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1. Executive summary  

Decline in dietary diversity is considered as one of the major factors behind malnutrition and the 

prevalence of non-communicable diseases such as diabetes in South Asia. Small millets, grown as a 

complement to existing food crops, can contribute to an answer. Performing well in marginal 

environments, small millets have superior nutritional properties, including high micronutrient and 

dietary fibre content, and low glycemic index. However, there has been a drastic decline in production 

and consumption of small millets. In view of this, an action research project 'Revalorising Small Millets 

in Rainfed Regions of South Asia (RESMISA)’ was implemented in the rainfed regions of India, Nepal 

and Sri Lanka to increase production and daily consumption of nutritious small millets. The project 

emphasized on gender sensitive participatory approaches, farmers’ knowledge systems and 

interdisciplinary research to address various issues affecting the supply and demand of small millets.  

To address the production constraints, the project has taken up research on on-farm conservation of 

crop varietal diversity and varietal improvement with the involvement of 3,244 men and 2,586 women 

farmers. Research on conservation of small millets resulted in documentation of 160 local varieties, 

morphological characterisation of 87 landraces, molecular characterisation of 70 landraces and 

development of a protocol for molecular characterisation of small millets. The participatory crop 

improvement research led to identification of farmers’ preferred varieties (maximum up to six) for each 

project site and inclusion of two farmers’ varieties in the national varietal evaluation system. 

Community based seed production was initiated through which quality seeds of fourteen varieties 

were disseminated to 1,866 men and 1,524 women farmers in the sites and 600 men and 643 women 

farmers outside the sites. Several local varieties of small millets that were facing the threat of 

disappearance or discontinued from cultivation were revived in five project sites with the involvement 

of 1,370 men and 769 women farmers. Community seed bank and biodiversity fund were initiated to 

ensure on-farm conservation of these varieties. The project also resulted in protocol on biodiversity 

fair and training manual for participatory varietal selection (PVS). 

The project has taken up on-farm evaluation and improvement of sustainable agriculture practices 

involving 852 men and 599 women farmers. This resulted in identification of improved site specific 

production practices and implements (maximum of six per site), which has potential to increase small 

millets productivity by 20 to 25 % in the region. These practices were disseminated though training, 

cultural programs, picture book and large plot demonstration in 2014 to 3,848 men and 2,450 women 

farmers. As a result 11 practices were extensively adopted in the sites. Location specific natural 

resource management (NRM) measures were identified and were adopted by 1,113 men and 1,385 

women farmers.  

Towards reducing the drudgery of rural women, the project made intensive efforts to develop 

appropriate technology for harvesting, threshing and processing of small millets. It resulted in 

development of prototypes of two centrifugal dehullers, a rubber roller dehuller and a gravity 

separator. The field testing of centrifugal dehuller prototype indicated that the time consumed for 

women for dehulling was reduced by 50 to 70 %. Suitable thresher and harvester models were field 

tested and adopted for the project sites for reducing the drudgery of women and to reduce the risk of 

grain loss due to coincidence of rains with harvest.  

Though small millets are known to be nutritious and healthy, evidences available in scientific literature 

were minimal. The project has evaluated different small millet varieties for their nutritional values and 

consumption qualities and mapped the compositional and functional variability. The results of 

pioneering research on bioavailability of different nutrients, structure of starch, and glycemic index of 

various small millets were presented and published in international journals. Considering nutritional, 

taste and cultural preferences of local consumers, the project standardized more than 40 traditional 

(E.g. Idli, Dosai and Murukku) and modern (Eg. Cookies, Soup sticks and Macaroni) small millet food 

products. These recipes were shared with local entrepreneurs, food industries and consumers. 



 

 

2 

Bioavailability studies were carried out for a few of the developed products. The project identified 

finger millet varieties with better popping ability. It also identified the factors behind blackening of 

finger millet grains and intoxication/ poisoning arising from kodo millet consumption.  

Several studies were conducted to document and revitalize indigenous knowledge and socio-cultural 

practices related to conservation, cultivation, processing and consumption of small millets. The project 

team organized biodiversity and recipe contests in seven sites for bringing out and appreciate the rich 

indigenous knowledge of the site community and school competitions involving 812 students for 

enhancing transmission of the same across generations.  

More than 60 different types of promotional materials such as films, books, posters, exhibition kit, skit, 

songs and handbills were developed to create awareness and promote consumption of small millets. 

A comprehensive outreach campaigns conducted in the project villages engaged more than 14, 000 

persons, mainly women and children. Further, the project organized food festivals, walkathons and 

radio talks to promote small millets in towns and other villages around project sites. These events 

reached around 134000 persons during the project period.  

Based on in-depth analysis of small millets market chain, the project launched an initiative to connect 

urban consumers with local producers. Through this initiative it made available 127 tonnes of hulled 

grains of various small millets to around 61000 consumers, including women SHG members and 

farmers in three provinces. The consumers benefitted by paying 30 to 60 % lower prices than 

prevailing market prices in the region. At the same time farmers also gained higher farm gate prices, 

up to 24 %. The project studied and supported the street vendors in Madurai, India, to increase 

access of small millets to urban poor by building their capacity on hygienic practices and by facilitating 

96 of them to register with food safety authorities by complying with food safety standards established 

by law.  

The project conducted in-depth policy landscaping studies to gain a comprehensive understanding of 

policy environment that governs various aspects of supply and demand of small millets in India, Nepal 

and Sri Lanka. They indicated the policy space available for small millets under several existing 

policies (E.g.: Food Security Act in India, National Agriculture Research Council Vision of 2011-2030 

in Nepal and Mahinda Chintana 2010) and schemes/programs (E.g.: National Food Security Mission 

in India and Mission Programme on Minor Crops in Nepal). The project conducted pilots for 

introducing small millets in Integrated Child Development Scheme (ICDS) in collaboration with 

Department of Women and Children Development in Srikakulum district of Andhra Pradesh (India) 

and in school food programs in Malkangiri district of Odisha (India) and Nepal. Countrywise 

stakeholder workshop was organised in India, Nepal and Sri Lanka to bring all the relevant 

stakeholders on a common platform and brainstorm ways for promoting small millets. Policy lessons 

from the project were synthesised into three policy briefs and shared with the policy makers and wider 

audience through five policy consultation meetings.  

The project researchers synthesized the results of the various research activities of the project into 

comprehensive reports under thematic lines. The project has generated more than 32 peer reviewed 

papers, 56 invited presentations, 17 theses or major papers, 55 research reports and two outcome 

stories and more papers are on the pipeline. The project has conducted two scientific seminars and 

presented 17 papers in Food Security Dialogue organised by the University of Alberta in April 2014. 

The project researchers have participated in more than 30 national and international conferences and 

shared the research findings. The project provided an opportunity to 26 Canadian students, from 

various plant, natural and social science disciplines registered in four participating Canadian 

Universities, to conduct their field and/or laboratory research. It helped them to complete their theses 

research and gain experience related to publications, community development, networking, and 

conference participation.  
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2. The research problem 

Many South Asian countries are facing the double burden of under and over nutrition (Gillespie and 

Haddad 2001). On the other hand incidence of chronic and non-communicable diseases is on the 

rise(Mohan et al. 2009). Increasing research and epidemiological evidence link the lack of dietary 

diversity for these health issues (Popkin et al. 2002). Small millets are one of the important food 

groups which have moved out of the food basket in recent time (Ramachandran 2007). When 

compared to commonly consumed rice and wheat, small millets offer better nutrition in terms of more 

micro nutrients, high dietary fibre, low glycemic index and less glutens (Rao, Nagasampige, and 

Ravikiran 2011). Besides, small millet crops have the ability to adapt to a wider range of growing 

environments. Despite these advantages, small millets cultivation and consumption have declined 

drastically across South Asia (Government of India 2010). The main reasons are low productivity due 

to inadequate research on appropriate varieties and technologies, back breaking nature of harvesting, 

threshing and processing methods, low market demand due to inadequate awareness, lack of 

attractive products and storability and food quality issues, and strong bias of the state’s production 

support schemes and public food programs towards major cereals (Daeton and Dreze 2009). 

Inadequate policy support to small millets is an overarching issue reflected in all the above mentioned 

problems.  

Understanding of the research problem and its many dimensions got enriched and changed slightly 

over the reporting period. On the supply side, the study of uncultivated greens in the small millet farms 

improved the understanding of the team on the holistic contribution of small millets cropping systems 

to nutritional security of the site community, adding to the reasons for promoting small millet cropping 

systems. The problems faced by the small millet farmers related to harvesting and threshing and their 

relationship to grain quality issues faced by food industry and consumers were better understood 

during the course of the project. Similarly the research gap related to appropriate machineries for 

separation of hulled grains from unhulled grains came to light during the project. On the demand side, 

the study of market chain of small millets gave a better understanding of pre-market conditions viz. 

limited number of players operating in a long value chain with low volumes for a limited period in a 

year with, limited infrastructure and support from Government institutions. Similarly the need for 

promotion of bulk products (those consumed in substantial quantity in one serve) to make significant 

impact on the nutritional outcomes, rather than the high cost value added products and challenges in 

reaching the poor with bulk products (given the high cost of small millets other than finger millet) was 

realised in the course of the project. Given these premises, the clear need for a comprehensive large 

scale State intervention to jump start the small millet economy to reach a threshold level (from where 

market can play a strong role) was better understood by the project team. But consultations with 

policy makers made the project team understand that the political leadership was cautious of, if not 

resistant to, in making any changes in public distribution system (PDS) to include nutritious small 

millets. The interdependence across the project countries for meeting the finger millet consumption 

requirements was brought out by the policy landscaping studies.  

The project identified farmers’ preferred varieties and improved production practices, developed DNA 

barcoding signature for small millets, created scientific evidences for the health benefits of small 

millets and developed 40 food products, three dehuller prototypes, a gravity separator and ways for 

improving food quality of small millets. The project also reached large number of public with the 

message of small millets and small millet products and in the process developed a business model for 

wider distribution of small millets for regional consumption at affordable price and demonstrated 

introduction of small millets in public food programs. In these ways the project contributed to address 

the multiple bottlenecks faced by various stakeholders in the journey of small millets from farm to the 

food basket within the regional/ country contexts. The project also identified the policy changes and 

the institutional arrangements needed for mainstreaming small millet consumption and the critical 

research gaps that need to be further addressed. The learning from the project has global relevance 
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for addressing the malnutrition issues widespread across the nations and can also be applied to other 

geographies with significant presence of small millets.  

 
Project sites  

The project has been implemented in six 

sites in four different Indian states 

(Jharkhand, Odisha, Andhra Pradesh, and 

Tamil Nadu), one site in Sri Lanka and 

another in Nepal. The selected sites fall in 

the backward rainfed areas, which have 

high incidence of poverty and, food and 

nutritional insecurity. As can be seen from 

the map, two of the sites in India namely 

Dumriguda and Semiliguda fall in tribal 

Dandakaranya region of eastern plateau 

and hills agro-climatic zone. Bero, another 

tribal site in Central India, is located in the 

naxalite-prone pocket of Jharkhand. 

Jawadhu Hills, another tribal site in 

Southern India is located in the Eastern 

Ghats of Tiruvannamalai district. Anchetty 

is located in the Melagiri Hill range of 

Krishnagiri district in the remote Tamil 

Nadu and Karnataka border. Peraiyur site 

is located in the Madurai district of Tamil 

Nadu. Tiruvannamalai and Krishnagiri are 

some of the most backward districts in Tamil 

Nadu. In Sri Lanka, the project site 

Thanamalwila is located in the dryzone of Moneragala district and is known for settlement of various 

community groups from far off places. The site in Nepal falls in the hilly tracts of Kaski district and 

Dhading district. The sites selected fall in the most backward regions of their respective states and are 

rather poorer and more food insecure than their respective state’s performance. For instance 

Jawadhu hills is the least developed block in Tiruvannamalai district. The small millets and associated 

crops cultivated in the project sites include finger millet, little millet, barnyard millet, kodo millet, niger, 

horsegram and field beans.  

Project partners  

Two lead PIs coordinated the project [Dr Kirit Patel, Canadian Mennonite University (CMU) and        

Mr Karthikeyan, DHAN Foundation (DHAN)]. Three regional development NGOs were primarily 

responsible for project implementation: DHAN (India), Local Initiatives for Biodiversity Research and 

Development (LI-BIRD; Nepal) and Arthacharya Foundation (AF; Sri Lanka). DHAN collaborated with 

three third party organisations in India-Tamil Nadu Agricultural University (TNAU), Watershed Support 

Services and Activities Network (WASSAN) and All India Coordinated Small Millets Improvement 

Project (AICSMIP) - for various project activities. Similarly CMU collaborated with University of Guelph 

(UG), University of Manitoba (UM), McGill University (McGill) in Canada. The Canadian plant/ natural 

scientist team from UG and McGill collaborated with TNAU and AICSMIP, while the social science 

team from CMU, UM and UG collaborated with the partner NGOs. Thematic anchors from the partner 

organisations brought relevant expertise for implementation across the working countries. Project 

coordination team and thematic anchors collaborated with Project Site Coordinators. 

  

Figure 1: Location of RESMISA Project Sites in South Asia 
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3. Progress towards milestones 

There were 37 project milestones (after combining few overlapping ones) for the project and following 

sections provide details of progress on each of these milestones over the project period of 42 months. 

3.1 Project inception workshop held and report finalized (DHAN, CMU): Achieved 

The project inception workshop was organized between May 3-5, 2011in Madurai, India with a 

focus on team building and bringing a common understanding. All partner institutions from 

South Asia and Canada attended the workshop. The report of the inception workshop was 

given in Annex 6 of the first technical report (TR1). 

3.2  Recruitment of key personnel completed and project steering and advisory committee 

formed (All PIs): Achieved 

(a) Recruitment of personnel: All the key personnel for the planned positions across the 

partner institutions in South Asia and Canada were recruited, though it took some time to place 

a few of them.  

(b) Project Steering Committee: A project Steering Committee was formed with two key 

persons from each of the South Asian partner organization and two team members from the 

Canadian institutions. The list of project Steering Committee members was given in the Annex 7 

of the TR1.  

(c) Project Advisory Committee: Project Advisory Committee (PAC) was formed with experts 

from various backgrounds including plant breeding, food science, development work, 

conservation, grain science, biotechnology and gender. The list of PAC members was given in 

the Annex 6 of second technical report (TR2). 

3.3  Tri-council ethics approval for Canadian partners obtained (CA-PIs): Achieved 

All Canadian partners/researchers and students obtained ethics approval for the specific 

research studies within the project.  

3.4  Protocols for food and nutritional security benchmark surveys finalized (All PIs): 

Achieved 

The purpose of this survey was extended, beyond recording of baseline data, to gain in-depth 

understanding of socioeconomic, cultural, agronomic, and consumption behaviour of community 

in project sites. Protocol for benchmark survey and the interview schedule were developed 

through strong team work across the partners. The benchmark survey interview schedule was 

given in Annex 8 of the TR1.  

3.5  First baseline survey completed, data analysed, and report available (all PIs):  Completed 

Baseline survey was completed at eight sites. It covered socioeconomic and cultural contexts, 

trends in cultivation, consumption of small millets and associated crops and the status of food 

and nutrition security. The survey results reiterated the need for contextualising the broader 

goals of the project namely increasing production and consumption of small millets at each 

project site. The detailed report was appended in Annex 3.1 of the third Technical Report (TR3). 

3.6  Morphological characterisation of genetic diversity at intra and inter-species  level 

completed and report available (All PIs): Completed 

The morphological characterization of 87 local small millet varieties from the site and 63 from 

the germplasm was taken up in all three countries following standard set of descriptors suitable 

for small millets prevalent in the respective country. In India it was taken up by TNAU and 

AICSMIP, in Sri Lanka by Grain Legumes & Oilcrops Research & Development Centre 
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(GLORDC) and in Nepal by LI-BIRD. The detailed report was given in Annex 3.3 of the TR3 and 

Annex 2.1.  

3.7  Protocol for genetic characterization of local varieties developed and molecular analysis 

of select local varieties completed and report available (All PIs): Achieved 

Dr Steve Newmaster and Dr Ragupathy Subramanyam developed a protocol for genetic 

characterization of small millets using flow cytometry, DNA barcoding, and microsatellites 

(Annex 9 of the TR2). Molecular analysis of 26 landraces of five small millets and sorghum from 

India and Nepal sites was completed by Dr Steve Newmaster and Dr S Ragupathy. This work 

resulted in referred papers in Genome and Journal of Ethnobiology and Ethnomedicine (Annex 

2.4 of the TR3 & Annex 1.6). In Nepal, molecular characterisation of 41 landraces of finger 

millet was done by a student.  

3.8  Participatory varietal trials and evaluation completed and report available (LI- BIRD): 

Completed 

Three cycles of PVS trials were completed by South Asian partners in the eight sites in the 

farmer’s fields under farmers’ management practices. Farmers’ preferred varieties (maximum 

up to six) were identified for each focus crop for each project site. Detailed information is given 

in Annex. 2.3.  

3.9  Report on study of farmers’ access to seed networks completed (LI-BIRD): Completed  

LI-BIRD completed the seed network study in one village development committee (VDC) for 

finger millet, maize and rice (Annex 3.5 of the TR3). A manuscript based on analysis of seed 

networks is submitted to International Journal of Biodiversity Watch and currently under review 

(Annex 1.1). AF completed the seed flow study in three villages for finger millet and cowpea 

(Annex 1.2). Further information about seed flow and other practices were collected through 

baseline survey in all the sites and analysis of this information is given in section 2 of the 

baseline survey report.  

3.10  Report on community seed banks and procurement networks for small millet  available 

(LI-BIRD): Completed  

A community seed bank established under the IDRC funded project "Promoting innovative 

mechanisms for ensuring farmers' right through access and benefit regime in Nepal (ABS)" was 

strengthened in Nepal, while a new one was established in Sri Lanka. Community based seed 

production and supply was initiated in five Indian sites with the support of a federation of self 

help groups (SHGs) and thirty farmer groups. About 11,555 kg of seeds of 36 varieties of six 

small millet crops was procured from these farmers in 2013 for reaching to a large number of 

farmers in 2014.  

3.11  Two farmer preferred PVS varieties disseminated through nodal farmers and  supplied to 

formal breeding program for evaluation: Completed 

Fourteen varieties identified in PVS were disseminated to 1,866 men and 1,524 women farmers 

in the sites and 600 men and 643 women outside the sites in the last year of the project (Annex 

2.3). Two local varieties namely Beddha Sama (little millet) from Dumriguda and Sadai 

Kuthiraivali (barnyard millet) from Peraiyur were included in nation-wide Initial Varietal Trial 

(IVT) by the AICSMIP due to their excellent genetic potential.  

3.12 Joint review paper based on scientific literature on best agronomic practices for different 

sites completed (All PIs): Completed 

TNAU, AF and Dr Raizada and his doctoral student completed a manuscript on scientific 

literature available on cultivation practices of small millets in South Asia and Sub- Saharan 
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Africa (Annex 2.11 and 2.12 in the TR3). These documents provided significant inputs for 

identification of potential solutions for the site specific problems to be evaluated on-farm in the 

project sites.  

3.13 Farmer experimentation groups are formed for each site (SA PIs): Completed 

The South Asian partners formed 292 experimental farmer groups in all the project sites. The 

forms of community organisations varied across the sites including women SHG, rainfed 

farmers group, federation of SHGs, etc. These community organisations helped in identifying 

trial farmers, and in dissemination and wider adoption of the research results.  

3.14 Sustainable agriculture kits (SAK) prepared and disseminated to nodal farmers: 

Completed 

On-farm trials and evaluation of potential technologies/ practices were conducted in each site to 

address the production related problems. Based on the results 3 to 6 location specific 

sustainable agriculture practices were identified. These along with the farmers’ preferred 

varieties identified through PVS was packaged into SAK. This package was widely 

disseminated through village level trainings, cultural programs, picture book and large plot 

demonstrations to 3,848 men and 2,450 women farmers in the sites. The details of location 

specific SAK identified are given in Annex 2.4.  

3.15  Protocol for testing nutritional quality of small millets developed (all PIs): Achieved 

Late Dr Koushik Seetharaman and Dr Malathi developed the protocol for testing the nutritional 

quality of small millets. Some of the important analytical processes to be followed in the 

research were documented in the protocol included in Annex 10 of the TR2. 

3.16  Lab analysis of nutritional and medicinal value of local varieties of small millet 

completed (DHAN, LI-BIRD & CMU): Completed  

Local varieties from the Indian sites were analysed for their nutrients with reference to 

carbohydrates, proteins, fat, crude fibre, ash, calcium, iron and zinc by UG, TNAU and 

AICSMIP. Details are given in Annex 2.5.  

3.17  Small millet based products developed for community and local markets (All PIs): 

Developed  

The project standardised and developed more than 40 small millets-based products using kodo, 

finger, little and barnyard millets in India and Sri Lanka. Studies were done for the products on 

physical properties, sensory attributes, consumer acceptability, nutrient analysis, packaging 

materials and shelf life. This work resulted in referred papers in International Journal of Food 

and Nutrition Science, American Association of Cereal Chemists and Madras Agricultural 

Journal. Details are given in Annex 2.5.  

