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Food basket of sorghum, millet and legume products
to address malnutrition in Telangana, India
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Testing for acceptability of the Nutri-Food Basket of Smart Food products in Anganwadis (mother and child care centers).

T

o address the high prevalence of anemia and
malnutrition amongst the tribal population in the Indian
State of Telangana, an affordable ‘Nutri-Food Basket’ of
Smart Food (see sidebar) developed by ICRISAT, especially
for children and women, will be tested on field shortly. This
project was commissioned by the Telangana Government.
The overarching objective of this project is to sensitize and
provide the tribal population with affordable and available
nutritious food products to supplement their existing diet.
Improved dietary diversity and overall nutritional intake is
expected to benefit underweight children and improve the
hemoglobin levels of the presently anemic population.
The project is in its first phase and covers three mandals
(blocks) in three districts (see map). Product acceptability
studies for the Nutri-Food Basket were conducted and
baseline studies are underway to understand and
document the existing nutritional and health status of the
representative target population. Out of the 5,300 selected
respondents, 4,800 will receive food-based intervention,
while the rest will comprise the control group.

The Nutri-Food Basket of Smart Food
What’s in it?
▪▪ Ready-to-cook upma (sorghum semolina, pulses and
condiments) mix
▪▪ Ready-to-cook kichidi (sorghum and millet semolina,
pulses and condiments) mix
▪▪ Energy Dense Cookies (sorghum, millet and pulses)
▪▪ Energy and Nutri Dense Food (EDNF) - A spread
made from groundnuts, chickpeas and sorghum.
How was it developed?
These products were developed and validated by the
ICRISAT Nutriplus Knowledge (NPK) Program of AIP.
They were tested for acceptability among select
members of the target population at Anganwadis
(mother and childcare centers). Based on inputs
received from respondents of the acceptability studies,
the products were further refined.

Recently, 24 enumerators (50% were women) from the
target areas were trained in data collection using tablets.
They were taught techniques for building rapport with the
respondents, taking informed consent, collecting data on
socio-economic status and dietary diversity and asking
questions for data validation.
The enumerators were also trained in taking anthropometric
measurements using standard measurement instruments
and using the Pulse CO-Oximeter for recording hemoglobin
and oxygen levels (non-invasive method), pulse rate and
perfusion index. A two-day hands-on experience was also
part of the training program where all the 24 enumerators
were taken to a nearby village to pilot the use of tablets and
collect data using Census and Survey Processing System
(CSPro) software. Two field coordinators from ICRISAT were
appointed to continuously monitor and validate the data
collected by the trained enumerators. The data is
synchronized on village basis and regularly sent to ICRISAT
headquarters.
The training program from 15-24 May at Utnoor was
conducted by a six-member team from ICRISAT, comprising
of staff from the Agribusiness Innovation Platform (AIP)
and Markets, Institutions, Nutrition and Diversity (MIND) of
the Innovation Systems for the Drylands Program, ICRISAT.
Map not to scale

Telangana State, India

Utnoor, Adilabad district
Tiryani, Komaram Bheem-Asifabad district

Kasipet, Mancherial district

What is its purpose?
Data from the latest National Family Health Survey
(NFHS) - 4 shows that the tribal populations in the
target districts are highly anemic and survive on a basic
staple diet which lacks diversity, and hence is not
nutritionally balanced. The Nutri-Food Basket aims to
provide additional energy, protein, fat and
micronutrients to the target population through
consumption of food products formulated using
locally-available ingredients. The products will be
hygienically produced and packed and will be provided
in ready-to-eat and ready-to-cook forms to be
consumed by children (6 months to 5 years), adolescent
girls, and pregnant and lactating mothers. The food
basket is designed to diversify and supplement the
existing diets of the target population.
Who will produce it?
The products will be produced by incubatees of ICRISAT
AIP at facilities licensed by the Food Safety and
Standards Authority of India (FSSAI), and supplied to
the target population in pilot study areas for a period of
nine months.
Are evaluation measures in place?
An endline survey, with reference to the baseline survey,
will be undertaken at the conclusion of this intervention
to assess the impact of the Nutri-Food Basket.
Is the initiative scaleable?
This ongoing study is expected to lead to an evidencebased scale-up of the proposed model of Nutri-Food
Basket in the entire state of Telangana, and in other
regions of South Asia and Sub-Saharan Africa.

