystem developed for upland ecosystem in Gajapati district in the fields of Smt. AsmeniMandal .Dr. M. Nedunchezhiyan laid out front line demonstration of 0.2 ha tuber crops-basedfarming system model in Smt. Asmeni Mandal field (Photo 130 and 131) during 2023-24under Tribal Sub-Plan (TSP). The crop and other components are as follows: 0.02 ha greateryam+maize intercropping system, 0.01 ha elephant foot yam, 0.02 ha taro, 0.04 ha sweetpotato, 0.04 ha yam bean and 0.01 ha cassava.  From her own seeds, she has planted rice0.03 ha and ragi 0.03 ha under tuber crops-based farming system. In her remaining land,she has cultivated rice, ragi, maize and foxtail millet, the way she normally cultivates thecrops. Smt. Asmeni Mandal has cultivated vegetables 0.01 ha during rabi season after harvest
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of rice under tuber crops-based farming system. The Regional Station of ICAR-CTCRI hasgiven French bean seeds 500 g and long bean seeds 125 g to Smt. Sarojini Sabar for rabicultivation and also 40 days old 10 numbers of chicks (Sonali). At the time of planting, Dr.M. Nedunchezhiyan visited the field and explained to her how to plant the tuber crops andseed treatment to be followed. Dr. M. Nedunchezhiyan also monitored the fielddemonstration by regular field visits. At maturity the crops were harvested.
Photo 130. Tuber crops-based farming system field of Smt. Asmeni MandalIn tuber crops-based farming system (0.2 ha), Smt. Asmeni Mandal has harvestedrice grains 96 kg, ragi seeds 38 kg, greater yam tubers 495 kg, maize seeds 62 kg, elephantfoot yam tubers 218 kg, taro tubers 408 kg, sweet potato tubers 518 kg, yam bean tubers854 kg and cassava tubers 168 kg. The rabi season vegetable cultivation resulted in 215 kgvegetables (Table 26). The tuber crops-based farming system (0.2 ha model) recordedaverage crop yield of 3072 kg, and meat yield of 18.2 kg with 182 eggs from the poultrybirds. Prior to the interventions, the gross income of the farmer was Rs 12000 withemployment of 50 mandays from 0.2 ha. After intervention of 0.2 ha tuber crops-basedfarming system model, gross and net income of the farmer were Rs 51535 and Rs 31485,respectively with B:C ratio of 2.57 (Table 26). The gross income increased four times. Theemployment generation was 95 man-days/0.2 ha. The tuber crops-based farming system(0.2 ha model) generated additional 45 man-days over before intervention. The employmentgeneration was doubled under tuber crops-based farming system. The crop and animalcomponents in the tuber crops-based farming system was managed by the own familylabourers and the employment was distributed through-out the year (12 months).
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Table 26. Component-wise yield and economics of tuber crops-based farming system (0.2 ha)Sl .Crop/ AreaYieldGrossCost ofNetB:CEmploymentNo.animal (ha)(kg)Incomecultivationincomeratiogeneration(Rs) (Rs) (Rs) (man-days)1Rice 0.039619201100 8201.75 53Ragi 0.0338760 3004602.53 25Greater yam+maize0.02495+6283553300 50552.53 166Elephant foot yam0.0121832701500 17702.18 88Taro0.0240861202700 34202.27 13Sweet potato0.0451877703000 47702.59 14Yam bean 0.04854128104100 87103.12 1810Cassava0.011681680 65010302.58 311Vegetable0.0121543002000 23002.15 10(French bean, long bean etc)Backyard poultry1018.2+36401400 31503.25 6Nos.182+ 910eggsTotal 0.23072+5153520050314852.57 9518.2 +182eggsSale price: Rice Rs 20/kg; Ragi Rs 20/kg; Sweet potato Rs 15/kg; Yam bean Rs 15/kg; Greater yam Rs 15/kg; Colocasia Rs 15/kg; Elephant foot yam Rs 15/kg; Cassava Rs10/kg, Vegetables Rs 20/kg; Meat Rs 200/kg; Egg Rs 5/egg.