3.18  Survey of post-harvest technologies and constraints faced by women farmers completed 

and report available (SA-PIs): Achieved 

South Asian partners completed this survey with respect to the site specific focus crops and the 

report is given in Annex 10 of the TR1. Findings of the survey guided research on dehuller and 

other technologies for reducing drudgery experienced by farm women during harvesting and 

processing of small millets. 

3.19  Prototypes of dehulling technology developed for field testing (DHAN & CMU): 

Developed 

The project contributed to development of three dehuller prototypes namely single and double 

chamber centrifugal dehullers by TNAU and a rubber roller dehuller by Central Food 
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Technology Research Institute (CFTRI). Details of these different prototypes are given in Annex 

2.6. 

3.20 Video/report on the adoption of post-harvest technologies and their impact on women 

(All PIs): Completed 

Dehuller prototype developed in the project was field tested in four Indian sites and harvester 

was field tested for little millet and finger millet in India. These post harvest machineries were 

found acceptable to the site community. The details are given in Annex 2.6. In Sri Lanka the 

field tested thresher model was found acceptable to the site community and video 

documentation of the same is available in project webpage.  

3.21 Report on indigenous knowledge and gendered practices (food, agriculture, seeds, 

health) completed (All PIs): Completed 

Indigenous knowledge and gendered practices were documented through independent but 

related research activities such as biodiversity fair, scouting for traditional varieties (Annex 8 of 

the TR2), community biodiversity register (CBR), SAK survey, recipe contest (Annex 12 of the 

TR2), study of uncultivated greens in small farms (Annex 3.5 of the TR4) and gender 

assessment studies (Annex 3.2 of the TR4). These were included in their respective reports. An 

exclusive report on indigenous knowledge of small millets was prepared for some sites and 

details were given in Annex 3.8 of the TR3 and 3.6 of the TR4.  

3.22 Community biodiversity registers developed at each site (SA-PIs): Completed  

CBRs were established in all the project sites. In India 12 panchayats registered their CBR with 

National Biodiversity Authority (NBA). CBR was prepared with the focus on crops and this 

process gave the project team an understanding of the overall crop and varietal diversity in the 

sites and helped them in situating the diversity of small millets within the same.  

3.23 Local market survey of small millets based products completed and report available (PIs-

SA): Achieved 

The exploratory survey of local market chains of small millets in the project sites in India, Nepal 

and Sri Lanka was completed and report was provided in the Annex 9 of the TR1. Further, in-

depth study of existing local markets and value chains for small millets in Nepal (Annex 2.29 of 

the TR3) and India were taken up in the project. The findings of these studies were used for 

promotion of small millets and their value added products. 

3.24 Communication material on small millets prepared (SA-PIs): Prepared 

South Asian partners prepared and disseminated more than 60 promotional materials including 

posters, a flip chart, a training manual, five recipe booklets, a recipe book and a booklet on 

small millets, three pamphlets on uncultivated greens, a film on making millet bread, two films 

on preparation of small millet recipes and a film on the theme of ‘Back to tradition’. These 

communication materials are available on the RESMISA project webpage.  

3.25 Workshop of local entrepreneurs organized and report available (SA-PIs): Completed  

DHAN Foundation organised seven workshops involving 151 SHG members engaged in small 

scale food business from Madurai. Similarly it organised two workshops for 86 street vendors 

along with TNAU. WASSAN, AF and LI-BIRD organised a training each for local entrepreneurs 

for setting up food enterprises. These trainings covered the following themes: small millet 

recipes, food processing and hygiene practices, client orientation, mobilizing financial resources 

from public and private sources, liasoning with Government authorities, and business 

management. Besides these, TNAU organised on-campus training programs for dissemination 

of small millet food products. AF organised training for mill owners for improving milling quality.  

http://www.dhan.org/small%20millets/
http://www.dhan.org/small%20millets/
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3.26 Business plans linking producers, entrepreneurs and consumers developed (SA-PIs): 

Completed 

DHAN developed a business plan linking producers, entrepreneurs and consumers at the 

regional level in India and operationalised the same in two steps. It started with demand 

creation and ensuring supply by liasoning with local millers for diverting semi-processed 

produce conventionally sent to Nasik, Maharashtra, to full processing for sale within the region. 

Then within this market channel producers from one site were integrated through direct 

procurement and processing of 17,910 kg of barnyard millet and 8,400 kg of kodo millet. This 

resulted in 24 % hike in price realised by the participating farmers. WASSAN, AF and LI-BIRD 

facilitated the setting up of one finger millet flour mill each. Dumriguda mill was supplying 10 

metric tonnes of finger millet flour per month to a Government co-operative and the Nepal mill 

was supplying to the schools for inclusion of finger millet recipes in school food programs.  

3.27 Measurable increase in the consumption and distribution of small millet based diets in 

project communities (SA-PIs): Achieved 

The project reached to 14103 persons, mainly women, through site specific comprehensive 

promotional campaigns in India. Positive change in consumption was observed in villages 

where dehuller was installed, in the case of small millets other than finger millet. In the four sites 

so far 871 families have utilized the dehullers for processing and around 1,200 kg of grains was 

processed per month for local consumption. One flour mill each in three sites promoted by the 

project was catering to the local community. Revival of vanishing small millet crops has resulted 

in introduction of proso millet and foxtail millet in the food basket of 320 families. Ten schools in 

Nepal have started providing finger millet recipes in mid-day meals to 848 students.  

3.28 Measurable increase in access, availability and acceptance of small millet by peri-urban 

and urban communities (SA-PIs): Achieved  

Through the market chain interventions mentioned in milestone 3.26, DHAN sold small millet 

products through 4 retailers, 10 wholesalers, 17 women federations and 7 food processors in 

three provinces. During the project period 127 tonnes of dehulled small millet grains and value 

added products were sold to 61,190 families. The majority of the consumers were members of 

SHGs, farmers and other lower middle class families in the towns and cities near the sites. The 

price of dehulled grains paid by the consumer was less than the specialty shops by 40 to 60 % 

and 8 to 30 % in the case of departmental stores. In Srikakulam, India, 162 students were 

consuming small millet based food under the pilot initiated by WASSAN with ICDS and 4,162 

students were consuming small millet snacks in Malkangiri, Odisha, India. Twenty one 

entrepreneurs and ninety six street vendors supported by the project have been promoting 

small millet products in three countries.  

3.29 Policy analysis at local and national levels completed and policy paper available (All 

PIs): Completed  

Policy landscaping paper was prepared for all three project countries and shared with the policy 

makers (Annex 3.10 and 3.11 of the TR3 and 3.10 of the TR1).  

3.30  Introduction of small millet in school mid-day meals (or other programs) in pilot villages 

(DHAN): Initiated 

A pilot project on inclusion of millets in the Integrated Child Development Scheme (ICDS) in 

Srikakulum district, Andhra Pradesh (India) was taken up by WASSAN and detailed report is 

appended in Annex 3.9 of the TR4. WASSAN facilitated introduction of small millet snacks in 

the schools of Malkangiri district, Odisha (India) for 4,106 children by the district administration. 

Similarly LI-BIRD facilitated introduction of small millets in mid day meals in 10 schools for 848 

students in Nepal. Details are given in Annex 2.8.  
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3.31  Consultative workshop with local policy constituents organised and report available (SA-

PIs): Completed 

DHAN has organized two policy consultations in Tamil Nadu with the State Planning 

Commission (Annex 3.11 of the TR4). These consultations helped to share the research 

findings with top level policy makers and also served as a platform to discuss the various 

options for supporting small millets production and consumption.  

3.32  Pilot project for providing small millet through public distribution system (PDS) in India 

implemented (DHAN): Not done & related policy study taken up 

Though intensive efforts were made throughout the project period to introduce small millet in 

public distribution system (PDS) in Tamil Nadu and Andhra Pradesh, it could not be 

accomplished. Both provincial governments were concerned about the supply constraints and 

exorbitant cost of subsidizing small millets in addition to their supply of rice with universal 

coverage. A policy study was made to understand the preferences and perceptions of 

consumers and policy makers for promoting small millets through public system and the details 

are given in Annex 2.8. The two policy level consultations emphasized the importance of this 

particular initiative.  

3.33  Two research panels on small millets organised at regional conference in South Asia (All 

PIs): Organised 

Two research seminars were organized as part of Madurai Symposium, a biannual 

development event in India- one on the theme of ‘Recent advances of varietal improvement in 

small millets’ and the other on ‘Recent advances in processing, utilization and nutritional impact 

of small millets’. Around 60 papers were shared in these two events, including 17 from the 

project and the abstract books are appended in Annex 3.7 & 3.8 of the TR4. 

3.34 Annual monitoring survey completed and results analysed (All PIs): Completed 

As proposed in the project monitoring plan, six half yearly review and planning meetings were 

held during the project period in India, Sri Lanka and Nepal to monitor the progress with 

reference to the milestones and to make mid-course corrections.  

3.35  Policy workshop with key stakeholders in South Asia (India, Nepal and Sri Lanka) 

organised, report and policy briefs shared (SA-PIs): Achieved 

DHAN organised a policy workshop in Tamil Nadu with the State Planning Commission (Annex 

2.8) and another in Odisha. Similar workshop was organised at the national level along with 

MSSRF. LI-BIRD also organised a national level workshop. Country specific policy briefs were 

prepared based on the policy lessons from the project (available in project webpage) and 

shared with the policy makers.  

3.36 Strategy for scaling up successful innovations finalised and shared (All PIs): Achieved 

The project partners organized two workshops in Visakhapatnam and Madurai to identify the 

main project results and to discuss the possibilities of scaling up of the same. Based on these 

discussions a detailed proposal for scaling up of the research results was developed and 

submitted to CIFSRF. The proposal involves 12 partners and has plans to scale up the project 

results in ten regions across 5 countries, including two in Africa. The proposal is selected for 

second submission.  

3.37 Project results synthesized, peer reviewed articles submitted/published (All PIs): 

Achieved  

The project researchers synthesized the results of the various research activities of the project 

into comprehensive reports under thematic lines. The project has generated 32 peer reviewed 

http://www.dhan.org/small%20millets/
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papers, 56 invited presentations, 17 theses, 55 research reports and two outcome stories 

(Annex 2 in TRs and output sheet in interim questionnaire). The papers from the project were 

published in professional journals like Genome, Food Security, Cereal Chemistry, International 

Journal of Food and Nutritional Sciences, Medical Anthropology, International Journal of 

Biodiversity Watch, PLoS One, Madras Agricultural Journal and Plant archives. More papers 

are expected in the coming years. The project researchers have participated in more than 30 

national and international conferences and shared the research findings.  

4. Synthesis of research activities and results  

Objective 1: On-farm conservation and improvement of crop varietal diversity. 

The decline in production of small millets is attributed to their lack of competitiveness arising mainly 

from low productivity. Some of the important reasons for low productivity of small millets are: i) rapid 

decline in varietal diversity, ii) inadequate varietal options and iii) lack of timely access to quality 

seeds. Given these problems the project focused on developing participatory approaches for on-farm 

conservation and improvement of crop varietal diversity of small millets. The following section gives 

brief account of the important results of major activities pursued in the project.  

4.1 Documentation and characterization of agro-biodiversity of small millets 

The project involved 1009 men and 862 women farmers in documenting and characterising varietal 

diversity related activities (refer Questionnaire), which has resulted in the following: 

a) Identification of 160 unique local varieties of six small millet crops (Table 1) through transect walk, 

four diversity fairs and community biodiversity register. 

Table 1: Number of local varieties of small millet crops identified in the project 
sites 

Country/ Project Site 
Finger 
millet 

Little 
millet 

Kodo 
millet 

Barnyard 
millet 

Foxtail 
millet 

Proso 
millet 

India       

Semiliguda 24 9   4  

Dumriguda 7 10  1 5  

Bero 5      

Anchetty 9 2     

Jawadhu Hills 5 15     

Peraiyur  1 5 6   

Nepal 29 3  2 6 5 

Sri Lanka 3    4  

Total varieties (160) 82 40 5 9 19 5 

 
b) Morphological characterisation of 87 landraces of five small millet crops from the sites.  

c) Molecular characterisation of 26 landraces from Nepal and India that represent five species of 

small millets and sorghum and 41 landraces of finger millet from Nepal. In the process DNA 

barcoding signature (rbcL, ITS2, trnh-psbA) for molecular characterisation suitable for small 

millets was developed. Further farmers’ taxonomical classification of landraces, based on 

morphological and functional traits, was validated using genetic barcode analysis of classifying 

genetic diversity. Information generated through genetic characterization of 70 millet varieties is 

documented in Barcode of Life Database (BOLD), which can be used by other researchers. 
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d) Compilation of details about released varieties of small millets in all three countries (Annex 2.2). 

4.2 Participatory varietal trials and evaluation 

The project adopted participatory varietal selection (PVS) method to provide an opportunity to farmers 

for evaluating local, creolized, and improved 

varieties under their farm management and 

agro-climatic conditions. Three cycles of PVS 

trials were conducted in all the project sites 

for the relevant site specific small millet 

crops. In these trials 76 local varieties, 46 

released varieties and 22 pre-release 

varieties of small millets were experimented 

by 2,235 men and 1,724 women farmers in 

their fields. Farmers used their land, labour 

and management skills for these trials. The 

project team documented the process and 

recorded farmers’ preferences on different 

yield and usage-related attributes of the crop varieties included in PVS trials. While the detailed 

discussion of the results of PVS trials at each site is provided in Annex 2.3, the summary of the results 

in the last three years is given in Table 2. Farmers’ preferred varieties, maximum up to six, were 

identified for relevant small millet crop for each project site, which included 10 released, 8 pre-release 

and 9 local varieties. 

Table 2: Results of PVS trials conducted during 2011- 2013 

Country/ 
Project Site 

Crop 

No. of varieties  
included in PVS 

No. of farmer preferred  
varieties identified 

Local Released 
Pre 

Release 
Local Released 

Pre 
Release 

Total 

India     
   

  

Jawadhu Hills 

SD LM* 8 6   3 2 0 5 

LD LM# 6 1   1 
  

1 

Finger millet 5 6 1 1 1 1 3 

Anchetty Finger millet 7 14 1 1  2 1 4 

Peraiyur 

  

Barnyard millet 12 3 5 2 1 
 

3 

Kodo millet 5 3 4 1 
  

1 

Semiliguda 

  

Finger millet 18 6 1 
 

2 1 3 

Little millet 10 6   
    

Bero Finger millet 4 5 1 
 

3 1 4 

Dumriguda 

  

Finger millet 1 3 2  
 

1 1 2 

Little millet 2 2   
    

Nepal Finger millet -3 1 6 1 1 4 6 

Sri Lanka Finger millet 3 3 4 
 

1 2 3 

*SD LM- Short duration little millet; #LD LM- Long duration little millet 

Interestingly, some of the local varieties selected by farmers were introduced from other areas by the 

project team. This indicates importance of farmer to farmer exchange of local landraces within and 

across communities. Though crop yield appeared to be the primary criteria for assessing varieties, 

farmers’ selection criteria included several other varietal traits/ dimensions. In addition to yield related 

Figure 2: Barnyard millet varieties evaluated in 
Peraiyur, India 
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attributes (tillering, panicle size and bold 

grains), farmers considered crop 

duration, non-shattering of grains at 

maturity and fodder yield as important 

attributes affecting their varietal 

selections. Women farmers were more 

concerned with non-lodging, uniform 

maturity and grain quality traits, such as 

colour, taste, grain hardiness and 

keeping quality. PVS also brought 

immediate benefits to the target farmers, in having access to a large number of potential varieties. 

Already they have the seeds of promising varieties identified by them. As mentioned in 3.11, two local 

varieties identified in PVS were included in nation-wide IVT by the AICSMIP due to their excellent 

genetic potential.  

4.3 Mapping of seed channels and improving farmers’ access to varietal diversity 

As reported in section 3.9 & 3.10, several studies were conducted to gain understanding of seed 

channels and efforts were made to establish community seed banks. Community based biodiversity 

funds were set up in five sites to ensure continuation of activities related to on-farm conservation. 

Besides these, the following efforts were taken for on-farm conservation and for improving farmers’ 

access to varietal diversity.  

a) Varietal diversity demonstration (VDD) plots and on-site conservation was taken up during 

the last two years of project cycle for popularizing the local varieties and facilitating on-site 

conservation and purification. In 2013 & 2014, VDD plots were established in the farms of 129 

men and 57 women farmers.  

b) Revival of small millet crops/ varieties 

DHAN attempted introduction of small millet crops/varieties which were disappearing or had 

disappeared in four sites, either as main crop or mixed crop, in 2013 with 140 men and 180 

women farmers. Based on the encouraging results in 2013, more farmers came forward and seed 

was supplied to 1270 men and 707 women farmers in the sites and 100 men and 62 women 

farmers outside the site in 2014. This has resulted in revival of little, proso and foxtail millets in 

three sites, barnyard, finger and kodo millets in one site and local varieties of finger millet (2 to 3) 

in four sites.  

c) Use nodal farmers/ institutions for increasing farmers’ access to diversity 

With the view of improving access to quality seeds in the sites DHAN trained 40 men and 40 

women nodal farmers and staff on seed production and initiated community based seed 

production and supply. In 2013, about 7,500 kg of seed of 32 varieties of small millet crops was 

produced by the trained farmers. AF has produced about 4000 kg of four finger millet varieties for 

disseminating to 1200 farmers. 

d) Dissemination of potential varieties identified through PVS 

During 2014, 14 farmers’ preferred varieties identified through PVS were disseminated to 1,866 

men and 1,524 women farmers in the sites through the farmers’ experimental groups and other 

community organisations and 600 men and 643 women farmers outside the site with the 

involvement of 5 civil society organisations. It is expected that this will lead to varietal diversity at 

home, hamlet and village level. Further, as these varieties have shown yield increase of 10 to 25 

% over the check varieties, it is expected that the yield realised by the farmers will increase in the 

coming years. 

Further the project has resulted in protocols on biodiversity fair, training manual for PVS, trained 

manpower, identification of potential areas for policy intervention and a community based approach, 

“We usually grow the Muttan kezhvaragu variety of finger 

millet. Last year we tried the GPU 28 variety for the first time 

in our field under baby trial. To our surprise, we harvested 

129 kg from 0.13 acres, while our usual variety gave only 27 

kg for 0.07 acres. This is the first time we have got so much 

finger millet from a limited area. We are planning to grow the 

GPU 28 variety next year.”  

Amutha, female farmer from Puthur, Nammiyampattu, 

Jawadhu Hills, India 
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which integrates on-farm conservation, participatory varietal selection (PVS) and seed production 

(Annex 1.11). 

Objective 2: To develop Sustainable Agriculture Kits (SAK) and conduct on-farm research on 

production-related constraints. 

Low productivity of small millets is a result of various production constraints, which were to a large 

extent location specific, given the heterogeneous agro-ecological nature of the small millet growing 

regions. The project focused on the following activities to address the site specific problems of the 

small millet farmers: i) on-farm research for adapting existing technologies and agronomic practices 

available for small millets and ii) identifying location specific natural resource management (NRM) 

measures, including soil and water conservation. Both of these activities were built on farmers’ 

indigenous knowledge and their active participation in research process. Detailed report of the various 

research activities taken up under this objective is given in Annex 2.4 and the important results are 

summarized below. 

4.4 Organization of farmer experimental groups and capacity building 

As given in 3.13 292 farmer experimental groups of various forms were engaged across all the sites in 

South Asia. Strengthening the farmers’ experimental groups was done for their effective involvement 

in the project and sustaining the momentum after the project. Several farmers’ training programs were 

organised across the project sites on innovative and improved production practices of small millets, 

redgram transplanting, seed production, field trial management, data recording, farmyard manure 

improvement and home garden management. Exposure visit within and between the locations for 

various demonstration plots was organised for 169 men and 1,346 women farmers.  

4.5 Survey of soil fertility and cultivation practices 

Soil testing was done at five sites in India, Nepal and Sri Lanka and the details are given in Annex 3.6 

of the TR3. As mentioned in 3.12 scientific literature review of effective agronomic practices 

associated with small millets was completed. Dr Raizada, UG, has initiated work for publishing SAK 

manual with 120 low cost technologies. So far, 15 chapters were completed during this project and 

this manual would be made open access under the scaling up grant (CIFSRF Call 4) provided to Dr 

Raizada and LI-BIRD. Survey of cultivation practices was done in seven sites using an extensive 20-

page questionnaire survey developed by Dr Raizada, in collaboration with NGO partners. Data from 

SAK survey and other sources like base line survey and qualitative insights learned from various 

focus group discussions, field visits, and participant observations of project teams were used to 

prioritize major production related problems for each site.  