Photo used for illustrative purpose. File photo of products
developed by ICRISAT.
Project: Improving dietary diversity through introduction of
nutri-food basket in tribal households of Adilabad, Mancherial,
Komaram Bheem-Asifabad Districts of Telangana Transitioning tribal households from nutrient deficient diets to
diverse nutritional foods
Funder: Department of Health & Family Welfare of the
Government of Telangana [Under the National Health Mission
(NHM)-Tribal Health]
Partner: ICRISAT
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Training of enumerators on data collection using a tablet.
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This work contributes to
UN Sustainable Goal

In the Media

To fight desertification we need to drive
diversity on farms and plates

Photo: Alina Paul-Bossuet, ICRISAT

Samuel Nduvi in Kikumini, Kenya has been growing drought tolerant sorghum intercropped with protein-rich
legumes like pigeonpea and cowpea over the last three years.

F

armland in Kenya’s north has deteriorated because of
loss of soil nutrients and agro-biodiversity, putting
livelihoods of 12 million people at risk
On this year’s international day to combat desertification,
the United Nations urged for more investment in making
land more productive to give “a future for farmers to stay
resilient on their home ground”.
A few years ago, a study showed that preserving soil
quality may significantly reduce migration in rural Kenya.
However, as Kenya tackles yet another drought this year,
triggering the collapse of maize national reserves and food
inflation, things seem to be going the other way.
Farmland, especially in Kenya’s northern semi-arid regions,
has deteriorated because of soil erosion, and the loss of
soil nutrients and agro-biodiversity, putting the livelihoods
of more than 12 million people at risk for years to come.
For 35 years, Henrietta Moore, director of University
College London’s Institute for Global Prosperity, has been
closely studying the links between the agro environmental
changes and the well-being of rural communities in Kenya.
She has seen how the rapid spread of maize has affected
the nutrition and resilience of farmers.

“When we talk about the drought, the big story in Kenya is
that maize mono-cropping, encouraged by local policies
and markets, has accelerated desertification, which has
and will have a long-term impact on soil productivity,” she
told me.
Moore explains that Marakwet, in the former Rift Valley
province, was traditionally a sorghum and millet growing
region, cereals that are more adapted to erratic rainfalls.
These communities have a history of sustainable farming
practices like intercropping, but they have been under
increasing pressure to focus more on cash crops in recent
decades. “Some farmers here have proved very resilient
and continued to grow millets as it has ritual importance,
making ugali (a type of porridge) during family gatherings
for instance,” Moore said.

