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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.
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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 Figure 1: Location of RESMISA Project Sites in South Asia
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.
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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 (PIsSA): 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, indepth 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.
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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 (SAPIs): 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
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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

Dumriguda

7

10

Bero

5

Anchetty

9

2

Jawadhu Hills

5

15

Peraiyur
Nepal
Sri Lanka
Total varieties (160)

1
29

4
1

5

3

6
2

3
82

5

6

5

4
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
Figure 2: Barnyard millet varieties evaluated in
Peraiyur, India
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

No. of varieties
included in PVS

Crop

No. of farmer preferred
varieties identified
Local

Released

Pre
Release

Total

6

3

2

0

5

6

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

Kodo millet

5

3

4

1

Finger millet

18

6

1

2

1

3

Little millet

10

6

Local

Released

SD LM*

8

LD LM#

Pre
Release

India
Jawadhu Hills

Semiliguda

1

3
1

Bero

Finger millet

4

5

1

3

1

4

Dumriguda

Finger millet

1

3

2

1

1

2

Little millet

2

2
1

4

6

1

2

3

Nepal

Finger millet

-3

1

6

Sri Lanka

Finger millet

3

3

4

1

*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
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attributes (tillering, panicle size and bold
“We usually grow the Muttan kezhvaragu variety of finger
grains), farmers considered crop
millet. Last year we tried the GPU 28 variety for the first time
duration, non-shattering of grains at
in our field under baby trial. To our surprise, we harvested
maturity and fodder yield as important
129 kg from 0.13 acres, while our usual variety gave only 27
attributes affecting their varietal
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
selections. Women farmers were more
GPU 28 variety next year.”
concerned with non-lodging, uniform
maturity and grain quality traits, such as
Amutha, female farmer from Puthur, Nammiyampattu,
Jawadhu Hills, India
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,
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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 20page 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
Jawadhu HillsLittle millet &
finger millet

Site specific problems

Sustainable agriculture practices identified

1) High plant population
density,

1. Using Tirupathur and Uthangarai iron ploughs ,

1

2) Low soil fertility

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

3) Less attention to soil
and weed management

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,
2

5. Top dressing of Jeevamrutham &
6. Intercropping with redgram

SemiligudaFinger millet
little millet

&

3

1) High plant population,

1. Using improved H.S. iron plough ,

2) Weed menace &

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

3) Competition with paddy
for labour

3. Transplanting of finger millet,
4. Intercropping with redgram,
5. Using modified weeder &
6. Composting using pit

DumrigudaFinger millet
little millet

&

BeroFinger millet

1) High plant population,

1. Transplanting finger millet,

2) Competition with
vegetables for labour

2. Jeevamrutham and Panchakavya application & 3.
Tirupathur model plough

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

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

3) Less attention for weed
management

4

5

2. Line transplanting or Guli method ,
6

3. Using Bhimji kudal ,
4. Ensuring weeding after 30-35 days of transplantation,
5. Top dressing with Urea &
6. Tirupathur model plough

PeraiyurBarnyard 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,
7

2. Basal application of Ganajeevamrutham ,
3. Using optimum seed rate,
4. Reintroduction of intercropping,
5. Gap filling at right time &
6. Top dressing with Jeevamrutham / urea

Anchetty-

1) Low soil fertility,

Finger millet

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-

1) High labour intensity,

Finger millet

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 LankaFinger millet

1) Primitive system of
cultivation,

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

2) Weed menace,

2. Selective herbicide use,

3) Wild animal damage

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

4) Lack of appropriate
machinery and tools

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
“I am from a traditional farming family. Previously, we used
Jawadhu Hills, improved plough models
broadcasting for finger millet cultivation. With the project we
has reduced the drudgery and dependency
learnt to cultivate in rows. It is a very good method. I can
control weeds easily between rows and get higher yields. We
of women farmers on men. A few of the
also learnt a lot from the project about pest and disease
results of on-farm trials needs further
control.”
testing. Dr Raizada and LI-BIRD developed
Damyanthi, a small millet farmer from Kahakurullanpelessa,
a project proposal (CIFSRF Call 4) for
Sri Lanka
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
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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
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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
Figure 3: Dehuller being used by villagers in Semiliguda,
is given in the Table 4 and further details
India
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
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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)
b)
c)
d)

Identification of organisms/ factors causing blackening of finger millet grains
Identification of organisms/ factors causing poisoning from kodo millet consumption
The optimization of the parboiling process for kodo millet and foxtail millet
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)
b)
c)
d)
e)

Local market survey in all the sites (Annex 9 of the TR1)
Consumer survey in Sri Lanka (Annex 2.16 of the TR3)
Consumer survey of street vendors in Tamil Nadu, India (Annex 2.37 of the TR4)
Study of marketing channels and value chain in Nepal (Annex 2.29 of the TR3)
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 nonsite consumers was followed to promote small millets consumption in the project.
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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
Figure 4: Recipe demonstration in progress in Semiliguda,
India
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,
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Figure 5: Walkathon held at Tumkur, Karnataka

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.

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.

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.
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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.

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.

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
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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, nonavailability 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 midday meals 1 to 4 times per month in ten
Figure 6: Introduction of finger millet recipes in School,
government schools catering to 848
Nepal
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
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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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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
Figure 7: Introduction of millet recipes in ICDS, Andhra
nutrition of participants in two project
Pradesh, India
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
Box 3: Impact of iron plough in Jawadhu Hills
uncultivated greens and small millet
recipes. The project provided a unique
In Jawadhu Hills, India, women are often responsible for
opportunity to women for enhancing their
ploughing land, particularly in the case of women headed
research skills and empowered them to
households and households where men have migrated
work with scientists and development
for off-farm work. Typically, the wooden plough used by
institutions in technology evaluation and
them break two or three times a year due to the stony
nature of the soil, and normally women farmers rely on
development. In India, where over 80 % of
men to repair them. In this tribal pocket, introduction of
women had reported having difficulties in
Tirupathur iron plough model has reduced the women’s
dehulling small millets, use of mechanized
dependency on men. Further the field capacity and weed
dehuller has reduced the time spent on this
removal efficiency of iron plough was better than the
activity by 50 to 70 %, freeing up the
wooden plough.
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.
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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.
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