4.6 SAK and on-farm research to address site-specific constraints and opportunities 

To address the various production related problems and opportunities identified in each site, several 

location specific solutions were identified, considering the cropping system, agro ecological and 

socioeconomic context of each site, for on-farm research and demonstration. These solutions mainly 

included 1) small tools, implements and low cost technologies, 2) potential agronomic practices and 3) 

natural resource management interventions. The first two types of on-farm trials were taken up in all 

project sites with the involvement of 852 men and 599 women farmers. Pertinent trial data and the 

farmers’ feedback were analysed to understand the suitability of tested practices. Exposure visits to 

successful trials were organised to encourage adoption of technology. A detailed report on on-farm 

trials is appended in Annex 2.4. Based on these trials a package of 3 to 6 suitable production 

practices were identified for each site. Some of the results of SAK, and other agronomic trials and 

observations are shared sitewise in Table 3. 
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Table 3: Sustainable agriculture practices identified in the sites- 2011- 2013 

Site & Focus 
crops 

Site specific problems Sustainable agriculture practices identified 

Jawadhu Hills-  

Little millet & 
finger millet 

1) High plant population 
density,  

2) Low soil fertility 

3) Less attention to soil 
and weed management 

1. Using Tirupathur and Uthangarai iron ploughs
1
,  

2. Using spike toothed wooden harrow before and after 
sowing,  

3. Improving quality of seed through seed selection in the 
farm and by grading with sieve,  

4. Reducing plant population by reducing seed rate and using 
thinner,  

5. Top dressing of Jeevamrutham
2
 &  

6. Intercropping with redgram 

Semiliguda- 

Finger millet & 
little millet  

1) High plant population,  

2) Weed menace &  

3) Competition with paddy 
for labour 

1. Using improved H.S. iron plough
3
,  

2. Improving quality of seed through seed selection in the 
farm and grading with sieve,  

3. Transplanting of finger millet,  

4. Intercropping with redgram,  

5. Using modified weeder &  

6. Composting using pit 

Dumriguda- 
Finger millet & 
little millet  

1) High plant population,  

2) Competition with 
vegetables for labour 

1. Transplanting finger millet,  

2. Jeevamrutham and Panchakavya
4
 application & 3. 

Tirupathur model plough 

Bero-  

Finger millet 

1) High plant population, 
2) Competition with paddy 
for labour &  

3) Less attention for weed 
management 

1. Improving quality of seed through seed selection in the 
farm and grading with sieve,  

2. Line transplanting or Guli method
5
,  

3. Using Bhimji kudal
6
,  

4. Ensuring weeding after 30-35 days of transplantation,  

5. Top dressing with Urea &  

6. Tirupathur model plough 

Peraiyur- 
Barnyard millet & 
kodo millet 

1) Low soil fertility &  

2) Inadequate rains 

1. Improving quality of seed through seed selection in the 
farm and grading with sieve,  

2. Basal application of Ganajeevamrutham
7
,  

3. Using optimum seed rate,  

4. Reintroduction of intercropping,  

5. Gap filling at right time &  

6. Top dressing with Jeevamrutham / urea 

Anchetty- 

Finger millet 

1) Low soil fertility,  

2) Crop damage by wild 
animals &  

3) High pesticide use 

1. Improving quality of seed through seed selection in the 
farm and grading with sieve,  

2. Top dressing of Jeevamrutham,  

3. Solar fencing &  

                                                 
1
 These are iron plough models introduced as an alternative to wooden plough used by the farming community. 

Besides addressing the issue of frequent breakage of wooden plough, they have other advantages like higher 
field capacity and better weed removal. More information is available in SAP picture book.  
2
 A locally prepared liquid manure that improves soil fertility. 

3
 Another iron plough model performing better than wooden plough. 

4
 A locally prepared growth promoter. 

5
 Similar to System Rice Intensification, involving usage of 10-15 days old seedlings and wider spacing during 

transplantation. 
6
 A hand operated tool for easing transplantation of finger millet. 

7
 A kind of enriched manure. 
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Table 3: Sustainable agriculture practices identified in the sites- 2011- 2013 

Site & Focus 
crops 

Site specific problems Sustainable agriculture practices identified 

4. Composting using pit 

Nepal- 

Finger millet 

1) High labour intensity,  

2) Weed menace,  

3) Blast incidence &  

4) Low soil fertility 

1. Line transplanting of finger millet, 2. Introduction of 
legumes in the finger millet cropping system,  

3. Shaded pit method of compost preparation, 4. Jab type of 
auto seeder,  

5. Weeding tools & 

6. Blast resistant varieties 

Sri Lanka- 

Finger millet 

1) Primitive system of 
cultivation,  

2) Weed menace,  

3) Wild animal damage  

4) Lack of appropriate 
machinery and tools 

1. Row sowing and transplanting of finger millet for small 
holdings,  

2. Selective herbicide use,  

3. Application of inorganic fertilizers, 4. Storing cowpea with 
wood ash &  

5. Heap method of composting 

 

The sustainable agriculture practices identified were disseminated widely in 2014. As a result the 

following practices were widely adopted both inside and outside the sites: seed grading with sieve 

(4915), using spike toothed harrow (388), transplantation of finger millet (234), furrow transplantation 

of finger millet (115), application of Jeevamrutham (888), Ganajeevamrutham (140), grain-pro bag 

(1174), improved composting methods (313) and improved iron plough models (247). Solar fencing 

was very effective in reducing the risk of 

damage by wild pigs in Anchetty and in 

Jawadhu Hills, improved plough models 

has reduced the drudgery and dependency 

of women farmers on men. A few of the 

results of on-farm trials needs further 

testing. Dr Raizada and LI-BIRD developed 

a project proposal (CIFSRF Call 4) for 

further on-farm research and scaling up of 

SAK technologies in Nepal. 

4.7 Location specific NRM measures 

Location specific NRM measures were tried out with 385 men and 658 women farmers. In India, silt 

application (for increasing soil fertility and improving soil structure), land levelling, earthen bunding, 

uprooting of Prosopis juliflora (a thorny shrub which spread on uncultivated land), stone bunding and 

home garden were identified as the location specific NRM measures in four sites. In Nepal, home 

garden, diversity kits and signal grass introduction as forage were identified as the location specific 

NRM measures. In Sri Lanka, demonstrations were conducted on in-situ rain water conservation by 

using sunken beds and tied ridges. Also farmers were trained to use organic mulches for both in-situ 

water conservation and to suppress weeds. Location specific NRM measures were adopted in 2014 

by 891 men and 1,107 women farmers in the sites and 222 men and 278 women farmers outside the 

sites.  

4.8 Lab research to support SAK 

Dr Raizada and his students took up research on root architecture of finger millet (Annex 1.16), 

beneficial fungus and bacterium in finger millet which has fungicidal properties (Annex 1.15), genome 

“I am from a traditional farming family. Previously, we used 

broadcasting for finger millet cultivation. With the project we 

learnt to cultivate in rows. It is a very good method. I can 

control weeds easily between rows and get higher yields. We 

also learnt a lot from the project about pest and disease 

control.”  

Damyanthi, a small millet farmer from Kahakurullanpelessa, 
Sri Lanka 
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sequencing of the M6 bacterium and a new diagnostic technology called GlnLux which may help 

finger millet farmers in nitrogen fertilizer management (Annex 1.17).  

Three years of participatory research also resulted in a comprehensive approach with a set of tools 

and methods for understanding site specific production problems and identifying suitable activities for 

addressing the same. 

Objective 3: To develop and adapt appropriate post-harvest technologies and add value.  

Among the many issues that hindered consumption of small millets, lack of adequate scientific 

evidences for specific health benefits of small millets, inadequate development of small millets 

products and drudgery related to post-harvest operations, mainly dehulling were the most important 

ones. To address these issues, the project focused on the following three major research areas:       

(i) testing the nutritional quality of small millets, with special attention to local landraces and examining 

why millet is healthful and whether the health claims of small millets can be validated, (ii) developing 

healthy and attractive products both for home and market based consumption and (iii) improvising 

and developing technologies to address the post harvest problems. The detailed information on the 

research activities are given in Annex 2.5 & 2.6 and their important results are summarized below. 

4.9 Evaluation of different small millets varieties for their nutritional values and consumption 

qualities  

a) The nutritional and functional qualities of different millet types in their whole and decorticated 

forms were investigated by late Dr Seetharaman’s lab. The study reported significant differences 

in the composition and in vitro starch digestibility of the different whole and decorticated millet 

types. The study of impact of parboiling suggested that parboiling improves the yield of 

decorticated millets and also changed the nutritional composition and in vitro digestibility of the 

products significantly. 

b) Structure of starches present in various small millets was studied to understand why small millets 

have lower glycemic index as compared to rice and wheat. The study resulted in various scientific 

publications describing differences and similarities in physical and molecular characteristics of 

starches extracted from pearl, proso, foxtail and finger millets. For instance, the results indicated 

similarities in pearl and finger millet starches, but they were different from proso and foxtail millets 

starches. The characterization of unit chain and internal chain of the amylopectin of millet 

starches was also studied. The differences observed in millet starches would help in explaining 

differences in functional characteristics in food products.  

c) Research indicated that starch-protein-lipid interaction plays very important role in hydrolysis of 

millet starches. Further analysis indicated that presence of lipids, found mainly in outer seed coat 

or bran of small millets, had more significant impacts on hydrolysis of millet starches. This implies 

that if outer coat rich in lipids and dietary fibres gets heavily brushed in the process of 

decortication or dehulling, the resulting grains and their products would have significantly high 

glycemic attributes. The study also showed that the type and amount of fatty acids present in 

these millets significantly influenced their glycemic index. Dr Seetharaman’s students are 

continuing research on finding ways to reduce glycemic index of small millets products by adding 

lipids (fatty acids) isolated from either small millets or other plant sources. This research has 

excellent potential for application in development of small millets based healthy products with low 

glycemic index and high protein content. 

d) Nutritionally rich millet varieties were identified by TNAU based on nutritional analysis of 20 

varieties from the sites. Similarly AICSMIP identified land races from the sites that had higher 

amount of zinc (five) and calcium (two) when compared to the standard variety GPU 28. AICSMIP 

also identified foxtail millet accessions rich in protein and micronutrients in India. These data will 

help in varietal conservation, dissemination, and in product development. 
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e) Identification of finger millet varieties for popping: Screening of finger millet varieties for 

popping ability by AICSMIP indicated that i) the average popping percent was around 60 %, ii) CO 

10, INDAF-3, Karun gaddi ragi, PR 202, Purna, GN 4, ES 11 and PRM 2 were found to be the 

superior finger millet varieties for popping, iii) the brown seeded varieties are better for popping 

and iv) popping character may be inheritable. The popping ability of Sri Lankan varieties was 

found to be unsatisfactory. 

4.10 Development of millets based food-products for rural and urban consumers  

In India incorporation of small millets (barnyard, kodo, finger and little millets) in traditional south 

Indian breakfast, sweets and snack foods was standardised. Bakery products like bread, cookies, 

cake, soup sticks and khari, pasta products like vermicelli, string hoppers, macaroni and noodles, 

flaked and popped products and instant mixes using small millets were standardized and analyzed for 

their nutritive value. These products were disseminated to 1,669 persons including site families, 

entrepreneurs and food industries. In Sri Lanka ten finger millet products were standardised and 

demonstrated to the rural and urban population. Three new products were introduced to Helabojun (a 

restaurant opened by the DOA to introduce traditional food to consumers) at Peradeniya. The details 

of the products developed are given in Annex 2.5. 

4.11 Bioavailability of nutrients from different product matrices 

The developed products were evaluated for sensory quality and acceptability, nutritional values and 

glycemic index (GI). The major findings from UG are: 

a) Finger-millet-incorporated bread (25 % incorporation) had the lower GI (67.5 %) than wheat bread 

(CMU Annex 2.6).  

b) Expected GI of proso millet flour, porridge and extruded products were lower than flour, porridge 

and extruded products from corn.  

c) Finger-millet-incorporated bread had higher overall consumer acceptability scores than pearl 

millet bread. 

The major findings of TNAU are:  

a) The millet based cookies were found to be highly acceptable to consumers at 50 % incorporation 

level and bread at 20 % incorporation level.  

b) The reduction in the blood glucose levels and improvement in plasma insulin level and 

haemoglobin content was higher in the rats fed with kodo millet cookies than with other small 

millets.  

Addressing post-harvest constraints of small millets 

4.12 Survey of post-harvest technologies and constraints faced by women farmers 

As mentioned in 3.18 South Asian partners have completed this survey in the beginning of the project. 

Besides video documentation of traditional agricultural implements, traditional post-harvesting 

processes followed for small millets in Indian sites and traditional stone graining mill and water based 

grinding mill in Nepal was done.  

4.13 Developing/refining dehuller for small millets  

The project developed three prototypes. The single chamber centrifugal dehuller prototype developed 

for little and foxtail millet was field tested in 4 project sites. It was found that the improved dehuller 

prototype has reduced the time spent by women for dehulling by 50 to 70 %. This model was further 

modified into a double chamber dehuller, to extend its capacity for dehulling of kodo and barnyard 

http://www.youtube.com/watch?v=J6hH9LG_Gl0;list=UUBmHXLJsP7XpwSDpgbl3Y7Q
http://www.dhan.org/smallmillets/av.php
http://www.dhan.org/smallmillets/av.php
http://www.youtube.com/watch?v=_nfeaHD8Ips
http://www.youtube.com/watch?v=DZs2alPURXY
http://www.youtube.com/watch?v=DZs2alPURXY
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millets. The performance of double chamber model was tested for different grains parameters (viz. 

type of millet, moisture content, 

parboiling) and machine parameters 

(number of impellers, type of casing, 

speed of impeller, no of vanes, etc) and 

the hulling efficiency and broken 

percentage were calculated. Detailed 

report is given in Annex 2.6. The project 

developed rubber roller dehuller and 

gravity separator with the support of 

Central Food Technology Research 

Institute (CFTRI). The project also field 

tested dehuller prototypes from McGill 

and Central Institute of Agricultural 

Engineering (CIAE). The profile of the 

different models of dehullers field tested 

is given in the Table 4 and further details 

are given in Annex 2.6. 

 

Table 4: Profile of dehuller prototypes field tested in the project 

Sl. No. Dehuller model Critical parameters 

1. Centrifugal prototype 1 by 
TNAU 

Impact type; single chamber; 40 kg per hour capacity; 
single phase; single hp; village level use 

2. Centrifugal prototype 2 by 
TNAU 

Impact type; double chamber; 75 kg per hour capacity; 
three phase; three hp; village level use 

3. CFTRI Prototype Rubber roller type; 100 kg per hour capacity; village level 
use 

4. Mini dehulling machine by 
McGill  

Rubber roller mill, 5 kg per hour capacity; household 
level use 

5. Millet mill by CIAE Abrasive type, 50 kg per hour capacity; village level use 

 
4.14 Modification of existing harvesting/ threshing machinery for small millets:  

 In India, ‘Four walker multi-crop thresher’ and ‘Pulse thresher’ were evaluated for their suitability for 

threshing finger and kodo millets; the first one was found suitable for finger millet. In Sri Lanka, a 

model of panicle thresher was introduced for threshing finger millet and found satisfactory for the 

farmers. It reduced the time consumed for threshing by 35 %. In Nepal, two models of manual finger 

millet threshers developed by Nepal Agricultural Research Council (NARC) were tested in 2012 and 

2013. The threshers were preferred by farmers but farmers opined that they will be effective if 

operated by electricity.  

AICSMIP screened commercially available reapers for harvesting of finger millet and found the 

Shrachi Taro Reaper suitable based on field testing. DHAN and TNAU team tested two paddy 

harvesters – ‘Walk-in type’ and ‘Riding type’ – and found the former suitable for little millet sole crop in 

Jawadhu Hills. These harvesters reduced the time taken for harvesting by 32 times, thereby reducing 

the drudgery and meeting the community’s need for harvesting in a limited period of time during rainy 

days. So the post-harvest technologies developed/ improvised by the project reduced the drudgery 

and saved the time of farming community, particularly that of women. Moreover, they reduced the risk 

Figure 3: Dehuller being used by villagers in Semiliguda, 
India 
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of grain loss due to coinciding of rains with harvesting period and improved the grain quality by 

reduction of extraneous materials. 

Results of other research activities on food quality 

a) Identification of organisms/ factors causing blackening of finger millet grains 

b) Identification of organisms/ factors causing poisoning from kodo millet consumption  

c) The optimization of the parboiling process for kodo millet and foxtail millet  

d) Analysis of porridge samples of street vendors: The microbial load was found to be well within the 

safe limit.  

Objective 4: Revitalize indigenous knowledge and socio-cultural practices (IKSP). 

The unique feature of the RESMISA project is that it builds upon farmer’s indigenous knowledge and 

innovations and promotes them within and across project sites. Considering women’s special role in 

dryland agriculture, project employed gender sensitive approaches to emphasize on women’s 

indigenous knowledge related to seeds, post harvest processing, cooking and other domains. Specific 

activities to document farmers’ knowledge and practices related to conservation, cultivation, 

harvesting and processing are reported in earlier sections. Activities in this section strive to 

understand ecology (current socioeconomic, cultural and institutional contexts) of indigenous 

knowledge systems in which farmers’ knowledge is produced and practiced. The details of major 

activities and outputs, engaging 2709 male and 2657 female farmers, pursued under this objective 

are given below. 

4.15 Documentation of IKSP on small millets  

The accomplishments include completion of the following: 

a) Site level IKSP report for five sites (Annex 3.8 of the TR3 & 3.6 of the TR4) 

b) CBR preparation in all the sites covering crop and varietal diversity of small millets and associated 

crops  

c) Documentation of traditional recipes of small millets in five sites through recipe contests  

d) Documentation of uncultivated greens found in the small millet fields and their use for food and 

medicine in four sites (Annex 3.5 of the TR4) 

e) Documentation of dietary diversity and recipes in daily use in three sites through recording daily 

food intake of the sample families for 30 days 

f) An in-depth study of dietary diversity and role of small millets in management of type 2 diabetes 

(T2D) (included > 700 respondents) was conducted by a doctoral student examining prevalence 

of T2D in Anchetty site 

4.16 Transmission of indigenous knowledge 

 Seven school competitions were conducted in five sites of India, Nepal and Sri Lanka by Canadian 

students and the South Asian partners in which 812 students had participated. Systematic knowledge 

tests were carried out to understand the content, process and pathways of the transmission of 

indigenous knowledge from adults to children. These studies indicated inadequate transmission of 

small millets related IKSP and the need for revitalising the same. The students are planning to publish 

two papers from these studies.  

4.17 Revitalising IKSP on small millets 

As mentioned in the earlier sections revitalising IKSP was attempted through inclusion of potential 

local varieties in PVS trails in all the sites, revival of vanished small millet crops and declining local 
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varieties and introduction of three kinds of ploughs, two kinds of seed drills, spike toothed wooden 

harrow, thinner & digging implement in four sites in India.  

Objective 5: To create awareness of the wholesomeness of small millets and enhance their 

status in mainstream diets. 

Inadequate awareness of the health benefits of small millets, deskilling related to their use, and 

inadequate availability and high price of small millets other than finger millet in the local markets are 

important factors limiting consumption. In order to ensure increase in consumption at the household 

level, the project made attempts (i) to enhance the social profile of small millets based diets, (ii) to 

study various actors involved in market chain, from farm to fork, and establish alternative system that 

increases access to small millets based products in local as well as regional markets, especially for 

lower income groups and enhances gains for small producers, and (iii) to promote local food 

distribution chain, such as street vendors, selling small millets based products to urban poor 

consumers. Various studies and initiatives were made towards this end and a detailed report on them 

is given in Annex 2.7. The important results of the various activities are summarized below. 

4.18 Understanding the market environment through consumer survey and market studies 

The project carried out following five survey /studies to understand the status of access and 

availability of dehulled grains and value added small millet products, the various actors involved in the 

market chain and their issues, and the possible interventions: 

 

a) Local market survey in all the sites (Annex 9 of the TR1) 

b) Consumer survey in Sri Lanka (Annex 2.16 of the TR3) 

c) Consumer survey of street vendors in Tamil Nadu, India (Annex 2.37 of the TR4) 

d) Study of marketing channels and value chain in Nepal (Annex 2.29 of the TR3)  

e) Investigative study of small millet market chain in India  

Enhancing the social profile of small millets based diet  

4.19 Preparing promotional materials on small millets 

a) Posters: Thirty nine posters were developed on the health benefits of small millets across the 

sites in English and vernacular languages.  

b) Films: Two films on preparation of recipes (one in India and Sri Lanka each) and a film on the 

health benefits of small millets from the perspective of users were produced  

c) Pamphlets and booklets: Eighteen pamphlets and booklets were prepared by the project 

partners on small millets (the general benefits of small millets, their historical significance and 

place in the local culture and recipes) and on uncultivated greens in small millet farms.  

d) Cultural program on small millets: DHAN developed the site specific content for cultural 

program, including a short skit and a set of songs in Tamil language.  

These promotional materials can be accessed at http://www.dhan.org/smallmillets/ 

4.20 Promoting consumption of small millet products 

The strategy of exclusive approach for different consumer segments namely site community and non- 

site consumers was followed to promote small millets consumption in the project.  

 

 

http://www.dhan.org/smallmillets/
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a) Promoting small millets consumption among the site community 

A comprehensive promotional campaign 

was taken up in the site villages including 

1) reaching the message of small millets to 

a broad audience through cultural program, 

wall painting and pamphlets,                      

2) conducting awareness among the school 

students through cultural program, 

exhibitions, presentations, and essay and 

drawing competitions, 3) conducting recipe 

demonstrations, including infant recipes, 

mainly targeting women, 4) counselling 

individual families and behavioural change 

communication (in 3 sites), 5) creation of 

local infrastructure for processing for 

reducing drudgery and 6) introduction of 

small millets in public food programs. Around 14100 persons were reached in the sites through these 

efforts. The response of the site community widely varied across the locations and across the small 

millets based on the initial level of consumption, predominance of cultivation, ease of processing and 

price. In sites, which had a culture of regular consumption of small millets, the project has resulted in 

introduction of new recipes. In other sites where consumption was less, the project has resulted in 

increase in frequency of consumption besides the introduction of new recipes. Sitewise progress is 

shared in Annex 2.7.  