A call for more diverse and climate smart farms
The impact of repeatedly cultivating just maize weakens
soil health. It tends to decrease soil’s ability to retain water
and overall soil fertility due to continuous nutrient loss
which is not redressed by appropriate fertilisation
methods.
Research by the International Crops Research Institute for
the Semi-Arid Tropics (ICRISAT) in Niger has shown that
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growing legumes prior to pearl millet
significantly boosts millet yields and
improves soil health (legumes fix
nitrogen in soils and legume residues
enrich soil in organic matter).
Similarly, in Burkina Faso, agronomists
have demonstrated that combining
affordable soil fertility practices like
microdosing, intercropping millet and
cowpea and the use of improved seed
varieties can reap rewards and lower
climate risks for farmers. However,
scientists warn that farmers will only
accept such climate smart practices if
these match their preferences, in
particular the market value of the crops.
Driving more diversity on farms,
especially growing more locally
Photo: Alina Paul-Bossuet, ICRISAT
adapted, drought-tolerant crops like
County health officer Francisca trains community health workers on cooking with smart
sorghum, millet and pigeonpea does
foods to diversify diets in Makueni, Kenya. Today's menu is sorghum and cowpea pilau,
make a lot of sense for a sustainable
pigeonpea stew, green gram chapattis and finger millet porridge.
future for farming in the weatherdependent Kenyan drylands. These crops also have much
The smart food campaign coordinated by ICRISAT is
needed nutritional qualities such as calcium-rich finger
popularising smart foods like millets and pigeonpea, to
millet which contain methionine, a crucial amino acid
promote under-utilised crops that are “good for you, good
lacking in most African diets. But farmers will only grow
for the planet and good for the farmer”.
more of these crops if they know there is a demand for
To bring back foods that are nutritious and sustainable, we
them, from the markets but also within their households.
need not only to boost their production but also increase
demand for them among consumers. Processed products
Smart foods for more sustainable farming
that may help boost their popularity include gluten-free
Despite their agronomic and nutrition benefits, traditional
millet drinks, high calcium millet crackers and puffs,
crops like sorghum and millet have been sidelined for
sorghum flakes or salads - alongside the traditional
decades. Their demand and image suffered at the expense
porridge, grains and flour mixes.
of the demand in Kenya for more globalised diets. There
are fewer incentives for research on these climate smart
We also need these foods to be affordable to scale up
crops, and farmers tend to invest less in them, cultivate
sustainable diets. Partnerships are vital to tackle nutrition
them on more marginal plots which reinforce the
inequalities in the food system as highlighted by Lawrence
particularly low yields.
Haddad, executive director of Global Alliance for Improved
This may change in the near future. Kenya’s county
agriculture and health departments are working with
farmers and community health workers in six regions
through dynamic participatory cookery programmes.
Their aim is to help rediscover the benefits of millet,
sorghum, cowpea and pigeonpea by sharing modern,
healthy, time-saving recipes alongside sanitation and
nutrition education. More than 40,000 families have
already been reached and the impact of a varied diet on
nutrition is being monitored.
Meanwhile almost 1 million urban people have been avidly
watching the reality Smart Food TV show, where
contestants create inspiring recipes using traditional foods,
which has generated a fervour for diversifying diets.
John Ingram, the University of Oxford’s food systems
programme leader, has been calling for more sustainable
food systems, where governments, the food industry,
NGOs, researchers and civil society work on managing food
demand.
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Nutrition, at the EAT Stockholm Food Forum last week.

These partnerships could start locally. University College
London’s Henrietta Moore says she believes the drive for
smart food will take off in Kenya as part of the country’s
climate mitigation strategy.
We need to invest more in indigenous knowledge-sharing
approaches to scale up diversity on farm plots and plates.
(This article by Alina Paul-Bossuet, Head - Communications
and Partnerships, ICRISAT, first appeared in the Thomson
Reuters Foundation website on 20 June.)
This work contributes to UN Sustainable Development Goals

Meetings & Workshops

Argentine delegation explores avenues for collaboration with ICRISAT

Photo: ICRISAT

To discuss possible collaboration and issues related to exchange of germplasm material, a delegation
from the National Institute of Agricultural Technology (INTA), Argentina, visited the ICRISAT office
in New Delhi on 16 June. (Clockwise L to R) Ms Maria Noelia Arizaga, Chief of Commercial Section,
Embassy of Argentina in India; Dr Adolfo Cerioni, National Coordinator of Technology Transfer, INTA;
ICRISAT staff –Dr Surya Mani Tripathi, Manager - Technology Transfer and Compliance, Agribusiness &
Innovation Platform, Innovation systems for the Drylands Program; Mr Arun Pal, Lead Liaison Officer;
Dr Manish Pandey, Scientist, Groundnut Genomics, Genetic Gains Program; Dr Arabinda Kumar Padhee,
Director, Country Relations and Business Affairs-New Delhi; Dr Amadeo Nicora, President, INTA; and Mr
Manuel García Sola from Litoral Biológicos SRL, an Argentine Biotechnology firm.