Photo 131. Tuber crops-based farming system field of Smt. Asmeni Mandal
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Different cereals, tubers and vegetables were harvested at maturity. Eggs werecollected from the poultry bird. Some portion of the produce was consumed by the family,while other portions were sold to the local markets. The culled and damaged food materialsare fed to the poultry. Tuber crops-based farming system not only increased family incomesbut also employment generations. The details of return and yields are presented in theTable 45. The tuber crops-based farming system increased the net income. Earlier she wasgetting profit of Rs 12000, now she is getting Rs 32880 from 0.2 ha. The tuber crops-based farming system generated more employment of 98 man-days from 0.2 ha and spreadthroughout the year.Smt. Asmeni Mandal has found a way to get more employment through out the year.She has saved the entire money received from tuber crops-based farming system. Now
Photo 132. Elephant foot yam harvested bySmt. Asmeni Mandal

she is planning to constructnew house using tuber cropsmoney. Smt Asmeni Mandalwas very happy and extendedhis gratitude’s to the RegionalStation of ICAR-CTCRI for thesupport and advice tocultivate the tuber crops-based farming system. Nowshe has preserved six types oftuber crops and three types ofvegetables for next seasoncultivation.This model couldincrease the farm income andfood and nutrition securityand alleviate the financialhardship of the marginaltribal farmer. On getting theresult, farmer was very muchconvinced that tuber crops-based farming system is a profitable venture. The farmers in the vicinity are also visitedthe tuber crops-based farming system model and impressed very much by seeing the systemand requested for financial and technical support for them from our Station for initiatingthe such model.
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16. ConclusionThe results of the demonstrations indicated that tuber crops yield was influenced bythe locations. The yield variation of greater yam 21.6-25.6 t/ha, elephant foot yam 21.4-26.0 t/ha, taro 20.2-20.6 t/ha, sweet potato 12.2-13.2 t/ha, yam bean 20.4-22.6 t/ha andcassava 16.8-17.5 t/ha were noticed. Tuber crops-based farming system (0.2 ha model)resulted in gross return of Rs 51150-53215/- and net return of Rs 31100-32615/- withcrops and backyard poultry. The B:C ratio was ranged 2.55-258 with employmentgeneration of 95-103 man-days. Providing small agricultural implements and sprayers tothe tribal farmers reduced drudgery and protected the crops. Supply of water pump setbrought more area under irrigation and ensured definite harvest. The income of the tribalfarmer is doubled with the inclusion of tuber crops in their cropping/farming system andhas sufficient food for household consumption. The tribal farmers used the cash incomereceived from the tuber crops in new assets creating like construction of new house, repairand renovation of the old houses, purchase of tractor as well as giving education andarranging marriages to their children. Thus, food and nutrition security and livelihoodimprovement are achieved through tuber crops technologies.17. Future outlook/ recommendationsThe tropical tuber crops are climate resilient crops. They have great role to play underchanging climate. The tuber crops have special niche in Odisha agriculture. With the capacityto survive in wide range of environments, ability to provide staple food to disadvantagedpopulation, nutritious animal feed and potential to provide various home and industrialproducts, the tuber crops can consistently cater to the food and nutritional security of thepeople. The following measures are useful to promote and popularize the tuber crops;1. Popularization of tuber crops as climate resilient and alternate crops for cropdiversification2. Production and distribution of quality planting materials of tuber crops and capacitybuilding for scientific way of production to increase productivity and income of thefarmers.3. Government policy support for market regulation to improve tuber crops scenarioin the country4. Nutrition and health benefit of tuber crops should be educated to the consumersand students through campaigns.
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5.It is urgent need to popularize various value-added products from sweet potato andother tuber crops (pasta, noodles, extruded products, chips, snack foods, starch etc.)to the consumers through campaign, kisan melas, exhibitions, leaflets etc.6.Studies on market assessment for export potential and their exploitations arerequired.7.Availability of tubers through-out the year for developing value added products bystoring in suitable warehouses/ storage go-downs.8.Entrepreneurship development in tuber crops in collaboration with linedepartments.9.Encouraging Start-ups in tuber crops10.The future of sweet potato and other tuber crops in Odisha lies in its diversifieduses in the industrial sector. In the industrial sector, cassava and sweet potato starchdemand is more in bioethanol and adhesive sector especially in the corrugationgums and textile industry. It finds good demand in the paper industry also. R & Defforts in modifying starch for meeting the quality standards of these industrieshave to be strengthened.11.The socio-economic strategies like popularization of tuber crops based integratedproduct development.So, it is time to understand, accept and promote the tuber crops among the farmingand industrial community.18.BudgetDuring the year 2022-23, the fund received under General and Capital was Rs 40.0and 2.0 lakh, respectively. The expenditure under General and Capital was Rs 40.0 and 2.0lakh, respectively. During the year 2023-24, the fund received under General and Capitalwas Rs 40.0 and 4.0 lakh, respectively. The expenditure under General and Capital was Rs40.0 and 4.0 lakh, respectively.Table 27. Fund received and expenditureYear General CapitalFund received ExpenditureFund receivedExpenditure(Rs. Lakh) (Rs. Lakh) (Rs. Lakh) (Rs. Lakh)2022-23 40.0 40.0 2.0 2.02023-24 40.0 40.0 4.0 4.0Total 80.0 80.0 6.0 6.0
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