The data collected from the three sites in India indicated that 76 % of the respondents had gained 

knowledge on nutrients available in each of the small millets, health benefits and new recipes. A 

marked increase in consumption of small millets other than finger millet was observed in villages 

where dehullers were field tested. Majority of the families kept part of the produce for consumption 

instead of selling the whole lot as in the earlier years. So far 871 families utilized dehullers in the 

above sites. Improving the dehuller assembly to further reduce the drudgery faced by women and 

making these assemblies widely available across the producing regions with the support of 

Government and involvement of local entrepreneurs can result in substantial increase in consumption.  

Revival of vanishing small millet crops for food consumption based on the interest evinced by the local 

community also led to diversification of diets as shown by the project experience with 320 families in 

2013. The project experience also indicated that promotion of traditional recipes involving 

replacement of or combining with the mainstream cereal (rice/ wheat) with small millet was more 

acceptable to the site community. Ten schools in Nepal have introduced finger millet products in 

school mid-day meals and 848 students were benefited from this intervention. One flour mill in each of 

Dumriguda, Sri Lanka and Nepal was selling finger millet flour to the public. The overall results in all 

the sites indicated that promoting diversification of small millet crops, creation of dehulling / milling 

infrastructure and introduction of small millets in the public food programs combined with awareness 

raising and skill building on the use of small millets were effective in increasing the consumption of 

small millets.  

b) Promoting small millets consumption among the non-site community 

The project activities taken up in this regard include, 

Figure 4: Recipe demonstration in progress in Semiliguda, 

India 
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i. Promotional events: The project 

organised 2 walkathons, 3 food festivals, 

5 cultural programs and 33 school events 

and took part in 11 large scale events like 

exhibition. Through these events 133832 

persons were reached with the message 

on small millets. DHAN organised 

walkathon on the theme of ‘Agricultural 

Biodiversity and Food Security’, with a 

focus on small millets for two years in 24 

places across six states, wherein 122519 

persons were reached, including students 

and women SHG members (Annex 3.9 of 

the TR3).  

ii. Promotion through media: Promotion of small millets through radio program was taken up 

three times through public radio programs and several times through LI-BIRD Ko Chautari, a 

radio program operated by LI-BIRD. Two programs were telecasted on Doordharshan in India. 

More than 25 articles were published in news papers and popular magazines. 

iii. Promotion through organised bodies: Promotion through recipe demonstrations and access 

to small millet products was taken up with 40 organised bodies, including women federations, 

farmers’ federations, apartments, schools and colleges. 

iv. Promotion through local 

entrepreneurs: Training was 

conducted for 164 entrepreneurs of 

whom 21 have already initiated small 

scale food enterprises. One finger 

millet flour mill was setup each in 

Nepal, Sri Lanka and Dumriguda and 

it has been linked with local 

stakeholders and schools, which have 

introduced finger millet products. 

Agro-processing centre was initiated 

to support local entrepreneurs in each 

of the three Tamil Nadu sites. 

v. Promotion through various market 

channels: DHAN developed and 

operationalised a business model for improving the farm gate price and for promoting regional 

consumption by lowering the consumer prices. This was done through shortening of value chain 

which extended up to processing mills in Nasik, Maharashtra. During the project period 127 

tonnes of dehulled small millet was sold to 61190 consumers, including large number of women 

SHG members and urban consumers in three provinces. As mentioned in 3.28 the price of 

dehulled grains paid by the consumer was less than the other outlets. In another pilot, farmers 

realised better farm gate price by 24 %. In the process, business relationship was established 

with market actors such as millers (3), wholesalers (10), retailers (4), cookies manufactures (2), 

snacks producers (5), restaurants and food caterers (3) and NGOs (2). Retail outlets were 

promoted in eight places including five people federations.  

Figure 5: Walkathon held at Tumkur, Karnataka 

Box 1: Women organisations promoting small millets 

The Women Kalanjiam Federations of Salem region, 

supported by the DHAN Foundation, have promoted small 

millets among their 30,000 member families. This was 

triggered by the WALKATHAON, a public awareness event 

in February 2013, in which an oath was taken by members 

to incorporate small millets in their diet. Around 20,000 

interested members purchased 1kg each of little millet, kodo 

millet, barnyard millet and foxtail millet, and tried them in 

their homes. About 40% of the women members have 

declared a wish to incorporate small millets on a periodical 

basis. To meet this increasing demand, the collective of 

women’s federations at Salem started an outlet selling the 

millet varieties. 
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vi. Strengthening the Porridge 

Pushcart Vendors (PPV): Two 

students from CMU studied 

issues and opportunities faced 

by street vendors, especially 

millet porridge vendors in 

Madurai, India, to promote small 

millets based products to poor 

urban consumers. DHAN and 

TNAU organised two workshops 

on ‘Good Hygienic and Food 

Handling Practices’ for street 

food vendors and facilitated 

registration with food safety 

authority for 96 vendors. 

Detailed report is given in Annex 

2.7. 

In summary, the project has produced 

more than 60 different types of 

promotional materials, conducted 

large scale events reaching to 

133852 families and developed a 

functioning business model to offer 

small millet products at an affordable 

price and to increase farm gate price. 

It also generated protocols for large 

scale promotional events and 

comprehensive promotional strategy 

for various target groups, and a 

working model for supporting street 

vendors, which can be used in other 

geographies also.  

Objective 6: Public policy analysis and change aimed at policy environment conducive to 

small millets. 

Inadequate policy support for small millets was an overarching issue that contributes to other 

production, processing, consumption and marketing related problems. To address this the project 

attempted the following: i) analysing the policy landscape to identify available opportunities for 

supporting small millets production, research and consumption, ii) taking up policy studies that can 

feed to the existing/emerging policies and programs, iii) demonstrating the innovative use of existing 

policies, iv) networking with stakeholders for collective action and v) sharing the policy lessons 

emerging from the project with the policy makers. A detailed report on these attempts is given in 

Annex 2.8 and the summary of the various activities is given below. 

4.21 Analysing existing policies  

As mentioned earlier, policy landscaping papers were prepared for the three project countries with a 

focus on millets (Annex 3.10 and 3.11 of the TR3 and 3.10 of the TR4). These papers analysed the 

existing Government policies and programs on millets, to promote production, consumption and 

research on small millets and compared the same with other food grains. It was found that i) there 

were no exclusive Government schemes/projects/ programs for small millets, ii) there were only few 

Box 2: An innovative way of bringing millets to the urban 
poor 

In the context of rising urban poverty, pushcart porridge vendors 

(PPV) play a significant role in meeting the food requirements of 

the urban poor by selling nutritious millet food. A study by 

Canadian students of these vendors in Madurai, Tamil Nadu 

indicated that on average, each PPV reaches 48-95 consumers 

per day, of whom 73 % are casual labourers. The general 

perception is that food served by PPVs is not hygienic. DHAN as 

part of the RESMISA project engaged with these vendors and 

provided customized training in hygienic food handling practices 

considering their work environment with the support of TNAU. 

DHAN also facilitated 96 PPVs to be licensed by the Food 

Safety and Standards Authority of India (FSSAI). The training 

resulted in adoption of simple but effective hygienic practices 

like cleaning the pushcarts every day, cutting the nails and 

keeping it clean, using towel for cleaning hands after serving 

instead of own cloths and covering all the food items. This has 

led to a 30-35% increase in customer numbers. Investing in this 

market channel would be a way to reach a large number of 

people; the model could also be replicated in other cities.  
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Figure 6: Introduction of finger millet recipes in School, 

Nepal 

that explicitly include millets and, iii) even where it was explicitly included, these schemes not fully 

implemented and funds were underutilized. All the three studies indicated the policy space available 

for promoting small millets in the existing policies (E.g. Food Security Act in India, National Agriculture 

Research Council Vision of 2011-2030 in Nepal and Mahinda Chintana 2010) and schemes/programs 

(Eg. National Food Security Mission in India and Mission Programme on Minor Crops in Nepal). They 

also indicated the changes and convergence needed in the existing policies and new policies needed 

for inclusion of small millets in mainstream diets.  

4.22 Policy studies  

A study on “Exploring feasibility of promoting small millets through PDS” was taken up by a 

postdoctoral student from CMU & UM, Canada with the support of DHAN & WASSAN. His study 

revealed that people had adequate knowledge and positive attitude pertaining to the small millets. But 

the transformation of positive attitude to action was weak due to the lack of government support, non-

availability of processed millets, high price of small millets, and availability of cheap rice through PDS. 

These multiple issues related to processing technology and access are to be addressed to enhance 

consumption. On the other hand, policy makers are constrained by higher cost of procuring small 

millets and lack of political support for diverting financial resources currently allocated for rice and 

wheat distribution through public systems. A detailed report is given in Annex 2.8. 

4.23 Innovative use of existing policies 

a) Pilot project on introduction of millets into ICDS menu: A pilot project on inclusion of millets in 

the ICDS in Srikakulum district, India was taken up by WASSAN in collaboration with Department 

of Women and Children Development. Currently the pilot serves 8 days each of foxtail millet and 

pearl millet based menu to the 162 children and rice for the remaining 10 days. Replacement of 

rice with foxtail millet increased protein composition by 20 %, calcium by 21 % and iron by 57 %. 

The pilot was showcased and the related policy lessons were widely shared with local 

stakeholders in the district through a 

workshop and to a wider audience through 

policy workshops at Tamil Nadu, Odisha 

and Delhi.  

b) Introduction of small millet recipes in 

school food programs: The project 

partner WASSAN facilitated the 

introduction of millet based snacks to 4162 

students in the government social welfare 

school hostels in three blocks in Malkangiri 

District, Odisha, India. LI-BIRD facilitated 

introduction of finger millet recipes in mid-

day meals 1 to 4 times per month in ten 

government schools catering to 848 

students in two districts.  

4.24 Networking with other relevant stakeholders 

A national stakeholder consultation meeting was organised in India at Coimbatore, India by DHAN 

and TNAU for bringing all stakeholders- producers, market chain actors, food industries, machinery 

fabricators, researchers and development agencies- to a platform and identify ways to collectively 

address various issues faced by them. More details are given in Annex 2.8. DHAN worked closely 

with the State Planning Commission (SPC) and Department of Agriculture (DOA) in Tamil Nadu, 

Central Institute of Agricultural Engineering (CIAE), Central Food Technology Research Institute 

(CFTRI) and Revitalising Rainfed Agriculture (RRA) network. WASSAN served as a member in the 
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Andhra Pradesh Nutrition Committee and worked with Initiative for Nutritional Security through 

Intensive Millet Promotion Scheme and NABARD. AF entered into a MoU with the department of 

agriculture and Ruhuna University. LI-BIRD worked closely with NARC and other stakeholders. The 

research results of the project were shared with the small millet scientists during the annual meeting 

of AICSMIP, Jabalpur. 

In India, the state of Karnataka was providing better supportive policy environment for small millets. 

So an exposure and learning visit was organised for three policy makers from Sri Lanka to understand 

the advancement in varietal improvement, production practices, processing technologies and product 

development and the support offered by the state for seed distribution, production, village level 

processing and distribution through Public Distribution System for finger millet. The participants came 

forward to take initiatives for increasing production and consumption of finger millet in Sri Lanka.  

4.25 Sharing the policy lessons emerging from the project with the policy makers  

As mentioned earlier, policy consultation meetings were conducted in Tamil Nadu, Odisha, Andhra 

Pradesh and Delhi in India and in Nepal. Three policy briefs were prepared and widely shared with 

the policy makers. During these events, policy lessons emerging from different activities of RESMISA 

project were presented. The important action points suggested were: i) trying out integrated support 

initiatives in production clusters for effectively linking local production and consumption, ii) supporting 

entrepreneurs and processors for promoting small millets related enterprises and iii) introducing small 

millets in Public Food Programs and Government Canteens. 

Role of Canadian students 

The project supported 26 students from five participating Canadian Universities (CMU: 4, Manitoba: 4, 

Winnipeg: 3, and Guelph: 15). These students were enrolled in range of natural, physical and social 

science disciplines such as; plant agriculture (3), integrative biology (5), food science (5), natural 

resource management (1), population medicine and epidemiology (2), international development (4), 

anthropology (3), indigenous studies (2), and resource economics (1). In terms of their levels of study, 

13 students were enrolled in masters level programs, 7 in doctoral programs and 3 each in 

undergraduate honours program and post doctoral program. Though some of the project students 

were registered in pure disciplinary programs, most of the students’ pursued interdisciplinary research 

based on understanding of the problems, and socioeconomic and ecological contexts faced by small 

and marginal farmers in the project sites. South Asian partners made significant contributions in 

identifying research problems and in supporting field research, especially for the social science 

students. 

Three students from plant agriculture worked mainly in the Raizada Lab and focused their study on 

the microenvironment and architecture of small millet root systems, DNA sequencing of new 

bacterium found in the roots of finger millets, and microbial pesticide and fertilizer management for 

small millets. Some of these students also participated in extensive field surveys across project sites 

to determine the agronomic constraints faced by small millet farmers and find low cost technologies 

from existing literature to address those constraints. Dr. Raizada’s students have co-authored several 

manuscripts, based on the discovery of new fungi and pioneering research on root architecture. 

These papers were submitted to scientific journals such as PLOS One and PLOS Pathogens. 

Students working with Dr. Steven Newmaster, using state of art techniques for genetic barcoding 

contributed to pioneering research on the molecular characterization of small millet varieties and 

confirmed these findings with farmers’ taxonomical knowledge. These students had the opportunity to 

work on plant samples from South Asia (India, Nepal and Sri Lanka), and became coauthors in 

several scientific papers published in peer reviewed journals such as Genome and BMC Journal of 

Ethnobiology and Ethnomedicine. Five students in the food science department at Guelph contributed 

to nutritional analysis of small millets varieties grown in project sites. They participated in pioneering 

http://www.dhan.org/smallmillets/policy_papers.php
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research led by late Dr. Seetharaman on glycemic index and molecular analysis of various millet 

starches and their interactions with lipids and proteins present in small millet grains. These students 

became lead authors in several peer reviewed scientific publications and manuscripts. A student from 

the population medicine program (Guelph) conducted extensive field research on dietary diversity and 

prevalence of Type 2 diabetes in rural Tamil Nadu (Anchetty site). While pursuing his field research, 

this project student developed an excellent network of experts from medical and social sciences, 

beyond project partners in Canada and India, to support his interdisciplinary empirical research 

involving 700 subjects. His research plan supported by the project helped him to win the prestigious 

Vanier Canada Graduate Scholarship (2014).  

Students from social sciences pursued their field research in project sites in India and Nepal. They 

focused on features of food and nutrition insecurity, agrarian change due to rural outmigration, the 

role and transmission of indigenous knowledge, the role of local markets and social networks, social 

aspects of technological intervention, consumer preferences for public distribution schemes, 

understanding of gender and participation among project partners, availability of small millet products 

through street food channels, and policy analysis. While working on their theses, most of these 

students presented their research at international conferences in Canada and South Asia. A research 

paper (15,000 words length) on the role of street food in promoting nutrition security, coauthored with 

undergraduate students, is accepted in one of the best international journals, Food Security 

(December 2014 issue). Several other students have prepared manuscripts that are under process for 

submission in the peer reviewed interdisciplinary journals during 2014-15.  

In summary, the project provided an excellent opportunity for 26 Canadian students (against allocated 

budget of $ 523,000 for 12 students) to pursue their research with interdisciplinary understanding, 

empirical fieldwork, and insights from community level development professionals. The quality of 

these students and their research is evident from students’ success in seeking additional funds from 

other competitive sources (scholarships, research and travel awards, and conference bursaries). They 

collectively won scholarships (including most competitive awards such as Vanier and Social Sciences 

and Humanities Research Council of Canada (SSHRC) post doctoral fellowship) worth more than 

$900,000 to support their academic programs. Thus, every dollar budgeted for training in RESMISA 

project raised additional $1.75 from other competitive sources. 

5. Synthesis of results towards AFS Outcomes 

5.1 New technologies and/or farming systems and practices  

The various research activities taken up under Objective 1 and 2 to address production constraints 

contributed to this AFS outcome. Three cycles of PVS trials across the sites resulted in identification 

of farmers’ preferred varieties for each site. The active participation of 2,235 men and 1,724 women 

farmers in on-farm experiments has increased their research skills and confidence for systematic 

testing of new ideas and technologies.  Community based seed production and supply was initiated in 

five sites and 11555 kg of seeds were produced. Fourteen identified promising varieties were 

disseminated to 3390 farmers in the project sites in the fourth year. Several of the preferred varieties 

of small millet (including research station and local varieties), offer between 15 and 20 % increased 

yields, compared to prevailing varieties, and were well adapted to local environments. So adoption of 

these varieties is expected to increase productivity in the coming years. The inclusion of two identified 

varieties in formal varietal evaluation systems facilitated by the project will aid the distribution of 

quality seeds of those varieties to farmers in other areas with similar agro-ecology in future.  

Similarly with the involvement of 852 men and 599 women farmers, 3 to 6 suitable agronomic 

practices and implements were identified for addressing production problems and opportunities in the 

site. These were disseminated to 3,848 men and 2,450 women farmers through trainings, cultural 

programs and large plot demonstrations. In the last year of the project cycle, 11 identified practices 
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Figure 7: Introduction of millet recipes in ICDS, Andhra 

Pradesh, India 

viz. seed grading with sieve, using spike toothed harrow, transplantation of finger millet, furrow 

transplantation of finger millet, application of Jeevamrutham, Ganajeevamrutham, grain-pro bag, 

improved composting methods and iron plough, were widely adopted by the farmers. Further, 

research in Dr Raizada’s lab on root architecture, and beneficial bacterium and fungus species 

associated with finger millet has potential to benefit small millet farmers in managing soil fertility and 

to control Fusarium and other plant disease. 

5.2 Dietary diversity & nutrition 

Multiple activities pursued under various project objectives contributed to this AFS outcome. The 

project has undertaken scientific research on validating various nutritional qualities and health 

benefits, especially on the causal mechanisms of low glycemic activity of small millets. Late Dr 

Seetharaman’s research on starch-protein-lipid interactions in small millet based food products has 

excellent potential for application in developing low cost household and market products for 

addressing malnutrition and managing type-2 diabetes. The TNAU and AF team has developed 

several novel examples of ready-to-eat and ready-to-cook food, which were shared with site 

community and local entrepreneurs. A comprehensive promotion campaign targeted at women and 

children was taken up in the sites and 14103 persons were reached. Dehuller installed in four sites 

was used by 871 families for processing grains for consumption. DHAN’s attempt to reintroduce small 

millet crops/varieties which were declining or had disappeared in four sites with the involvement of 

1510 men and 949 women farmers is expected to increase dietary diversity. Further, awareness rising 

on uncultivated greens from the small millet farms, which are nutritious by themselves and enhance 

the nutrient availability of small millets if consumed together, was taken up in three sites. Home 

gardens were promoted with 1483 families to improve their access to nutritious vegetables. 

Intercropping of legumes with small millets has been promoted in the project sites.  

Outside the project sites 133852 people 

were reached with the message on the 

benefits of small millets through large 

scale promotional events and about 127 

tonnes of small millet dehulled grains was 

sold to 61190 consumers at a lower price. 

These consumers included women SHG 

members, farmers and others. Twenty 

one project-supported entrepreneurs have 

been promoting small millet products in 

three countries. Introduction of small 

millets menu in ICDS and mid-day meals 

of schools enhanced dietary diversity and 

nutrition of participants in two project 

sites. Ninety six street vendors were 

supported to strengthen their business of selling ready-to-eat millet based products to the urban poor.  

5.3 Engagement of Canadian researchers with Southern researcher organizations  

Canadian academics, along with their students, worked closely with South Asian team on various 

research activities across all six major objectives. They made significant contributions towards 

brainstorming research questions, prioritizing major project interventions, designing baseline and SAK 

surveys, and developing framework for participatory research and gender analysis in the project. 

They pursued collaborative research with several colleagues from South Asian partner organizations 

on genetic characterization of landraces, nutritional and value addition research for food product 

development, street food vendors, dietary shift and its relation with type 2 diabetes, local market 

chains, impacts of rural outmigration, role and transmission of indigenous knowledge, and policy 
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analysis. Canadian colleagues employed 26 students from their respective universities to pursue their 

theses research within project. Out of these, 14 students conducted their field research in various 

project sites in India and Nepal. The Canadian colleagues also helped a student from TNAU to work 

in their laboratory. During last six months period of the project, the Canadian colleagues organized 

two days workshop, prior to International Food Security Dialogue, in Edmonton and invited project 

colleagues from South Asian partner institutions. The workshop provided an opportunity to Canadian 

students for sharing their research and reflections with South Asian partners. The lead Canadian PI, 

along with other project colleagues from Canada, participated in all six-monthly project monitoring 

and review meetings, and worked with South Asian partners to develop common understanding and 

action plan across disciplines, institutions and project sites. 