This work contributes to
UN Sustainable
Development Goal

Hackathon on plant breeding APIs

Photo: C. Sarma, ICRISAT

Dr Rathore at the plant breeding API hackathon organized by the Bill & Melinda Gates Foundation.

A hackathon was organized by the Bill & Melinda Gates
Foundation on plant Breeding Application Programming
Interface (BrAPI). The Breeding API specifies a standard
interface for plant phenotype/genotype databases to serve
their data to various crop breeding applications. BrAPIs are
shared and open APIs are used by all data providers and
data consumers.

The hackathon was organized to discuss and implement
various use cases which included:
▪▪ Working on the BrAPI validation test suite;
▪▪ Interfacing with handheld devices;
▪▪ Working with genebanks;
ICRISAT Happenings June 2017 1742
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▪▪ Linking breeding system to genomic data management
systems;
▪▪ Integration of FlapJack (a multi-platform application
providing interactive visualizations of high-throughput
genotype data);
▪▪ Analytical pipelines including Galaxy (a software system
that enables researchers without informatics expertise to
perform computational analyses through the web);
▪▪ Discussions on models to wire up Galaxy to use BrAPI;
▪▪ Discussions on exchange between systems such as
breeding system and data warehouse;
▪▪ Discussion on defining a sample and enabling its proper
tracking and information exchange between various data
management systems. A general opinion on treating
a sample as an observational unit was formed and
modification of APIs was proposed;
▪▪ Extension and modification of Minimum Information
About a Plant Phenotyping Experiment (MIAPPE) was

discussed. Existing APIs were reviewed and modified to
make BrAPI able to pass MIAPPE datasets;
▪▪ Future need of APIs for being HATEOS or JSON-LD
compliant was also discussed and emphasis was given
to adaptation of Findable, Accessible, Interoperable,
Reusable (FAIR) principles (https://www.nature.com/
articles/sdata201618).
Module 5 of Excellence in Breeding Initiative (EiB) team has
volunteered to try to secure funding for the above BrAPI,
including putting in place a coordinator or developer to
take BrAPI development forward.
ICRISAT staff Dr Abhishek Rathore, Theme Leader, Statistics,
Bioinformatics & Data Management and Mr Chaitanya
Sarma, Scientific Officer, participated in the hackathon at
Seattle from 12-16 June.
This work contributes to UN
Sustainable Development Goals

Innovation Platform meeting for common bean
To draw up plans for the upcoming cropping
season, a stakeholder and innovations
platform meeting for common bean was held
recently in Ethiopia at Melkassa Agri
Research Center, as part of the activities of
the Tropical Legumes III (TL III) project led by
ICRISAT.
In the inaugural session, Dr Berhanu Amsalu
Fenta from Ethiopian Institute of Agricultural
Research (EIAR) and leader of the TL III
Photo: ICRISAT
project, briefed the participants on the
objectives and expected output of the
meeting. Dr Asnake Fikre, Regional Chickpea Dr Berhanu briefing the participants on the objectives and expectations of the meeting.
Breeder and Seed System Specialist, ICRISATEthiopia, emphasized on improving the
Project name: Tropical Legumes III
decentralized seed system, competitive product delivery to
Investors: Bill & Melinda Gates Foundation
the global market; institutional linkages and the need for
Partners:
development of a variety descriptor so that product
Research organizations: Haromaya University; Agricultural
identification is not complicated. Demonstrations of
Research Centers in Sirinka, Adet, Bako, Jimma, Areka and
mechanization implements and exhibits of processed and
Hawassa; directorates of mechanization, crop protection,
canned bean products and super varieties were also
and food science; International Center for Tropical
displayed at the venue.
Agriculture (CIAT); and ICRISAT
NGOs: Catholic Relief Services (CRS), SNV Netherlands
Around 100 participants representing multi-sectoral
Development Organization and Self Help Africa
streams attended the meeting held on 5-7 June. The
Unions: Lume Adama, Meki Batu, Ambericho, Utawayu and
platform participants included researchers, farmers and
Ras Gaint
members of seed unions, Ethiopian Agricultural
Seed producers groups: Five groups, Ethiopian Agricultural
Transformation Agency, Ethiopian Commodity Exchange,
Transformation Agency and Ethiopian Commodity Exchange
NGOs, private seed and bio-fertilizer companies, crop
Exporters: Two companies; Oromia Crop Insurance
insurance companies, and seed quality laboratories.
Company; Federal, zonal, and Woreda agricultural bureaus
One Cooperative agency
Two agro dealers
This work contributes to UN
Sustainable Development Goal
Two parastatal seed enterprises
Two seed quality labs
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New Projects
Delivering more produce and income to farmers through
enhancing genetic gains for chickpea and pigeonpea
Duration: 2017-18 – 2019-20
Funder: Department of Agriculture Cooperation & Farmers
Welfare, Ministry of Agriculture & Farmers Welfare,
Government of India
Principal Investigator: Dr Rajeev K Varshney, Research
Program Director - Genetic Gains, ICRISAT

Development of pearl millet hybrid seeds and novel food
products: An affordable resource in the prevention of
Type 2 diabetes
Duration: 1 March 2017 - 28 February 2019
Funder: Global Innovation & Technology Alliance (GITA),
India
Principal Investigator: Dr Rakesh Srivastava, Principal
Scientist - Molecular Breeding

New Publications
Genome-Wide Identification, Characterization, and
Expression Analysis of Small RNA Biogenesis Purveyors
Reveal Their Role in Regulation of Biotic Stress Responses
in Three Legume Crops
Authors: Garg V, Agarwal G, Pazhamala LT, Nayak SN,
Kudapa H, Khan AW, Doddamani D, Sharma M, Kavi Kishor
PB and Varshney RK
Published: 2017. Frontiers in Plant Science, 8 (488): 1-16.
ISSN 1664-462X
Abstract: Biotic stress in legume crops is one of the major
threats to crop yield and productivity. Being sessile
organisms, plants have evolved a myriad of mechanisms to
combat different stresses imposed on them. One such
mechanism, deciphered in the last decade, is small RNA
(sRNA) mediated defense in plants. This study is, therefore,
focused on identification and characterization of sRNA
biogenesis proteins in three important legume crops,
namely chickpea, pigeonpea, and groundnut. Phylogenetic
analysis of these proteins between legume species
classified them into distinct clades and suggests the
evolutionary conservation of these genes across the
members of Papillionidoids subfamily. Variable expression
of sRNA biogenesis genes in response to the biotic stresses
among the three legumes indicate the possible existence
of specialized regulatory mechanisms in different legumes.
This is the first study to understand the role of sRNA
biogenesis genes in response to pathogen attacks in the
studied legumes.
http://oar.icrisat.org/10009/
Exploring Niches for Short-Season Grain Legumes in
Semi-Arid Eastern Kenya — Coping with the Impacts of
Climate Variability
Authors: Sennhenn A, Njarui DMG, Maass BL and
Whitbread AM
Published: 2017. Frontiers in Plant Science, 8 (699): 1-17.
ISSN 1664-462X
Abstract: Climate variability is the major risk to agricultural
production in semi-arid agroecosystems and the key