5.4 Research groups 

AF signed a MoU with the Department of Agriculture and the University of Ruhuna for research 

collaboration. AF was also collaborating with Industrial Technology Institute (ITI), Sri Lanka for 

nutrient analysis of small millets. LI-BIRD worked with Hill Crop Research Programme and Nepal 

Agriculture Research Council as part of the project. Similarly DHAN developed working relationship 

with another CIFSRF project, private fabricators, Central Food Technology Research Institute and 

Central Institute of Agricultural Engineering for developing and field testing post-harvest machineries. 

Having AICSMIP as a partner helped in networking with academic institutions involved in small millet 

research in various parts of India and with University of Agriculture Sciences, Bangalore.                   

Dr Newmaster collaborated with Bharathiyar University, Coimbatore for genomic research.  

5.5 Food processing and storage  

The results of research activities coming under objective 3 contributed to this AFS outcome. Poor 

grain quality of small millets in terms of presence of extraneous matter like mud particles, and infected 

and unfilled grains is a major issue for processors and food industry as it drastically reduces the 

quality of ready-to-eat and ready-to-cook food products. The project identified two models of 

harvesters. Use of these harvesters expected to reduce drudgery and reduction in grain shattering 

and deterioration of grain quality like blackening of finger millet grains. Introduction of threshers in 

India and Sri Lanka also not only helped in timely threshing operations, but also in reduction of mixing 

of extraneous matter with the grains. The support provided for creating common threshing yard facility 

in Jawadhu Hills is also expected to result in reduction of extraneous matter. Further the project 

identified the factors primarily responsible for finger millet blackening and kodo millet poisoning, major 

issues which resulted in decline in market value and consumption. 

To reduce the drudgery of women, the research team has developed three prototypes of dehuller and 

a gravity separator that can be attached to any existing model of dehuller for enhancing the quality of 

output. These technologies are expected to improve the quality of dehulled grains of small millets. 

Further, studies were done on the popping ability of finger millet varieties, which may help the food 

industries dealing with that product to link with the producers. Grain-pro bag was promoted at six sites 

for reducing the damage to food grains during storage. 

5.6 Risk-mitigation  

Some of the research activities of objectives 1, 2 & 3 contribute to this AFS outcome. The project 

activities focused on conservation and participatory varietal research have improved farmers’ access 

to varietal diversity and strengthened their capacity to manage them on their farm. The increased 

varietal diversity at crop, farm and agro-ecosystem levels is expected to lower environmental risk, 

particularly the rising climate change related issues affecting the rainfed agriculture in the project 

countries. Solar fencing identified in the project has been very effective in reducing the loss due to 

wild animals. The modification of harvesters and threshers attempted in the project are expected to 

reduce the risk of reduction in yield due to coincidence of rainy season with harvesting period. 
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DHAN’s work with street food vendors to improve their food handling practices and hygiene has 

potential to reduce risk of any food related diseases.  

5.7 Policy options 

The comprehensive review of public policies in the three countries has the potential to start a policy 

debate on redirecting research and development investment for promoting small millets and for the 

sustainability of small scale agriculture in these countries. Further the project directly worked with the 

policy makers on certain pilots. The ICDS pilot project in India and introduction of small millets in 

school food program in India and Nepal provides excellent empirical cases for promoting ready-to-eat 

small millet products for improving children’s health through public food schemes in other regions. 

Further policy implications were identified for all other important project activities. Two consultation 

workshops in Tamil Nadu with the State Planning Commission and one each in Odisha, Delhi and 

Nepal were organised to share with the policy makers the lessons from the project and the 

possibilities of similar initiatives in other places. Policy lessons from the project were also shared at 

Neglected and Underutilized Species conference, 2013 at Ghana and Food Security Dialogue, 2014 

at Canada. 

5.8 Gender 

All project activities internalized gender analysis in their implementation and outcome analysis. The 

project adopted the following strategies for gender sensitive research: (a) Effective participation of 

women in the research activities on priority (For example in PVS 45.3 % and in SAK trials 49.2 %) (b) 

Identification of the problems faced by women through in-depth baseline survey and other studies and 

addressing some of these issues through research on dehuller, harvester, thresher and small scale 

farm implements. (c) Reinforcing the pride and confidence of women by bringing out and building 

upon their knowledge and skills on 

uncultivated greens and small millet 

recipes. The project provided a unique 

opportunity to women for enhancing their 

research skills and empowered them to 

work with scientists and development 

institutions in technology evaluation and 

development. In India, where over 80 % of 

women had reported having difficulties in 

dehulling small millets, use of mechanized 

dehuller has reduced the time spent on this 

activity by 50 to 70 %, freeing up the 

women’s time for other agricultural and 

social activities. In Sri Lanka, use of 

mechanised thresher has reduced threshing 

time of women by 35 %, while the time 

spent on milling of finger millet was reduced 

by 40 %. Women in the sites have played 

key roles in learning and adopting 

diversified diets based on small millets at 

homes and in the schools. The project 

engagement with 116 street food venders is 

expected to improve the livelihood of 

marginalised urban women while making 

contribution to urban food security, as these 

enterprises are mainly run by them.  

Box 3: Impact of iron plough in Jawadhu Hills 

In Jawadhu Hills, India, women are often responsible for 

ploughing land, particularly in the case of women headed 

households and households where men have migrated 

for off-farm work. Typically, the wooden plough used by 

them break two or three times a year due to the stony 

nature of the soil, and normally women farmers rely on 

men to repair them. In this tribal pocket, introduction of 

Tirupathur iron plough model has reduced the women’s 

dependency on men. Further the field capacity and weed 

removal efficiency of iron plough was better than the 

wooden plough. 
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5.9 Environment  

Small millets being less water consuming climate smart crops, sustaining and enhancing their area 

attempted by the project has the potential to contribute to environmental sustainability. Further several 

specific interventions made under objectives 1, 2 and 5 contributed to this AFS outcome. In objective 

1, PVS, reintroduction of small millet crops/ varieties, and initiation of CSB and biodiversity fund 

contributed to inter and intra species biodiversity at farm and community levels. The findings of 

molecular analysis of small millets taken up under the project could help in developing a DNA based 

model that has excellent potential to reduce cost of ex-situ conservation. Introduction of improved 

methods of compost preparation, application of silt and other location specific NRM contribute to 

reduction in chemical use, raising soil fertility and microorganisms, and thus enhancing the farmers’ 

capacity to mitigate environmental risks. Further, the project took up several promotional activities in 

the project areas that created awareness, especially among the younger generation, about linkages 

between production and consumption of small millets and uncultivated greens, human health and 

ecosystem health. A seminar on agricultural biodiversity was conducted to showcase custodian 

farmers and to discuss the possible interventions at individual farmer and group level. 

6. Problems and Challenges  

The project experienced the following problems and challenges:  

a) The TNAU did not have in-house facilities for taking up in-vitro studies to examine the 

digestibility of starch and fibre, and the bioavailability of nutrients in the value-added products. 

The IDRC has approved their request for sending a graduate student to the University of 

Guelph to conduct this research in Dr Seetharaman’s laboratory.  

b) The Canadian students did not get research visa to conduct their field research in Sri Lanka. 

This resulted in most of the students either going to India or Nepal for their field research. 

c) The Indian team’s efforts to influence the policy makers for including small millets in PDS at 

provincial level as recommended by Food Security Act did not give expected results. Though 

there was a positive policy environment in support of small millets, the policy makers were 

afraid of the negative feedback and supply constraints.  

d) Delay in developing dehuller prototype and in delivery of dehullers and other machineries by the 

fabricators caused delay in field testing.  

e) The transfer of plant samples from India to Canada for molecular analysis and to Sri Lanka for 

varietal testing was found very difficult under the National Biodiversity Act. As an alternative, Dr 

Newmaster collaborated with the Plant Genetic Engineering Laboratory, Bharathiyar University 

in Coimbatore and completed necessary work for DNA analysis. 

f) The untimely death of Dr Koushik Seetharaman created a challenge for drawing lessons from 

his work. Some of his doctoral students took his role and helped in concluding work in his lab 

and are making plan to continue scientific legacy of Dr Koushik’s work. 

The project faced the following risks:  
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a) Droughts and extreme weather: Crop trials in some of the Indian sites were hit by delayed 

monsoon and intermittent drought in all four crop years. Nepal site faced dryspell and hail storm 

issues in two years and Sri Lankan site faced floods and delayed monsoon in two years. These 

issues led to poor germination, crop stand and loss of trials. Re-sowing was attempted in Nepal 

and Peraiyur, but due to further delay in the sowing, germination was poor. The strategy of 

additional 25 % trials helped to achieve the minimum number of valid trials at some sites.  

b) Damage by wild animals: Crop damage by wild animals was a major problem in Anchetty 

(TN), Sri Lanka and Nepal. This important issue was taken as a subject of research and efforts 

were taken to support solar fencing in some of the villages to address this issue.  

c) Migration by farmers: Temporary migration of farming communities for their occupation in Sri 

Lanka, Jawadhu Hills and Anchetty was hindering their effective participation in the project. This 

issue was dealt by selecting experimenting farmers from women and men SHGs/groups, which 

gave space for motivating and sorting out these issues and by offering necessary 

support/incentives to the forthcoming farmers. Formation of RESMISA Research Coordination 

Committee, community seed bank and biodiversity fund has further helped in structured 

involvement of experimenting farmers in designing, implementing and drawing inferences from 

research activities, thereby bringing a sense of belonging.  

7. Recommendations  

The project proposes the following recommendations to CIFSRF and IDRC pertaining to similar future 

projects:  

a) Creating opportunities for collaboration and exchange of ideas among different CIFSRF 

projects in South Asia and among other relevant projects and platforms on the theme of food 

security and underutilised species on a regular basis.  

b) IDRC may consider bringing institutional norms like MoU between the leading organisations 

and the other principal applicants for more effective binding and co-ordination. 

c) The interim questionnaire has provision for a limited number of outputs. It will be easier to 

maintain information if there is space for all the outputs produced in the reporting period.  

d) The CIFSRF project events organised by IDRC on gender in South Asia and on communication 

in India were very helpful. In future IDRC can proactively plan organising such capacity building 

events and give necessary follow up support.  

e) RESMISA project being an agricultural project faced issues like limited number of crop cycles 

available for doing crop research under rainfed conditions and ending of the project in the midst 

of a crop cycle. In future, IDRC can fix the project periods for rainfed agriculture production 

oriented projects in such a way that the cropping seasons are covered well within the project 

year and adequate number of crop cycles are available for on-farm experimentation.   

 

 
  



 

 

33 

References 

Gillespie S. Haddad L: Attacking the double burden of malnutrition in Asia and the Pacific. 

Washington DC: Asian Development Bank, Philippines and International Food Policy 

Research Institute: 2001. 

Government of India, Directorate of Millets Development, Status Paper on Millets, 2010. 

Mohan, V, G Radhika, RM Sathya, SR Tamil, A Ganesan, and V Sudha. 2009. “Dietary 

Carbohydrates, Glycemic Load, Food Groups and Newly Detected Type 2 Diabetes among 

Urban Asian Indian Population in Chennai, India (Chennai Urban Rural Epidemiology Study 

59).” British Journal of Nutrition 103 (12): 1498–1506. 

Popkin, B. M., S. Horton, S. Kim, A. Mahal, and J. Shuigao. 2001. “Trends in Diet, Nutritional Status, 

and Diet-Related Non-communicable Diseases in China and India: The Economic Costs of 

the Nutrition Transition.” Nutrition Reviews 59 (12): 379–90. 

Ramachandran, Prema. 2007. Nutrition Transition in India 1947-2007. New Delhi: Nutrition 

Foundation of India. http://nutritionfoundationofindia.res.in/NutritionTransition.asp. 

Rao, B Raghavendra, Manojkumar H Nagasampige, and M Ravikiran. 2011. “Evaluation of 

Nutraceutical Properties of Selected Small Millets.” Journal of Pharmacy and Bioallied 

Sciences 3 (2): 277. doi:10.4103/0975-7406.80775. 

 
 

  

http://nutritionfoundationofindia.res.in/NutritionTransition.asp


 

 

34 

Annex 1.1 
 

*Title: Farmers’ Seed Networks for Agro-biodiversity Conservation and Food Security: 
A Case from the Mid-hills of Nepal 

Subtitle: NA 
 

*By: Rachana Devkota, Kamal Khadka, Hom Gartaula, Asis Shrestha, Deepak Upadhya, Ram B 
Rana, Pashupati Chaudhary, and Kirit Patel 

Report Type: A research study 
*Date: August, 2014 

Published by: Unpublished 
Location: Nepal 

Series Name: NA  
Number of Series part: NA 

 
*IDRC Project Number and component number (if applicable): 106506 
*IDRC Project Title: RESMISA Project- Work plan Objective 01 
*Country/Region: Nepal  
*Full Name of Research Organizations: Local Initiatives for Biodiversity, Research and 
Development (LI-BIRD) 
*Address of Research Organizations: Local Initiatives for Biodiversity, Research and Development 
(LI-BIRD), P.O.Box 324, Gairapatan-4, Kaski, Nepal; Phone: +977-613535357 
*Name(s) of Researcher/Members of Research Team: Rachana Devkota, Kamal Khadka, Asis 
Shrestha, Deepak Upadhya, Ram B Rana, Pashupati Chaudhary, Khem Raj Subedi, Laxmi Rai, Sri 
Ram Subedi 
*Contact Information of Researcher/Research Team members: Local Initiatives for Biodiversity, 
Research and Development (LI-BIRD), P.O.Box 324, Gairapatan-4, Kaski, Nepal; Phone: +977-
613535357 
*This report is presented as received from project recipient(s). It has not been subjected to 
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*Abstract: This paper evaluates the nature and functioning of seed networks for rice, maize and 
finger millet and explores the networks’ contribution to agro-biodiversity conservation and food 
security at community level. Ninety-five farmers selected from Dhikurpokhari of Kaski, Nepal using 
snowballing sampling techniques were interviewed. Data were collected using semi-structured 
interview schedules, focus group discussions (FGDs) and field observations. Social Network Analysis 
Tools and Mappings were used to examine the status of the network and identify the key nodal and 
connector farmers with the help of Net Draw software. It was revealed that there is a loose network of 
seed exchange in community, although it varies with crops. Even though nodal farmers play more 
pivotal roles in seed exchange, very little difference was found in characteristics of nodal and non-
nodal farmers except for their age and education. More than 90 percent farmers had saved seeds of 
maize and finger millet on their own, with the majority being local varieties, while only 70 percent of 
the farmers had saved rice seed. Farmers’ practices of saving seed at home, limited varietal options 
in locality, less interest towards agriculture, out migration and labour scarcity largely contributed to 
less exchange of seed which ultimately affecting the on-farm conservation of agro-biodiversity and 
food security at local level. 
 
Keywords: Seed Network, Connectors, Nodal Farmers, Agro-Biodiversity, Conservation and Food 
Security 
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Abstract: Most rural farmers in Sri Lanka used to have traditional or informal sources of planting 
materials and seed to meet their seed needs. Either they save their own seed or they obtain seeds 
from sources such as relatives, neighbours, and local markets independently of the formal certified 
seed sector. The social seed networks study are a practical option for managing vulnerability and 
uncertainty of rural seed system. Farming communities maintain relatively larger number of traditional 
varieties that contributes the livelihood security of rural poor farmers. This social seed system is 
recognised as a vital process for the maintenance of local crop diversity. This study was carried out 
find social seed flow net work at the three village of project site for finger millets and cowpea in 2014 
Yala season. Sociometric survey is the most common method used to obtain relational data among 
individual in a social network system and more than thirty farmers in each village were evaluated by 
snow ball sampling methods. At first, in this method, information was gathered from focus group 
discussion (FGD) with male and female farmer’s then individual farmer interviewed. In project area 
with cowpea varieties, it was found that 30% of Sooriya ara and 37% of Mahawawa seeds were 
exchanged between farmers where as 40% in Kahakurullan pelessa the place where located in 
faraway from urbanized area. With cowpea varieties, it was found that 50% of Sooriya ara and 55% of 
Mahawawa seeds were exchanged between farmers where as 60% in Kahakurullan pelessa in 
2013/14 maha season due to severe drought at 2013 Yala season. It was 20% of Sooriya ara ,15% of 
Mahawawa and 35% in Kahakurullan pelessa seeds were exchanged between farmers for finger 
millets in a 2013 yala while 30% of Sooriya ara, 25% of Mahawawa and 40% in Kahakurullan pelessa 
in 2013/14 Maha. Rest part of both crops was obtained through seed sellers and their own. Among 
the farmers Nodal farmers tend to be diversity minded, maintain rich biodiversity and are willing to 
share knowledge and genetic materials within or outside their community. In these villages informal 
seed systems play a vital role in the provision of planting materials.  
 
 Keywords: Finger Millet, Cowpea, Seed Flow 
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 Abstract: Breeding varieties suitable for the existing farming conditions is the one of the main 
objective of plant breeding. Field evaluation are much more important, so as to select varieties with 
more adaptable characteristics for a given environment. In 2013/14 Maha season all twelve lines were 
established with farmer accession Kirikurakkan and two DOA released varieties namely Oshada and 
Rawana using plant to row method in RCBD with 3 replicates in the GLORDC research field at 
Angunakolapelessa Acc2, Acc6 and Rawana were early flowering and Acc3 was early maturing line. 
This line is the better line due to short duration and drought escaping ability under water scares 
cultivation condition and it shows higher yield also when compared with other varieties/lines. Duration 
of maturity of tested varieties ranged from 28 days to 42 days and Acc6 was the latest line Acc2 
plants were the tallest plant while Rawana was the shortest. The best yielder was Acc5 followed by 
Oshada. Acc8,Acc9 also were produced considerable yields No of productive tillers per plant, No of 
fingers per year, Finger length were not significantly different among the tested varieties. 
 
Key words: Evaluation, Better Line, Finger Millet.  
 
 
 
 
  



 

 

37 

Annex 1.4 
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*By: Subramanyam Ragupathy*, Steven G Newmaster*, Kathirvelu Sambandan** and Kirit Kumar 

Patel*** 
Report Type: Research Article 

*Date: Summer 2014 
Published by: International Journal of Biodiversity Watch 

Location: Guelph, ON, Canada 
Series Name: NA 

Number of Series part: NA 
 
*IDRC Project Number and component number (if applicable): 1065061 
*IDRC Project Title: Revalorizing Small Millets in Rainfed Regions of South Asia 
*Country/Region: South Asia 
*Full Name of Research Organizations: *University of Guelph;**Avyaiyar Government College for 
Women; ***Canadian Mennonite University 
*Address of Research Organizations: 50 Stone Road East, Guelph, ON, Canada, N1G 2W1 
*Name(s) of Researcher/Members of Research Team: Subramanyam Ragupathy, Steven G 
Newmaster, Kathirvelu Sambandan, and Kirit Kumar Patel 
*Contact Information of Researcher/Research Team members: Subramanyam Ragupathy 
(ragu@uoguelph.ca)  
*This report is research article. It went to peer review or other review processes. In press. 
 
*Abstract: Traditional landraces of small millets were once an important part of ancient commerce in 
SE Asia; they were served to royalty and provided sustenance to locals living in harsh, impoverished 
environments. Historical records (e.g., ICRISAT) list over 4000 landraces, which were selected and 
developed by indigenous peoples for specific uses in their day to-day lives; today only seven species 
are used in commercial agriculture. Our research seeks to explore the diversity and associated local 
traditional knowledge (TK) of minor millets in order to assist in conservation and food security of 
indigenous landraces. Our case study focuses on 18 landraces of small millets still used by 
indigenous farmers in rural India. Our results indicate that local knowledge systems consist of a 
complex classification of small millets diversity that considers the role of small millets in the farming 
system. This fine-scaled indigenous-classification TK gives rise to five times the number scientific taxa 
based on scientific knowledge (SK). There is a unique bio cultural and economic role for each millet 
landrace including its place in the ecosystem and utility within these communities; including medicine 
(e.g., treating stomach bloating, diabetes, heart conditions, morning sickness, veterinary use and 
more), food (nutritious grains), fertilizer, pathogenic resistance and feed for livestock. The primary 
characteristics used by the indigenous farmers to identify small millets include three general 
categories; morphology, experience and ecology. Morphological characters are used most often to 
recognize specific landraces of which vegetative features are more commonly used than floral 
features. These vegetative and floral characteristics are recognized at the macro-scale and include 
several salient features such as shape, color and size of grains. Personal experience with small 
millets accounts for a significant portion of the skills used by the farmers to identify small millets 
landraces. These sensory experiences are hierarchical in usage and respectively comprised of 
olfaction (smell), palpation (touch) and gustation (taste). Our most novel discovery is the extensive 
use of traditional ecological knowledge to classify landraces; this includes drought tolerance, and the 
habitats and range where specific landraces will thrive. Many landraces are grown in special TK 
places on the landscapes, which are ecologically and spatially defined and may serve as a framework 
for conservation initiatives. We used ethnobotany genomic tool, DNA barcoding to discriminate the 
small millets. We propose that DNA barcoding may be a quick and reliable tool to identify any 
landrace of millet, which will further legitimize the validity of TK, rendering it testable and ultimately 
generalizable, mobile and globally meaningful. Local communities are concerned about the loss of 
small millets diversity, authenticity of their knowledge and have considerable local knowledge that is 
valuable for conservation and revitalization of traditional small millet farming systems in SE Asia. This 
could provide a critical source of nutrition in environments that currently do not have the capacity for 
sustainable agricultural systems. This interdisciplinary approach responds to the increasing urgent 
global imperatives to conserve both cultural and biological diversity as urged by the Convention of 
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Biological Diversity (CBD 1992), UNESCO’s ‘Man and Biosphere Programme’ and the Declaration on 
the Rights of Indigenous People (2007). 
 