challenge to sustain farm livelihoods for the 500 million
people who inhabit these areas worldwide. Short-season
grain legumes have great potential to address this
challenge and help to design more resilient and productive
farming systems. However, grain legumes display a great
diversity and differ widely in growth, development, and
resource use efficiency. Three contrasting short season
grain legumes-common bean (Phaseolus vulgaris L.),
cowpea [Vigna unguiculata (L.) Walp.] and lablab [Lablab
purpureus (L.) Sweet]- were selected to assess their
agricultural potential with respect to climate variability and
change along the Machakos-Makueni transect in semi-arid
Eastern Kenya. This was undertaken using measured data
[a water response trial conducted during 2012/13 and
2013/14 in Machakos, Kenya] and simulated data using the
Agricultural Production System sIMulator (APSIM).
http://oar.icrisat.org/10010/
Sequestering soil carbon in the low input farming systems
of the semi-arid tropics – does litter quality matter?
Authors: Whitbread AM, Lefroy R, Blair G, Konboon Y and
Naklang K
Published: 2017. In: Global Symposium on Soil Organic
Carbon, 21-23 March 2017, Rome, Italy
Abstract: Maintaining soil organic matter (SOM) in lowinput smallholder rice cropping systems worldwide is of
paramount importance to maintaining livelihoods and food
security. A long-term rainfed lowland rice experiment
tested the hypothesis that applying small (1.5 t/ha dry
matter) annual additions of slowly decomposable plant
materials which were grown offsite and applied prior to
land preparation, could result in increased soil organic
carbon, crop yield and improve the recovery of nutrients
compared with plant materials of higher quality or straw
retention alone. The results of this study are highly
significant and provide evidence that low rate, long-term
residue management can have profound effects.
http://oar.icrisat.org/10012/
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A farming system framework for investment planning and
priority setting in Ethiopia
Authors: Amede T, Auricht C, Boffa JM, Dixon J,
Mallawaarachchi T, Rukuni M and Teklewold-Deneke T
Published: 2017. Technical Report. Australian Centre for
International Agricultural Research (ACIAR), Canberra,
Australia.
Abstract: This study highlights the diversity of farming
systems in Ethiopia and their significance as a basis for
planning agriculture-led development interventions in
diverse landscapes. This report has been developed as an
output of the ACIAR Small Research Activity (SRA) ‘Farming
systems approach to supporting national CAADP
(Comprehensive Africa Agriculture Development
Programme) investment planning for sustainable
intensification and climate-smart agriculture in Africa’.
http://oar.icrisat.org/10013/
Communal irrigation systems in South-Eastern Africa:
findings on productivity and profitability
Authors: Pittock J, Bjornlund H, Stirzaker R and Van
Rooyen AF
Published: 2017. International Journal of Water Resources
Development, 33 (5): 839-847. ISSN 0790-0627
Abstract: Significant expansion of irrigated agriculture is
planned in Africa, though existing smallholder schemes
perform poorly. Research at six schemes in Mozambique,
Tanzania and Zimbabwe shows that a range of problems
are exacerbated by poor management, with limited market
linkages leading to underutilization and a lack of profit.
Improving sustainability of these complex systems will
require: multiple interventions at different scales; investing
in people and institutions as much as in hardware; clarity in
governments’ objectives for their smallholder irrigation
schemes; appropriate business models to enable farmers;
and better market linkages.
http://oar.icrisat.org/10014/
Irrigating Africa: policy barriers and opportunities for
enhanced productivity of smallholder farmers
Authors: Mwamakamba SN, Sibanda LM, Pittock J,
Stirzaker R, Bjornlund H, Van Rooyen AF, Munguambe P,
Mdemu MV and Kashaigili JJ
Published: 2017. International Journal of Water Resources
Development, 33 (5): 824-838. ISSN 0790-0627
Abstract: African governments have ambitious plans to
expand irrigated agriculture, though existing smallholder
schemes have largely failed to use land and water
sustainably or become profitable. Six government-owned
irrigation schemes in Mozambique, Tanzania and
Zimbabwe were assessed to identify common policy
barriers and opportunities for higher productivity among
smallholder farmers. Issues like insecure land tenure
systems, unclear institutional arrangements and poor
access to markets have contributed to limited profitability.
Reform of currently insecure land tenure, strengthening
farmer organizations and reforming policies are
recommended so that governments step back from
8
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scheme management and foster market linkages to enable
more profitable irrigated agriculture.
http://oar.icrisat.org/10015/
Theory and application of Agricultural Innovation
Platforms for improved irrigation scheme management in
Southern Africa
Authors: Van Rooyen AF, Ramshaw P, Moyo M, Stirzaker R
and Bjornlund H
Published: 2017. International Journal of Water Resources
Development, 33 (5): 804-823. ISSN 0790-0627
Abstract: Many small-scale irrigation systems are
characterized by low yields and deteriorating
infrastructure. Interventions often erroneously focus on
increasing yields and rehabilitating infrastructure. Smallscale irrigation systems have many of the characteristics of
complex socio-ecological systems, with many different
actors and numerous interconnected subsystems.
However, the limited interaction between the different
subsystems and their agents prevents learning and the
emergence of more beneficial outcomes. This article
reports on using Agricultural Innovation Platforms to create
an environment in which irrigation scheme actors can
engage, experiment, learn and build adaptive capacity to
increase market-related offtake and move out of poverty.
http://oar.icrisat.org/10016/
Potentials of Bamboo-Based Agroforestry for Sustainable
Development in Sub-Saharan Africa: A Review
Authors: Partey ST, Sarfo DA, Frith O, Kwaku M and
Thevathasan NV
Published: 2017. Agricultural Research, 6 (1): 22-32. ISSN
2249-720X
Abstract: The current state of knowledge and adoption of
agroforestry in SSA offers very little guidance on which
type of agroforestry system bamboo could be integrated
into. Here, we reviewed the potential socioeconomic and
environmental benefits of bamboo agroforestry and
accentuated implications on sustainable rural development
in SSA. In addition, we analyzed potential research areas
that could be intensified, so that future developments and
scaling-up of bamboo agroforestry can be rooted in robust
scientific findings rather than the intuitions of governments
and development actors.
http://oar.icrisat.org/10005/
Genetic divergence in mung bean
Authors: Sen M and De DK
Published: 2017. Legume Research - An International
Journal, 40 (1): 16-21. ISSN 0250-5371
Abstract: The present study was undertaken to provide
information on the nature and magnitude of genetic
diversity among 30 mung bean genotypes for yield traits by
using Mahalanobis’s D2 statistics. From the divergence
analysis, it may be concluded that the genotypes belonging
to different clusters separated by high estimated statistical
distance may be used in the hybridization program for
developing high-yielding mung bean varieties. Five