*Keywords: Millets, Bio Cultural Diversity, Landraces, DNA Barcoding, Food Security 
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*By: Subramanyam Ragupathy, Shanmughanadhan Dhivya and Steven G Newmaster 

Report Type: Internal Report 
*Date: Summer 2014 

Published by: NA 
Location: Guelph, ON, Canada 

Series Name: NA 
Number of Series part: NA 

 
*IDRC Project Number and component number (if applicable): 1065061 
*IDRC Project Title: Revalorizing Small Millets in Rainfed Regions of South Asia 
*Country/Region: South Asia 
*Full Name of Research Organizations: *Center for Biodiversity Genomics, University of Guelph 
*Address of Research Organizations: *50 Stone Road East, Guelph, ON, Canada, N1G 2W1 
*Name(s) of Researcher/Members of Research Team: Subramanyam Ragupathy, 
Shanmughanadhan Dhivya and Steven G Newmaster 
*Contact Information of Researcher/Research Team members: Subramanyam Ragupathy 
(ragu@uoguelph.ca) 
*This report is presented as received from project recipient(s). It has not been subjected to 
peer review or other review processes.  
 
*Abstract: We prepared a report entitled the “Standard Operating Procedure (SOP) for Molecular 
Characterization Protocol for small millets”. The goal of this research was to standardize the 
molecular characterization and develop a standard operating procedure (SOP for molecular 
characterization) of minor millets. More specifically we determined genetic variation among landraces 
of minor millets using flow cytometry (genome size & ploidy level), DNA barcoding and microsatellites 
(simple sequence repeats - SSRs).  
 
*Keywords: Small Millets, DNA Barcoding, Genome Size 
 
 

 
 
 
 
 
 
 
 
 

  

mailto:ragu@uoguelph.ca


 

 

40 

Annex 1.6 
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(PMVFR) in India & Nepal, Southeast Asia 

Subtitle: NA 
 

*By: *Subramanyam Ragupathy, *Shanmughandhan Dhivya, *Abiran Sritharan, ***Kathirvel 
Sambandhan, **Ramalingam Sathishkumar, ****A. Nirmalakumari, *****Kamal Khadka, ******Hom 

Gartaula, *******Kirit Kumar Patel and *Steven G Newmaster, 
Report Type: Research Article  

*Date: 2014 
Published by: BMC Journal of Ethnobiology and Ethnomedicine 

Location: Guelph, ON, Canada 
Series Name: NA 

Number of Series part: NA 
 
*IDRC Project Number and component number (if applicable): 1065061 
*IDRC Project Title: Revalorizing Small Millets in Rainfed Regions of South Asia 
*Country/Region: South Asia 
Full Name of Research Organizations: *University of Guelph, **Bharathiar University, ***Avyaiyar 
Government College for Women, ****Tamil Nadu Agricultural University, *****LIBIRD, ******University 
of Manitoba, *******Canadian Mennonite University, ********Center for Biocultural Diversity, India 
*Address of Research Organizations: *50 Stone Road East, Guelph, ON, Canada, N1G 2W1; 
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Coimbatore, Tamil Nadu, INDIA; *** Post Graduate Department of Plant Science, Avyaiyar 
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Winnipeg, Canada; *******Department of International Development Studies, Menno Simons College, 
Canadian Mennonite University, 520 Portage Ave, Winnipeg, Manitoba, Canada R3C 0G2 
*Name(s) of Researcher/Members of Research Team: Subramanyam Ragupathy, Steven G 
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*Contact Information of Researcher/Research Team members: Subramanyam Ragupathy 
(ragu@uoguelph.ca) 
*This report is research article. It is subjected to peer review or other review processes.  
 
*Abstract: Although 1000s minor millet landraces have been cultivated for centuries as an important 
source of nutrition for people living in semi-arid regions of Asia and Africa, they are presently 
marginalized and their distribution is threatened at a global scale. Local farmers have developed 
ancient breeding programs entrenched in traditional knowledge (TK) that has sustained rural cultures 
for thousands of years. The Convention on Biological Diversity (CBD) seeks fair and equitable sharing 
of genetic resources arising from local knowledge of which the Protection of Plant Varieties and 
Farmer’s Rights Act (PPVFR) has set the tone for farmer’s ownership over plant genetic resources 
and associated TK. DNA barcoding has been proposed as a model for conservation of genetic 
diversity and the associated biocultural diversity. However, we have a limited understanding of 
Traditional Knowledge (TK) of minor millet landraces and a very poor understanding of how much 
variation there is in genetic, trait and the associated TK among the many landraces still used today. 
Our research revealed considerable variation in traits and several DNA barcodes (rbcL, trnh-psbA and 
ITS2) among 32 minor millet land-races. We also recorded precious TK of nutritional value, ecological 
and agricultural traits used by local farmers for each of these traditional landraces. This research 
demonstrates the potential of DNA barcoding as a reliable identification tool and for use in evaluating 
and conserving genetic diversity of minor millets. We suggest how DNA barcodes could be used in 
the Protection of Plant Varieties and Farmer’s Rights (PPVFR) in India & Nepal, Southeast Asia. 
 
*Keywords: Millets, Biocultural Diversity, Landraces, DNA Barcoding, Conservation, IPR, Farmer’s 
Rights 
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*IDRC Project Title: RESMISA Project - Work plan Objective 01  
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*Abstract: Community Seed Bank (CSB) is reliable option of on farm conservation of traditional crop 
in substantial marginal environment. Farmers are vulnerable to natural disasters such as drought and 
diseases where speedy erosion of plant genetic resources occurred. In a community seed bank local 
crop germplasms or traditional crop and developed varieties are collected with important information 
and stored, regenerated or multiplied as requirement and distributed to fulfill seed demands of the 
farmers. Farmers are reluctant to purchase and they did not have ability to purchase not only the high 
yielding modern varieties but also seeds of traditional varieties. Due to that losses of traditional local 
landraces the farming community more dependent on outside sources which reducing their seed 
security and has put the local seed system in trouble committee was formed for coordinating the 
farmers who are motivated for the cause of biodiversity conservation and can invest time in CSB 
management. In a Community seed bank established with traditional varieties and developed crop 
varieties are collected with important information in 2014 Yala season. Seeds of fifteen traditional rice 
varieties, twelve grain legumes, three maize varieties, ten millets varieties, twenty vegetable varieties 
and eight oil seed varieties were collected and stored under suitable storage condition with in various 
container at newly established community seed bank. It helps local seed security, supporting 
community seed demands, and enhancing farmers’ access to quality seeds, thereby promoting 
conservation of local crop diversity on farm. After implementation of CSB the number of landraces and 
overall diversity has been increased and seed has become abundant and accessible in the project 
site.  
 
 Keywords: Seed Bank, Management, Varieties 
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Published by: Unpublished  
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*IDRC Project Number and component number (if applicable): 106506 
*IDRC Project Title: RESMISA Project - Work plan Objective01  
*Country/Region: Thanamalwila, Sri Lanka 
*Full Name of Research Organizations: Department of Agriculture 
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*Name(s) of Researcher/Members of Research Team: B.N. Samaranayake, D.P.P. Liyanage and 
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 *Abstract: Farmer participatory varietal evaluations are important to select varieties with more 
adaptable characteristics for a given environment. Six varieties including two DOA recommended 
varieties namely Rawana and Oshada, two pipe line varieties namely, AD 1 and AD 3 two farmer 
grown varieties namely, Galmora, and Kiri Kurakkan were evaluated in five mother trials at villages of 
Kahakurullanpellessa, Mahawewa and Sooriya Ara. Evaluation was done during the cropping period. 
Duration of maturity of tested varieties ranged from 26 days to 35 days. Oshada and Galmora are 
latest maturing variety. The best yielder was AD 1 followed by AD 3. Kiri kurakkan also was produced 
considerable yields. Dry weight of five panicles, seed weight of five panicles and thousand seed 
weight were not significantly deferent among the tested varieties. Thousand seed weight was ranged 
from 2.2 g to 2.7 g. AD3 recorded the highest value for thousand seed weight. Twenty baby trials 
were evaluated to performance of selected lines further. Two DOA recommended varieties namely 
Rawana and Oshada, two DOA pipe line varieties AD1, AD3 along with farmer grown two varieties 
Galmora and Kiri Kurakkan. A highest farmer ranked the combinations according to their perception 
was AD3.  
 
Keywords: Finger Millet, Farmer Participatory Varietal Evaluation, Mother Trials  
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*Abstract: Village transect walk rapid information collection method within shorter time period. Three 
transect walks were conducted with the participation of farmers of three villages (Mahawewa, Sooriya 
ara and Kahakurullan pellessa of Thanamalvila divisional secretariat) and other officials along the 
distinguish areas which represents different kinds of ecosystems within the same territory (which 
walked three years ago) at the end of the 1st phase of project period during end of 2014 Yala season. 
Fundamental information on soil conditions, water availability, present crop diversity, and crop grow 
early, livestock, natural resources, constraints faced by the farmers and their requirements were 
assessed with in short time period based on the constructed transect diagram on information of 
transect walks. Cowpea, chilli, groundnut, sesame, maize and finger millets were identified as 
common group of crops grown in large area by large number of households in upland and rice was in 
low land crop. Snake gourd as vegetable was categorized as rare group with respected to the studied 
area since it was retracted to small areas with many farmers. Pinna mung, Kaha mung, foxtail millet, 
Proso millet were considered as endangered since these were grown in few house hold in small areas 
as three years ago.  
 
Key words: Transect Walk, Crops, Crop Diversity, Resource Availability  
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* Abstract|: Finger millet is mainly cultivated as a rain fed crop in Sri Lanka. The cultivation extent 
has reduced during resent past due to lack of suitable varieties for rain fed cultivation, difficulties in 
post harvest processing, adaptation for other cash crops and increased consumption of rice based 
products. Improvement of varieties suitable for farmer grown conditions with the farmer participatory 
approach will provide more adaptable varieties for the specific niches. Assessment of genetic diversity 
of finger millets available within the farming community of Divisional Secretariat ,Thanamalvila and the 
germplasm collections of Plant Genetic Resource Centre was carried out to find out suitable genetic 
materials for further improvement of crop. Forty nine germplasm accessions were evaluated in 
Randomized Complete Block Design with two replicates at Grain Legumes and Oil Crops Research 
and Development Center, Angunukolapellessa during 2012 Yala, including 16 samples collected from 
farmer fields of Kahakurulanpelassa, Mahawewa and Sooriya ara and 33 accessions from Plant 
Genetic Resource Centre. From the hierarchical cluster analysis using average linkage method based 
on descriptive data, two major clusters were observed joined between 15-20 Euclidian distances. 
Considerable amount of genetic variation was observed within the overall finger millet germplasm 
collection. Finger millet diversity within Mahaweva and Kahakurullanpelleassa were comparatively 
low. Yet germplasm samples collected from Anuradpura district were shown wider genetic diversity. 
For correlation analysis between descriptive characters significant positive correlations (p>0.01) were 
observed for panicle size, number of fingers and finger length with yield at r=0.48, 0.41 and 0.67 
respectively. 
 
Key words: Genetic Diversity, Germplasm, Genetic Variation  
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 *Contact Information of Researcher/Research Team members: 
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*Abstract: Small millets are superior in nutritional qualities when compared to commonly consumed 
crops like rice. They grow under dry conditions, can cope with relatively poor soils and require few 
external inputs. Despite these advantages small millets are in a situation of crisis in South Asia. India 
witnessed a dramatic decrease in cultivated area during the period between 1961 and 2009. One of 
the important reasons for this trend is low productivity realized. The main issues faced by the small 
millet farmers are late onset of rainfall and dryspell within the crop period. Access to varieties suited to 
their agricultural ecosystems and presence of crop varietal diversity in general is expected to aid the 
farmers to cope with the unexpected weather risks, by stabilising the yield and increasing productivity. 
But in the last two decades decline in inter and intra-species diversity among small millets is being 
observed in various degrees in India. So there is need for varietal improvement and enhancing 
varietal diversity of small millets. In this background Revalorising Small Millets in Rainfed Regions of 
South Asia project undertook participatory varietal selection among the small millet farmers in five 
sites of 3 states in India. An approach which integrates on-farm conservation, PVS and community 
seed systems was adopted and 578 men and 333 women were involved in various stages of the 
research process. The study demonstrated that integrated approach can effectively result in varietal 
improvement and increasing varietal diversity of small millets in the sites on a scale. Collaboration of 
multiple stake holders namely farmers’ organisations, development organisations and research 
organisations are prerequisite for implementing the integrated model. This approach is replicable 
across the geographies and across the crops. Recognising the need for integrated approach and 
collaboration across the partners, there is need for institutionalising these in the ongoing efforts for 
enhancing the livelihoods of small farming households. 
  
Key words: Food Security, Small Millets, Local Seed Systems.  
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* Abstract: This report highlights Agronomy Research carried out under RESMISA project to 
introduce suitable technology to develop sustainable Agriculture kit for rain fed farming system in 
Thanamalwila Divisional Secretariat area in Monaragala district, Sri Lanka in 2013. Calcium 
hypochlorite was used to disinfect the surfaces in tissue culture experiments. Commercially available 
bleach solution is a cheap source of Calcium hypochlorite. Possibility of using this available cheap 
disinfectant as seed treatment to prevent fungal diseases in sesame needed to be tested. As a start a 
table top observational experiment was carried out to find out the effect of different concentrations of 
bleach solutions on seed germination of sesame. Sesame seeds were treated with 5%, 10% and 20% 
commercial bleach solutions in the experiment. Seeds were soaked in commercial bleach solutions 
separately for three minutes and five minutes time periods. Then the seeds were rinsed in fresh water 
and kept on water soaked paper serviettes in plastic plates and allowed to germinate. After one week 
counted the number of germinated seeds and calculated the germination %. The experiment was 
repeated three times to confirm the results. According to the results highest germination showed the 
treatments treated with 10% bleach solutions. Field trials should be done to find out the efficacy of 
bleach solutions as seed treatment to prevent fungal diseases in future.  
 
Key words: Seed Treatment, Commercial Bleach, Germination, Prevent, Fungal Disease 
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*Abstract: This report highlights the Agronomy Researches carried out under RESMISA project to 
introduce suitable technology to develop sustainable Agriculture kit for rain fed farming system in 
Thanamalwila Divisional Secretariat area in Monaragala district- Sri Lanka in 2013. Three villages 
named Kahakurullanpellessa, Mahawewa and Sooriya Ara in the area were selected with an 
aspiration of introducing improved technology for SAK development. Eleven locations were 
established with four different treatments as participatory demonstrations in the 2013/2014 Maha 
season. Demonstrations (Research trials) were designed to evaluate the effect of NPK and micro 
nutrients on yield enhancement of finger millet. Demonstrations were established in farmers’ fields 
using Randomized Complete Block Design (RCBD) with one replicate allocated per farmer. 
Application of one dose of micronutrients (T1), Application of recommended inorganic fertilizer mixture 
(T2) and Application of both NPK and micronutrients (T3) were tested as treatments in the 
demonstrations. The yields obtained from plots applied fertilizers were compared with yield of control 
plot (T4) which were under no fertilizer application (farmer practice). Random broadcasting was used 
for crop establishment. Weed control was done by using selective herbicides. Highest yield was 
shown in the T3 treatment applied with both NPK and Micronutrients. T2 with recommended NPK 
dose showed better yield than T1 with only micro nutrients. T4 (the farmer practice) showed the 
lowest yield among treatments.  
 
Key words: Inorganic Fertilizers, Micronutrients, Chemical Weed Control, Row Sowing 
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*Title: Sustainable Low Cost Interventions for Subsistence Farmers 
*Subtitle: The Sustainable Agriculture Kit (SAK) Manual 

 
*By: Manish Raizada (Editor) 

Report Type: Open Access Book 
 *Date: 2014 

*Published by: In negotiations with CABI Publishing 
*Location: Guelph, ON, Canada 

*Series Name: NA 
*Number of Series part: NA 

 
*IDRC Project Number and component number (if applicable): 1065061 
*IDRC Project Title: Revalorizing Small Millets in Rainfed Regions of South Asia 
*Country/Region: South Asia 
*Full Name of Research Organizations: University of Guelph 
*Address of Research Organizations: Department of Plant Agriculture, University of Guelph, 
Guelph, ON, Canada N1G 2W1 
*Name(s) of Researcher/Members of Research Team: Manish N. Raizada 
*Contact Information of Researcher/Research Team members: Department of Plant Agriculture, 
University of Guelph, Guelph, ON, Canada N1G 2W1, 1-518-824-4120 x53396 
(raizada@uoguelph.ca) 
*This report is an edited book. It is in the process of preparation and will subjected to the 
review processes when it is submitted 
 
*Abstract: There are 1.1 billion subsistence farmers in the world who are in need of appropriate and 
environmentally friendly technologies that are also inexpensive and hence can be purchased locally. 
This book is intended to be a practical manual that describes inexpensive, sustainable technologies 
and practices that have the potential to improve farm livelihoods including those of women and 
children. Technologies and practices encompass seed selection, land preparation, soil fertility 
management, water management, weeding, disease and pest management, harvesting, food storage 
and post-harvest food processing including profit generation. The book includes 120 technologies, 
each described in a short chapter, written in plain English to be accessible to a wide audience 
including nongovernmental organizations. These technologies can be mixed and matched to create 
toolkits, sustainable agriculture kits (SAKs), for distribution to farmers. A unique feature of the book is 
that each technology is accompanied by a critical evaluation of the technology based on the published 
scientific literature, along with helpful practical tips to get started. The book is intended to be free, 
open access and available online. 
 
*Keywords: Sustainable Agriculture Kits (SAKs), Agronomy, Low Cost, Appropriate Technology 
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*This report is presented as received from project recipient(s). It has not been subjected to 
peer review or other review processes.  
 
*Abstract: Finger millet is an ancient cereal, domesticated 7000 years ago in East Africa, reaching 
India by3000 BC. The crop is resistant to many fungal pathogens including Fusarium, but the 
underlying reasons remain under-investigated. Finger millet has not apparently been explored for 
endophytes – microbes that inhabit plants without causing disease, some of which antagonize host 
pathogens. We hypothesized finger millet harbors endophytes that combat Fusarium, perhaps due to 
co-evolutionary selection, as at least one species of Fusarium has been reported to have an ancient 
African origin. Here, an attempt was made to isolate fungal endophytes from finger millet and 
characterize the efficacy of their extracts to suppress Fusarium. We report, to the best of our 
knowledge, the first isolation of endophytes from finger millet. Five distinct fungal strains were isolated 
from roots. Extracts from three endophytes inhibited growth of Fusarium graminearum and three other 
pathogenic Fusarium species. The endophyte extracts caused variable levels of toxicity in leaf and 
insect assays. In vitro interaction studies suggested that each extract had distinct fungicidal and/or 
fungistatic modes of action. From the most potent anti-Fusarium extract (from Phoma endophyte 
WF4), bioassay-guided fractionation identified the alkaloid viridicatol as the most active anti-fungal 
compound. Viridicatol caused dramatic cleavage of F.graminearum hyphae in vitro. Viridicatol has 
previously been associated with fungi that thrive in harsh environments. We conclude that the ancient, 
disease-tolerant crop, finger millet, is a novel source of endophytes that have the potential to combat 
modern crop pathogens through the production of natural products. 
 
*Keywords: Finger Millet, Endophyte, Fusarium, Viridicatol, Aspergillus, Penicillium, Phoma, Natural 
Products, Anti-Fungal, Microbiome, Fusarium Graminearum 
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*Country/Region: South Asia 
*Full Name of Research Organizations: University of Guelph 
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*Name(s) of Researcher/Members of Research Team: Manish N. Raizada (Corresponding author) 
*Contact Information of Researcher/Research Team members: Corresponding author: 
Department of Plant Agriculture, University of Guelph, Guelph, ON, Canada N1G 2W1, 1-518-824-
4120 x53396 (raizada@uoguelph.ca) 
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*Abstract: The small cereal finger millet (Eleusine coracana) is well known in India and north-east 
Africa as a highly nutrient efficient, low-input crop. In these regions finger millet is valued in part due to 
an ability to adapt to a wide range of agronomic conditions. Previous studies have shown that in 
contrast to high-input crops such as maize, finger millet requires very little nitrogen fertilization; 
however, exact mechanisms of adaptation remain largely unknown. Here we present a detailed 
investigation of various physiological parameters in their response to zero nitrogen application as 
compared to a low nitrogen dose including biomass differences, chlorophyll content, and nitrogen 
allocation. Additionally, we explore the use of sensitive imaging technology for the analysis of root 
characteristics in response to nitrogen removal. Results indicate that finger millet is well suited to its 
native nutrient-poor environments and is extremely responsive to very low levels of nitrogen. We 
discuss multiple areas in which finger millet may serve not only as a source of valuable traits for 
breeding highly nitrogen-use efficient lines, but also as a genetic repository for the improvement of 
other cereal crop species. 
 
*Keywords: Finger Millet, Nitrogen, Fertilizer, Root Hair, Root, Acclimation, Biomass, Physiology, 
Nitrogen use Efficiency, and Subsistence Farmer 
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*IDRC Project Number and component number (if applicable): 1065061 
*IDRC Project Title: Revalorizing Small Millets in Rainfed Regions of South Asia 
*Country/Region: South Asia 
*Full Name of Research Organizations: University of Guelph 
*Address of Research Organizations: Department of Plant Agriculture, University of Guelph, ON, 
Canada N1G 2W1 
*Name(s) of Researcher/Members of Research Team: Manish N. Raizada (Corresponding author) 
*Contact Information of Researcher/Research Team members: Corresponding author: 
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*This report is presented as received from project recipient(s). It has not been subjected to 
peer review or other review processes.  
 
*Abstract: Small millets are a group of less well-known plant species, which are grown, managed, 
and consumed particularly in rural areas of developing economies such as South Asia and Sub-
Saharan Africa, contributing to the livelihoods of the poor and to agricultural biodiversity (Baker, 
2003). These minor millets have a wide range of environmental adaptabilities -- able to grow 
successfully in diverse agro-climatic conditions of marginal, arid and mountainous terrains, having 
shorter growing periods, where major cereals have low success (Padulosi et al, 2009). They include 
Finger millet (Eleusine coracana), Foxtail or Italian millet (Setaria italica), Kodo millet (Paspalum 
scrobiculatum), Common or Proso millet (Panicum miliaceum), Little millet (Panicum sumatrense) and 
Barnyard or Sawa millet (Echinochloa utilis). This review is a meta-analysis of current fertilizer 
recommendations for finger millet and related millets grown in South Asia and Africa with a special 
focus on the importance of balanced soil nutrients. 
 
*Keywords: Finger Millet, Pearl Millet, Teff, Fertilizer, Balanced Nutrition 
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*Abstract:There are 1 billion poor farmers on Earth as well as >1 billion urban poor including 950 
million chronically malnourished people. Individual aid projects typically reach hundreds to thousands 
of people, in part because of a reliance on donor funding and a lack of transition to the private sector 
to allow for scaling up. An alternative approach to aid is to treat poor people, including subsistence 
farmers, as consumers, and make available to them a toolkit of seeds, technologies and information 
that they can choose from and purchase based on their needs. We call such a toolkit, a “Sustainable 
Agriculture Kit” (SAK), which consists of several $1 indigenous and scientific technologies, which 
target the micro-economy of scale of the world’s poor. Here we test the effectiveness of the SAK aid 
model for empowering tribal minor millet farmers, including women, in South Asia. 
 
 
*Keywords: Sustainable agriculture kit, Subsistence farmer, Finger millet, India, Nepal, Sri Lanka, 
Agronomy 
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Location: Sri Lanka, Thanamalwila 
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*Address of Research Organizations: Grain Legumes and Oil crops Research and Development 
Centre, Department of Agriculture, Angunakolapelessa, Sri Lanka 
*Name(s) of Researcher/Members of Research Team: D.P.P. Liyanage, A.P. Karunathilaka, E.K. 
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*Abstract: This report describes the Agronomy Researches carried out under RESMISA project to 
introduce suitable technology to develop sustainable Agriculture kit for rain fed farming system in 
Thanamalwila Divisional Secretariat area in Monaragala district, Sri Lanka. Three villages named 
Kahakurullanpellessa, Mahawewa and Sooriya Ara in the area, were selected with an aspiration of 
introducing improved technology for SAK development. Twelve locations were established with eight 
different treatments as participatory demonstrations in the 2013/2014 Maha season. Demonstrations 
(Research trials) were designed on comparisons of available weed control technologies. They were 
established in farmers’ fields using Randomized Complete Block Design (RCBD) with one replicate 
allocated per farmer. Manual weeding, chemical weed control by using selective herbicides (MCPA 
60) and mulching with organic materials were practiced for weed control, The yields obtained from 
plots under weed control methods were compared with the yield of no weed control plots. All the 
practices were tested under row sowing and random broadcasting. Highest yield was showed in the 
T1 treatment under row sowing and manual weeding. With the random broadcasting, manual weeding 
was difficult. Manual weed control and mulching were not efficient in broadcasted plots. Mulching was 
effective on weed control in row sown finger millet which gave high yield. Both broadcasted and row 
sown plots under chemical weed control showed significantly higher yields.  
  
Key words: Manual Weeding, Chemical Weed Control, Mulching, No Weeding 
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*Abstract: This paper furnishes results on Agronomy Researches carried out under RESMISA project 
to introduce suitable technology to develop sustainable Agriculture kit for rain fed farming system in 
Thanamalwila Divisional Secretariat area in Monaragala district- Sri Lanka. Three villages named 
Kahakurullanpellessa, Mahawewa and Sooriya Ara in the area, were selected with an aspiration of 
introducing improved technology for SAK development. Field studies were conducted at farmer fields 
during the 2013/14 Maha season to find out the most suitable time period / periods to weed control in 
groundnut. The soil type of the locations was sandy clay loam, surface of the soil friable when moist 
and sticky and plastic when wet. Soil pH is slightly more than 7.0 (R.B. Mapa et al. 2010) 
Recommended Tissa variety was planted 45cm aparted rows, with the row spacing as 15cm. The plot 
size was 20 m

2
. This study was done to evaluate the effects of weed removal times on groundnut 

yield. The natural weed populations were allowed to interfere with groundnut. Weed removal in 
different times from 3 weeks to 7 weeks from planting (WFP) were practiced to find out the most 
suitable time period or periods for weed removal. One plot was maintained weed free from 3 to 7 WFP 
and the control treatment was maintained through the season as weedy. Hand weeding was used to 
remove weeds. Department of Agriculture recommended practices were followed for fertilization, 
insect and pest management. Even though the crops were not performed well due to the drought, 
could able to collect data from four locations. Statistically analyzed data showed that the most suitable 
time periods for weed removal were 4 and 7 WFP for particular area. Groundnut yield decreased as 
weed interference intervals increased, demonstrating the need for weed control to get higher yield. 
 
Key words: Groundnut, Weed Removal, Weed Interference, Weed Populations 
  



 

 

55 

Annex 1.21 
 

Title: Millet Cultivation in Sri Lanka: Present status, Challenges and Potentials with special reference 
to Thanamalwila region in the Moneragala District. 

Subtitle: NA 
 

*By: H.Samaratunga
1
 .D.P.P. Liyanage

2
, M.C. Millawithanachchi

3
K.H. Sarananda

4
, A.P.Bentota

5
, 

L.M.Abeywickerama
6
 

Report Type: 
A review study paper (prepared for the forthcoming National policy Planning workshop on millets in 

September 2014) 
*Date: July 2014 

Published by: Unpublished 
Location: Sri Lanka, Thanamalwila 

Series Name: NA 
Number of Series part: NA 

 
*IDRC Project Number and component number (if applicable): 106506 
*IDRC Project Title: RESMISA Project, Sri Lanka (Work plan, Yala 2014, Objective 02) 
*Country/Region: Sri Lanka/Thanamalwila 
*Full Name of Research Organizations: Arthacharya Foundation & Department of Agriculture. 
*Address of Research Organizations: Grain Legumes and Oil crops Research and Development 
Centre, Department of Agriculture, Angunakolapelessa, Sri Lanka 
*Name(s) of Researcher/Members of Research Team: H.Samaratunga

1
 .D.P.P. Liyanage

2
, M.C. 

Millawithanachchi
3
K.H. Sarananda

4
, A.P.Bentota

5
, L.M.Abeywickerama

6
*Contact Information of 

Researcher/Research Team members: Grain Legumes and Oil crops Research and Development 
Centre, Angunakolapelessa, Food Research unit ,Department of agriculture Peradeniya, University of 
Ruhuna , Matara & Arthacharya Foundation , Colombo, Sri Lanka 
*This report is presented as received from project recipient(s). It has not been subjected to 
peer review or other review processes.  
 
*Abstract: Finger millet (ragi in India, kurakkan in Sri Lanka) and fox-tail millets are the ancient millets 
commonly cultivated in Sri Lanka. Of all the cereals and millets, finger millet has the highest amount 
of calcium (344mg per 100g) and potassium (408 mg per 100g). It has higher dietary fiber, minerals, 
and sulfur containing amino acids compared to white rice. Despite finger millet's rich nutrient profile, 
recent studies indicate lower consumption of millets in general. Recent studies indicated the blood 
glucose lowering, cholesterol lowering, antiulcerative, wound healing properties, etc., of finger millet. 
However, appropriate intervention to capitalize the benefits has not been taken by the relevant 
authorities. This study is to reveal the present status, challenges and potentials of cultivating small 
millets in Sri Lanka. Information were gathered from different published sources, field studies, focus 
group discussions and direct observation of the field by the scientists who are involved in the REMSIA 
project activities. Study revealed that the government policies have paid less attention on this 
category of crops compared to paddy, pulses, oil crops and vegetables during last decades. 
Therefore, the cultivation extent is gradually declining. However, at present, with the increasing 
incidences of persistent non-communicable chronic diseases such as diabetes and other stress 
related diseases, finger millets are becoming popular both in urban and rural areas. Therefore, the 
prices of finger millets and other small millet crops are increasing gradually. At present, the country is 
importing a considerable amount of finger millets to fill the gap between demand and domestic 
production. Varieties and cultural practiced of cultivating finger millets have not been significantly 
developed during last four decades compared to other crops. Also, the post harvesting and 
processing methods are primitive and traditional. Although there are several traditional recipes to 
prepare food from finger millets and other small millets, those preparations are not popular among 
modern generation and especially among children. Varietal development through breeding 
programmes and importing suitable germplasm from other countries, developing the technology for 
harvesting, post harvesting practices and developing recipes for preparation of food from finger millets 
are present needs to intervene to popularize finger millets among rural farmers in order to reduce 
malnutrition, increase the food security and also to prevent from emerging chronic diseases such as 
diabetes in even in rural areas reducing the productivity of rural poor. Also, intervention of 
stakeholders in formation and implementation of government policy strategies are necessary to stress 
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the importance of these crops in different aspects such as conserving bio-diversity, food security, rural 
poverty and regional disparity of poverty and health concerns. 
 
Key Words: Finger Millet, Present Status, Govt. Policy  
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*Abstract: Small millets are really adapted for the environment, low input usage, low water 
requirement, easy to cultivate, people have experience to cultivate, high in nutritive value and high in 
medicinal value. But, cultivation and production is under stagnation and local gene pool has reduced 
with the time. The main objectives of the survey were to determine production levels, consumption 
patterns and identify the constraints and potentials of small millets in the area. All the farmers who are 
cultivating field crops in Thanamalwila Divisional Secretariat division considered as the sample. Five 
villages named Mahawewa, Sooriya ara, Kumaragama, Kalawelgala and Kahakurullanpelessa were 
selected and twelve farmers of each village were selected as sample. According to results, 83.33% 
were cultivated under rain fed condition and 16.67% were used irrigation and Out of small millet 
farmers 95%were grown finger millet. 36.67% of farmers were reduced their cultivate area and 
11.67% were showed increment meanwhile 51.67% were no change. Out of respondents 66.67% 
were consumed less than 100 kg/year and every farmer were consumed small millet or millet base 
foods at least several times per year. When considering level of consumption, Production related 
constraints, harvest related constraints, post harvest related constraints and market related 
constraints were identified. Among the constraints, crop damage from wild animals, pests and 
diseases, adverse rain in harvesting period, difficulties in processing and low price at harvesting 
season were identified as major barriers, in the other hand land availability, low input usage and 
possibility to increase consumption as its medicinal value were identified as potentials of increase 
cultivation of small millets. Attention of popularizing new varieties, development of new equipments for 
processing industry is required. Training and skill development of farmers are important on new 
cultivation methods, and Increase cultivable lands in the area were identified as the potentials. 
 
Key words: Constraints, Potentials, Level of consumption, Cultivation, Production 
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*Abstract: A nutraceutical is a food with a medical-health benefit, including the prevention and 
treatment of diseases. Traditionally the nutraceuticals were present in a medicinal format such as a 
capsule, tablet or powder in a prescribed dose, although more modern nutraceuticals such as 
probiotic drinks and yogurt are now found in ordinary supermarkets. More rigorously, nutraceutical 
implies that the extract or food is demonstrated to have a physiological benefit or provide protection 
against a chronic disease. Functional foods are defined as foods being consumed as part of a usual 
diet but are demonstrated to have physiological benefits and/or reduce the risk of chronic disease 
beyond basic nutritional functions. Nutraceutical examples are flavonoids, antioxidants, alpha-linolenic 
acid, beta-carotene, anthocyanins, etc. With the US Dietary Supplement Health and Education Act 
(DSHEA), several other compounds were added to the list of supplements originally mentioned in 
FDA notification. Millet is one of the oldest foods known to mankind and possibly the first cereal grain 
used for domestic purposes. Today millet ranks as the sixth most important grain in the world, 
sustains 1/3 of the world’s population. In fact, while it is often called as grain because of grain-like 
consistency, millet is actually a seed. For centuries millet has been a prized crop in India, used in 
everything from traditional recipes to snacks and as cereal grain. India is the largest producer of many 
kinds of millets, which includes sorghum (Sorghum vulgaris), pearl millet (Pennisetum americanum) 
and the minor millets include 6 main grain crops which are finger millet (ragi in Tamil vernacular or 
Eleusine coracana), kodo millet (varagu or Paspalum scrobiculatum), little millet (samai or Panicum 
sumatrense), foxtail millet (tenai or Setaria italica), proso millet (panivaragu or Panicum milliaceum), 
and barnyard millet (kudiraivali or Echinochloa frumentacea).  
 
Keywords: Nutraceuticals, Small Millets 
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*Abstract: Dietary fibre and iron provide many health benefits and the amount of dietary fibre 
consumed by children is inadequate for optimal health promotion and disease prevention. Low level of 
fibre consumption in children has observed in most of the developing countries. The present study 
was carried out to develop a fibre and iron enriched stirred yoghurt using finger millet (Eleucine 
coracana) flour as a stabilizer. 4%, 6% and 8% levels of finger millet flour were incorporated and 
yoghurt produced without finger millet was used as the control. Treatments were arranged in 
completely Randomized Design (CRD) with flour replicates. Acidity and pH were recorded in ½ hrs 
intervals during incubation and 3hr after incubation. The proximate analysis was done to determine 
the chemical composition of best treatment. Shelf-life of the best treatment was determined by 
microbial, chemical and sensory evaluation tests at 0, 7 and 15 days of storage at 4

o
C. Parametric 

data (Acidity, pH) were analyzed using SAS and their mean separation was done by Tukey’s test. The 
organoleptic data were analyzed by Friedman test in MINITAB. The addition of finger millet flour 
created a significant difference for pH and titratable acidity (p<0.05) than the control. Hence, the 
safety of the developed products deviated from the control. Citric acid was added before fermentation 
to reduce the pH to a safer level. Results revealed that addition of citric acid before fermentation was 
not possible. Therefore, citric acid was added before string the yoghurt to produce a safe product 
there were no significant differences (p<0.05) among treatments. Yoghurt added with 8% finger millet 
flour was selected as the best product, which contained 4.9% crude protein, 1.2g% fiber and 
1.12mg% iron. During 15 days of storage at 4

o
C, microbial counts, acidity and pH were within the 

standards specified by the Sri Lankan Standard Institute and the organoleptic qualities deteriorated 
after 12 days of storage. Therefore, the developed product could be stored safely for 12 days at 
refrigerated condition (4

o
C). The yoghurt produced by adding 8% finger millet could be recommended 

as a fibre and iron enriched lacto vegetarian product for future needs. 
 
Key words: Finger Millet, Stirred Yoghurt, Fibre, Iron 
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*Abstract: Protein energy malnutrition and micronutrient deficiencies have been persistent health 
challenges in the country. This study was designed to develop nutrient enriched sponge cake mixture 
at low cost so that it can be used to overcome the malnutrition problem among children, on an idea 
created under the work plan of RESMISA project. At the same time, sponge cake was produced using 
the developed flour mixture and nutritional value was analyzed for both products. In this research 
study, a sponge cake mixture was produced using finger millet, corn and soy flour. Through a 
preliminary study, 10% soy flour was selected as the best among to produce sponge cake with the 
absence of unpleasant taste. Flour formulations were developed for the sensory analysis to select the 
best mixing ratio of flour with 100% finger millet flour product as a control. Sensory data were 
analyzed by Kruskal Wallis test. There were no significant difference (p>0.05) between five samples, 
therefore the highest mean rank product of 60% finger millet, 30% corn and 10% soy flour was 
selected as the best sample. Proximate analysis and shelf life analysis were conducted for both 
selected flour mixture and developed sponge cake. Selected flour mixture was contained 8.7% 
moisture, 9.8% crude protein, 4.8% fat, 3.6% ash, 2.9% crude fibre and 70.2% Carbohydrates. 
Microbiology counts were within the acceptable levels of all samples within three months of tested 
time duration. The sensory attributes of the selected flour mixture had not deviated from the initial 
status. Therefore, the developed product can be kept for three months without any changes in its 
quality and the developed sponge cake was safe to consume for five days due to microbiology counts 
were within acceptable level for five days. This low cost nutritious cereal based sponge cake was at 
consumer acceptable level and it can be introduced to the society as an alternative for the wheat flour 
based muffin. 
 
Key words: Finger Millet Flour Mixtures, Nutritious Mixtures, Sponge Cake 
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*Abstract: Finger millet (Eleusine coracana L.) is said to be healthier than western grain products 
such as wheat and maize mainly due to its fibre content. It is rich in fibre, protein and amino acids, 
calcium, iron and other minerals. It supports in bone development, weight loss, acts as a relaxant, it 
reduce high cholesterol and glucose level in the blood. Due to busy lifestyles, most people used to eat 
junk foods, produced using wheat flour which is less in nutrition which causes diseases like diabetes, 
colon diseases, and obesity. When compared with wheat flour, rice flour and finger millet is rich 
source of fibre and vitamins. Replacing wheat flour with finger millet flour and rice flour could reduce 
the occurrence of such diseases. Objective of the study was to develop high fibre, low fat finger millet 
flour based sweet baked product suitable for both vegetarians and non-vegetarians. The study was 
carried out at the Food Research Unit of Development of Agriculture of Gannoruwa, Peradeniya on an 
idea conceived through RESMISA project on new recipes or Three types of coconut cake mixture 
were prepared with different finger millet and rice flour ratios: 30% finger millet flour: 70% rice flour: 
50% finger millet flour: 50% rice flour and 70% finger millet flour: 30% rice flour. The dough of three 
mixtures was baked separately in a preheated oven at 150

o
C for 45 minute. The appearance, texture, 

flavour, aroma, color and overall acceptance of the three different baked products were evaluated on 
a 5-point hedonic scale using 30 panellists. Results obtained from hedonic test were analyzed using 
Friedman test. Non-parametric analysis was carried out using MINITAB version 16.The baked product 
contained 70% finger millet flour and 30% rice flour recorded the highest preference for the flavour 
(p=0.000), aroma (p=0.017) and overall acceptability (p=0.001). The general acceptance is that 
inclusion on finger millet flour in preparing food items is restricted due to its coarseness and bulky 
nature. The results showed that this supposition is not completely correct, because as we went on 
increasing the proportion of finger millet flour, the consumer preference was also on the increase. This 
is a positive sign that there is a possibility of incorporating a higher proportion of finger millet flour in 
making future food items without affecting consumer preference and thereby the usage of wheat flour 
based food item can be discouraged. 
 
Key Words: Cake Mixture, Finger Millet, Composite Flour, Nutritious Cake Mixture 
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* Abstract: This survey was carried out to identify the Indigenous Knowledge (IK) used in sustainable 
agriculture in Thanamalwila DS division, Monaragala District in Sri Lanka. IK is the knowledge that 
has been developed over time in a community mainly through accumulation of experiences and 
intimate understanding of the environment in a given culture. In this survey information gathered 
covered IK on farming activities such as soil conservation, controlling pests and diseases, planting 
materials, harvesting and storage of seeds or grains of cultivating crops, traditional recipes, ideas on 
health and nutrition in a particular area. A pre-tested interview schedule was used to collect 
information from farmers. Selected villages were different from each other, based on their socio-
economic activities and also in cultivating crops. In the survey information was collected by 
interviewing selected farmer groups of the project site, Buddhist monks, Local healers, Ayurvedic 
doctors and Aged persons. From the information collected in the survey, it was found that there was 
common knowledge known by every person and rare and precious knowledge were there with elderly 
farmers, local healers and local doctors in the area. And there is a possibility to use this available IK 
for sustainability of Agriculture especially for low cost farming (organic farming). IK in the area is 
gradually disappearing with the time due to many reasons, such as hesitating to give knowledge to 
persons outside from their own family, youngsters like to go to towns for jobs. IK in Agriculture is 
disappearing because the farmers are adapting easy methods such as chemical control of pests and 
diseases.  
 