genotypes viz., PDM-11, TARM-2, TM-98-50, PDM 54 and
Basanti could be identified as most useful in the future
breeding program.
http://oar.icrisat.org/10008/
Water and Scriptures: Ancient Roots for Sustainable
Development
Authors: Raju KV and Manasi S
Published: 2017. Water and Scriptures: Ancient Roots for
Sustainable Development, Springer. ISBN 978-3-319-50562-6
Abstract: This collection of papers aims to draw lessons
and apply indigenous knowledge, wisdom and cultural
traditions to suit policy contexts describing the (a) role of
individuals (b) communities, and (c) the state to effectively
manage water resources. Readers will discover ways in

which water was conceptualized, conserved and managed.
Contributions will also shed light on the historical,
functional and futuristic perspectives of water resources
management, and readers will be able to draw lessons and
evolve policy guidelines. There are some studies related to
scriptures across religions and their perceptions regarding
ecological conservation. However, religious studies and
their socio-economic and environmental relevance to
society, more specifically to the current policy contexts, are
limited. This book attempts to bridge this gap, in terms of
learning lessons from the past to effectively address the
challenges of the present and future. The book will be
useful for historians and research scholars studying the
place of water in different cultures, water pricing and
water sharing; as well as ecologists and environmental
scientists.
http://oar.icrisat.org/10055/
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About ICRISAT: www.icrisat.org
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