Key words: Indigenous Knowledge, Farming Activities, Sustainability of Agriculture 
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*Abstract: The participation of farmers in agriculture technology research is key to improvements in 
productivity in rainfed agricultural systems. Bringing together the perspectives of farmers, scientists 
and development organizations toward building sustainable agricultural systems requires linkages 
between ecology, natural sciences, and social context. Testing and disseminating agricultural 
technologies requires not only addressing technical production problems and bottlenecks, but also the 
ecological and social contexts in which people utilize resources and apply technologies: what Nyerges 
(1997) terms the ecology of practice. I look at the way that different actors understand efforts to 
increase the production of small millets through research on agronomic practices, participatory 
varietal selection and post-harvest technologies in the Revalorizing Small Millets in South Asia 
(RESMISA) project. With a perspective toward the way people engage in agricultural development 
projects, the objective of this research is to draw out an understanding of participation and 
interdisciplinary collaboration that can promote adoption of technologies for sustainable agricultural 
systems. Through ethnographic research in Nepal and with project partners in India, I find that 
technologies that address a technical problem must fit into a localized social context in order for 
changes in agronomic practices to take place. 
 
*Keywords: Technology, Knowledge System, Food security, Small Millets, Nepal 
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*Abstract: The decline in cultivation and consumption of small millets crops seen across India in 
recent decades has raised concern for regional food and nutritional security, and is an issue of great 
complexity. These highly nutritious grains also hold significant cultural value as traditional foods for 
tribal farming populations and remain important contributors to regional agro-biodiversity. By localizing 
small millets within the broader context of agricultural change, this work investigates links between 
cultivation, distribution and consumption – or the market chain – of small millet varieties in Dumriguda 
Mandal in Andhra Pradesh, India. Employing an interdisciplinary methodology drawing on 
anthropological and agribusiness approaches, this study conducts an in-depth, qualitative market 
chain analysis for finger millet and little millet varieties to produce a multi-sited ethnographic work on 
informal agricultural marketing in the case study area. In incorporating the political economic, 
historical and cultural dimensions of millets and other crops, this research teases out the complex 
relationships between food security, livelihoods, market relations and development interventions. This 
research aims to demonstrate how a holistic study of an agricultural commodity, which includes on-
farm cultivation and consumption, can get at how smallholder farmers participate in local markets, in 
everyday practice, and how they engage with change. 
 
*Keywords: Sustainable Livelihoods, Biodiversity, Food security, Small millets, Andhra Pradesh 
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*Abstract: The informal sector plays an essential role in providing urban poor in developing countries 
with food security and livelihoods. Within the informal sector women are more highly represented than 
men and are concentrated in more “feminine” niches such as food production and street food vending. 
Street food vending has potential for empowering women, through greater autonomy and increased 
income, as well as improving their household food security by increasing their resilience to food 
shocks and stresses. However, a closer examination of female vendors within the sector shows that 
they are subject to severe discrimination and barriers, which have negative implications for their 
livelihoods and for urban food security as a whole. The paper includes an overview of the street 
vending sector in Madurai, Tamil Nadu, India, socioeconomic profile of female vendors, diversity of 
street food, a comparison of male and female vendors, barriers facing female vendors and 
consumers, and a discussion on how policy makers can better support female vendors. Synthesizing 
theoretical understandings of gender, development, and the informal sector, as well as primary data 
collected from case study research in Madurai, the paper displays the experiences of female street 
food vendors in the informal food sector and their contributions to urban food security. The paper 
concludes that without a in-depth understanding of the gender dimensions in this sector, well-intended 
food security measures that appear to support street food vendors can contribute to further 
marginalization of poor urban women. 
 
*Keywords: Informal sector, street food vendors, food security, small millets, gender, India 
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*Abstract: Although the street food sector plays an important role in urban food security, state-led 
food security measures in India have failed to provide a role for poor urban street food vendors to 
engage in the distribution and consumption of healthy foods. Instead, state-led food security 
schemes, whether production, distribution, or consumption oriented, have viewed the urban poor 
simply as beneficiaries of subsidized grain. This case study illustrates how the street food sector, 
operated by poor urban vendors selling ready-to-eat healthy millet-based porridges in Madurai, has 
improved access to nutritious foods and created livelihood opportunities for the urban poor. The paper 
provides an overview of the informal street food sector, socioeconomic conditions of vendors, gender-
based division of labour, as well as the food preferences and health awareness of consumers. The 
analysis of data indicates the marginalization of street food vendors under the existing policy 
environment in urban India. The paper discusses how the state, as a regulatory body and a service 
delivery agent, as well as research and development organizations, can strengthen the rights and 
capabilities of street vendors to promote urban food security. 
 
*Keywords: Food Security, Informal Sector, Street Food Vendors, Small Millets, Diabetes, Urban 
Poverty, India 
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*Abstract: The Public Distribution System (PDS) in India is the largest state-led food security 
program in the world. It is a key part of the social safety net of the poor in India, delivering subsidized 
food grains to more than 20 million poor households. However, not much research has been done on 
its impacts on the diversity of the food basket, or on health and nutrition and popular consumption 
preferences. Although there is growing awareness of small millet’s nutritional importance, state-led 
food distribution programs have not included it. As a result of this policy and other policies and 
changing norms, small millets have decreased in people’s food consumption practices. Understanding 
popular perceptions of healthy food and the drivers of those perceptions is essential to the design of 
successful state-led food security measures. This paper analyses factors responsible for the shift in 
consumption of small millets and then examines the potential to reverse the trend. It does so by 
assessing knowledge, attitude and behavior with regard to small millets among rural and urban 
populations in Andhra Pradesh and Tamil Nadu. The paper also reports on interviews with policy 
makers and officials at various levels, and consumers of PDS shops. It emerges that through a 
decentralized procurement and distribution system approach, small millets can be included in PDS 
with minimal implications for the existing storage and distribution system, although with significant 
cost implications. Results also suggest that the rural and urban poor are alike in expressing positive 
attitudes to and preferences for small millets. The poor are willing to pay double the price of rice and 
wheat for millet. The paper concludes with suggestions for policy makers on how to introduce small 
millets, with a focus on the implications of introducing small millets into existing PDS procurement and 
distribution processes. 
 
*Keywords: Public Distribution System (PDS), Food Security, Nutrition Security, India 
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*Abstract: Increasing universalization of diet toward rice and wheat has severely impacted dietary 
diversity of cereals and popular consumption preferences. Millets are good source of protein, vitamins 
and essential minerals and considered to play vital role in management of non-communicable 
diseases. Although there is growing awareness about millet’s nutritional benefits, its share has 
decreased in people’s food consumption practices due to biased food and agriculture policies and 
changing norms. Understanding popular perceptions of healthy food and the drivers of those 
perceptions is essential to the design of successful state-led food security measures. This paper 
analyses factors responsible for the shift in consumption of small millets and then examines the 
potential for reversing the trend. It does so by assessing knowledge, attitude and behavior with regard 
to small millets among rural and urban populations in Tamil Nadu. The paper reports on interviews 
with consumers, producers and policy makers and officials at various levels. Results suggest that the 
rural and urban poor are alike in expressing good knowledge, positive attitudes and preferences for 
small millets. The poor are willing to increase consumption of millets, and ready pay triple the price of 
rice and wheat for millet at PDS. It emerges that awareness programs for nutritional benefits of millets 
and procurement and distribution of millets through PDS can revert back its consumption and improve 
nutritional health of poor. The paper concludes with suggestions for policy makers to introduce small 
millets into existing PDS procurement and distribution processes. 
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*Abstract: This paper explores ways to promote millets in Public Distribution System (PDS) in Tamil 
Nadu. Unsustainable food security model dominated by supply of rice and wheat, globalization, rising 
wealth, and changing food preferences has eroded balanced and diverse traditional food system. 
Inappropriate dietary transition has created a nutritional paradox of under nutrition and over-nutrition 
in the state. State government should include Millets in PDS as health focused food security 
intervention. National Food Security Ordinance provides opportunity to include millets in PDS without 
any financial implications on state economy. People are willing to consume millets provided 
consumption related constraints such as availability and drudgery involved in processing are 
minimized. Current production level of millets in Tamil Nadu can cover only 50 percent of its 
population under targeted coverage. The supply gap is almost 279 thousand tons of millets for 
universal coverage at distribution rate of 3 kilograms per capita per month. Under limited supply, state 
government can include millets in PDS in phased manner. Long term research, and extension plan is 
required for increasing area and productivity of millets. Only narrowing of productivity gap between 
farmer’s field and research center alone can increase millet supply sufficient to meet projected 
requirement of millets for universal PDS until the year 2023. Balanced and well-designed government 
intervention policies can satisfy market demand and government’s social welfare obligations. Public 
distribution of millets would confer people with sovereign right to food, which is locally produced, 
nutritious, and culturally appropriate. 
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*Abstract: It is increasingly realized that hunger and malnutrition is an economic burden to the 
society affecting physical and mental capabilities of human resources. The damage done by 
malnutrition in early stages is irreversible and it inherits from one generation to the other (Drop; M. 
Van, C.H. Oenema, I.D. Verdonk 2011[i]). Despite India runs world’s largest nutrition programmes, 
HUNGaMA[ii] study revealed that as many as 42% of under five years are severely or moderately 
malnourished in India. Since their initiation, overreliance of these programmes on calories rich rice 
and wheat lead to gradual erosion of millets besides food cultures and knowledge systems associated 
with these nutritious food crops. A multipronged strategy of promoting millet production, procurement 
and inclusion in ICDS (Integrated Child Development Services) is piloted. Besides these structural 
interventions, promotional activities are also taken to impart nutritional education to understand the 
nuances of the introducing millets in public funded food programmes.  
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Investigator, RESMISA project, Program Leader, Rainfed Farming Development Program, DHAN 
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*Abstract: In India, lack of dietary diversity is one of the key factors behind malnutrition and the 

prevalence of non‐communicable diseases such as diabetes. Small millets, grown as a complement to 

existing crops, could contribute to an answer. Performing well in marginal environments they have 
superior nutritional properties, including high micronutrient and dietary fibre content, and low glycemic 
index. However, there has been a drastic decline in production and consumption of small millets 
mainly due to limited productivity, high drudgery involved in their processing, negative perceptions of 
small millets as a food for the poor and policy neglect when compared to other crops. In response, 

farmer‐led research, innovative promotional efforts and inclusion of small millets in public food 

programs introduced under the Revalorising Small Millets in Rainfed Regions of South Asia project 
have brought increases in their production and consumption. But integrated and focused public 
support is now needed for demand stimulation through large scale awareness programs and inclusion 

in government food schemes, increasing production through context‐specific production technologies, 

creating decentralized processing infrastructure and local market development in order to bring back 
small millets to farms and food 
baskets on a wider scale.  
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*Abstract: Finger millet (Eleucine coracona) is the fourth major cereal crop in Nepal, cultivated in 
274,350 hectare with an annual production of 305,588 metric tons. The crop 
has a wide ecological and geographical adaptability and resilience to various agro-climatic 
adversities, hence it is highly suited to marginal and low external input agriculture. Finger millet grains 
are used to brew local alcoholic beverages, owing its significance in the local 
culture of some ethnic communities. It has the potential to improve food security, health, income, 
livestock production and overall development of small holders living in marginal lands. Despite having 
multiple uses, challenges of cultivation and promotion of finger millet 
abound due to the constraints associated with labour intensive agronomic cultivation practices 
including postharvest handling and negative socio-cultural beliefs. With due consideration of all these 
facts, IDRC and CIDA(currently DFATD) funded the Revalorizing Small Millets in Rain-fed Regions of 
South Asia (RESMISA) project, implemented in Kaski and Dhading districts of Nepal. The project 
made efforts to uplift the current status of the crop through various participatory on-farm research, 
innovative promotion, and inclusion of small millets in public food programmes. These efforts have 
shown that it is possible to improve the status of small millets, but support from the public sector will 
be the key to further success of the project. It is anticipated that the outputs and lessons from the 
project will be integrated in the government programmes and plans for improved food and nutrition 
security and increased resilience to climate-induced problems in agriculture. 
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*Abstract: Small millets, a group of small-grained cereal crops, are known for their high nutritional 
qualities and hardiness to suit rainfed farming situations. Hence, they are the most promising crops for 
food and nutrient security in South Asian countries like India, Nepal and Sri Lanka. But they are losing 
their ground as seen by their gradual decline in area and production. In India the area under these 
crops has shrunk from 8 million ha in 1950 to 2.3 million ha in 2012, falling in production from around 
4 million tonnes to 2.5 million tonnes. The main constraints are low yield of existing varieties, poor 
seed quality and lack of access to improved varieties by farmers. To address these constraints 
‘Revalorising small millets in South Asia’ (RESMISA) project adopted participatory approach to bring 
together farmers and scientists in finding solutions to location specific issues. In three cycles of 
participatory varietal selection as many as 76 local varieties, 46 released varieties and 22 pre-release 
varieties of four focus crops were evaluated across the project sites. Intensive on-farm evaluation of 
improved and traditional varieties of small millets by involving local farmers, both men and women, 
helped to achieve a remarkable progress in terms of 1) Improving access to suitable varieties for 
small millet farmers, 2) Increased access to quality seed of promising varieties and 3) Increased 
productivity for farmers in rainfed areas. The results from the PVS trials can feed to further research 
related to varietal improvement by research institutions including participatory plant breeding. 
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*Abstract: While cereal crops, such as rice and wheat, are a relatively low-cost source of dietary 
calories, coarse grained cereals known as small millets offer better nutrition. They contain higher 
levels of various micronutrients, including vitamin B, calcium, iron and sulfur. Small millets are also 
rich in dietary fibre, have low glycemic index and are known for their adaptation to a wide range of 
growing environments. However, over the past three decades, cultivated area of small millets has 
been declining in India, Nepal and Sri Lanka. While currently grown on over 2.3 million hectares, 
farmers are losing interest in these crops, which are labour intensive, both in production and post-
harvest processing. Women are responsible for the bulk of processing, which involves considerable 
drudgery. In Semiliguda, India, for example, little millet is parboiled, dried and then pounded four to 
seven times before the grain can be consumed. In Nepal, finger millet threshing is done by trampling 
the panicles under the feet or by beating with a stick, leading to rashes on the feet and swellings on 
the palms. Small millets are perceived as a low status food crop, and have been largely ignored by 
formal research and extension services. Women’s responsibility for these crops also appears to be a 
factor in their low status in the region. Between 2011 and 2014, the Revalorizing Small Millets in 
Rainfed Regions of South Asia (RESMISA) project has been working in six sites in India, and one site 
in each of Nepal and Sri Lanka to enhance the status of small millets in local diets, especially among 
rural women and children. The emerging outcomes from the project include reduced drudgery of 
women mainly related to harvesting and post-harvest operations, improved capacity of women in 
engaging in on-farm research to identify the technological choices suitable for them and their ability to 
relate with outsiders, increased dietary diversity among women and children, and reduced women’s 
dependency on men.  
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*Abstract: This chapter addresses the impact of improved small farm tools and machinery, and 
agricultural practices in finger millet production in Nepal, of which women undertake over 90 percent 
of the workload. Labour in rural households has been adversely affected by male labour out-
migration. A mixed research conducted in two districts of Nepal showed that 95 percent of women 
face the drudgery of threshing the finger millet manually by trampling the harvested crop with their feet 
and beating it with sticks. The introduction of a pedal operated thresher decreased the workload of 
women and increased the participation of men in threshing. Additionally, small weeding tools and line 
transplanting improved labour efficiency. The paper concludes with a discussion of the requirements 
for the scaling up of relevant cultivation practices and adoption of low cost farm tools and machinery. 
Implications for gender relations exist with respect to men’s increased workload in threshing but also, 
men’s increased work efficiency. 
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*Abstract: We are living in a world of paradoxes. Indian nutrition scenario is a clear case in point. On 
the one hand we have sustained economic growth and enviable production of food grains; but on the 
other hand we are seeing large scale malnutrition issues including anaemia and children with 
underweight. This is despite large scale State efforts for addressing these issues. It is increasingly 
becoming clear that business as usual solutions are not working and it is imperative to find innovative 
solutions that can address effectively the challenges towards food and nutrition security. It is in this 
context that Canadian International Food Security Research Fund (CIFSRF) from IDRC and DFATD, 
Canada, has been supporting research for development projects which are innovative in their themes, 
approach and/or partnership. One such project is Revalorising Small Millets in the Rainfed Regions of 
South Asia (RESMISA) initiated with the purpose of promoting production and consumption of small 
millets. RESMISA project adopted farmer-led context specific technology development and innovative 
promotional approach through private and public channel in order to increase the production and 
consumption of millets in eight regions in India, Nepal and Sri Lanka. For addressing the production 
constraints 132 local varieties have been identified for conservation and 30 farmers preferred varieties 
were identified through participatory varietal selection and are in the process of wider dissemination to 
farmers’ field. For addressing dehulling constraint two improved centrifugal dehuller prototypes were 
developed, which has reduced the drudgery of women by 70 %. Similarly improvising the existing 
harvester for small millets have reduced the drudgery of women from 35-60 %. Innovative approaches 
are adopted for intervening in the value chain to make small millet products available in the local area 
at affordable prices. The evidence generated by the RESMISA project indicates that a comprehensive 
and integrated development strategy addressing production, demand and research on an extensive 
yet location-sensitive scale need to be adopted by the Governments to effectively promote small 
millets for addressing nutritional security.  
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*Abstract: It is evident that green revolution has proved a technological advancement in agriculture 
and contributed to global food security. However, the way it impacted the resource-poor and less 
favoured areas is different than the areas where there is high potential for high-input commercial 
agriculture. The resulting agrarian changes in such areas outside the realm of green revolution are 
also different. Drawing from a fieldwork conducted in two Indian states of Tamil Nadu and Odisha, the 
paper illustrates decreasing crop diversity, declining cultivation of traditional crops, declining interest 
in agriculture, feminization of agriculture, and rural-urban migration are the major agrarian changes in 
such areas. These changes have been providing different challenges and opportunities in people’s 
quest for upward mobility and wellbeing, which may question for the sustainable solution of 
agricultural development. Thus, it is important to understand these changes as the other side of 
development in the contemporary agrarian society in rural India in particular and in global south in 
general. 
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*Abstract: Heavily dependent on remittances earned by migrant workers (22% of national GDP), 
Nepal has poor performance in the human development and food security indicators such as life 
expectancy (69 years), child mortality (50 children U5/1000 live births), child underweight (38.6%), 
maternal mortality (170 children U5/100,000 live births), adult literacy (60%) where 25 percent 
population make less than $1.25/day. Some reported problems are Nepal’s political instability, low 
state of agricultural development, and lack of infrastructural development. In addition, the rapid 
increase in male labour out-migration that not only diverts rural labour force out of agriculture, but also 
leaves women behind with additional responsibilities to manage households and agriculture on their 
own with limited access to production resources, credit facilities and lack of decision-making power, 
which may produce entirely different picture. Based on a research conducted in a hilly village of 
western Nepal, the paper illustrates that the socio-cultural changes in the research area have 
provided opportunities for economic development and gender equality, but at the same time they may 
change the way food security is attained. The agricultural sector can be further neglected and people 
gradually loose access to an internal and reliable supply of food and increase their dependence on 
the market. Thus, the chapter argues that male out-migration contributes to gender equality, but it 
may challenge the notion of food production and the family farm as a ‘women’s domain’ by changing 
the way food is accessed in the long run. 
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*Abstract: Throughout India, short term labour migration represents an important livelihood strategy 
for millions of rural households. Labour migration can be viewed as one tool by rural Indian 
households to diversify income, mitigate risk, and build resilience to external shocks. According to the 
55th round of the National Sample Survey (NSS), at least 10 million Indians engage in short term or 
seasonal labour migration annually, with the actual number estimated to be much higher based on 
results from recent community-level and state-level migration studies. This study explored the 
dynamics and characteristics of short-term internal migration trajectories originating from three rural 
panchayats in Tamil Nadu, India. Drawing on data from 66 semi-structured interviews and 300 
household questionnaires capturing 1,693 individuals in 20 rural villages, we examined individual-
level and household-level factors driving labour migration decisions and action in this context. The 
use of a mixed method approach aided in addressing the nuances and complexities of labour 
migration in southern India in addition to recognizing the need to measure not only economic 
determinants of labour migration, but also socio-cultural, environmental, and demographic factors. We 
first considered what individual-level and household-level factors may enable or compel an individual 
to participate in short term labour migration. We then explored factors that may deter an individual 
from engaging in short term labour migration. Finally, we considered the implications of this study for 
non-governmental organizations and government agencies that are in the best position to carry out 
agricultural and community development initiatives in addition to support highly mobile populations in 
southern India. 
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*Abstract: Type 2 diabetes (T2D) is an escalating public health problem in India due to genetic 
susceptibility, dietary shift, and rapid lifestyle changes. Historically a disease of the urban elite, recent 
quantitative studies have confirmed rising prevalence rates amongst poor populations in rural India as 
well. Qualitative research is a powerful tool for analyzing the impact of culture on the prevention 
and/or exacerbation of disease outcomes. From February to April 2013, we used in-depth interviews, 
focus groups, and validation techniques with 54 diabetic patients in rural Tamil Nadu to understand 
their experiences with and perceptions of T2D. We identified several cultural constructs that should be 
used as a foundation for building solutions for rural T2D. Identified constructs related to food security, 
nutrition, exercise, body image, mental health, and access to health services. This research has 
importance for public health policy and programming as diabetes prevalence continues to increase 
across rural India. 
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