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Neglected & underutilized crops (NUS): importance,
challenges and potential.




Great Challenges of Agriculture

A Growing world population
will causea & & S N3toni:
of food, energy and water
shortagedy 2050

A Demandfor food and energy
will jump 70% and 100% and
for fresh water by 30% as
the populationtops 9 billion

A In the past, only ~12 crops

;_ .ﬂ receivedthe major attention

— of scientificinterventions

The Big Challengéiowto expand agriculture output without further
constraining natural resources?



Hungry & undernourished people remains a
alobal concern
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Underutilized Crops: What are they?

A Underutilized speciess commonly applied to refer to
species whose potential has not been fully realized. The
term itself does not provide any information as to
geographical (underutilized where?), social (underutilized by
whom?) and economic (underutilized to what degree?)
Implications*.

A Regardinghe socio economic implication of the term, many
species represent an important component of the daily diet
of millions of peoplegn different parts of the world but
their poor marketing conditions make th

underutilized ineconomic term<.

* Padulosiet.al. 2006



NUS Definitions

A Underutilized cropsiwere once grown more widely or intensively but are
falling into disuse for a variety of agronomic, genetic, economic and cultural
reasons. Farmers and consumers are using these crops less because they ar
some way not competitive with other species in the same agricultural
environment. The decline of these crops may erode the genetic base and
prevent distinctive and valuable traits being used in crop adaptation and
AYLINROSYSY

A b.S3E.S O Sue thas&dgdwi primarily in
their centresof origin or centresof diversity by
traditional farmers, where they are still
important for the subsistence of local
communities.-Some;species-may be globally
distributed, but tend:to.occupy special niches|
the local ecology and in productionand
consumption.systems. While these crops
continue to be maintained by socioultural |[pomoeaaquatica
preferences and use practices, they remain By Eric in SFOwn work, GFDL,

inadequately characterized and.neglected by
NB &Sk NDK y:R O2yvasSNDI G APEY¢ ¢



https://en.wikipedia.org/wiki/Ipomoea_aquatica

Features Underutilizedrops

It is difficult to precisely define which attributes make a crop
"underutilized", but often they display the following features

- Linkage with the cultural heritage of their places ofigin;

- Local and traditional cropsultivated with indigenous knowledge
whosedistribution, biology, cultivation and uses are poorly
documented,;

- Adaptation to specific agraecological niches and marginal land;
- Weak or no formal seed supply systems;

- Locally important with traditionaluses in localized areas;

- Produced in traditional production systems with little or no
external inputs;

- Receive little attentionfrom national research, extension services,
policy and decision makers, donors, technology providers and
consumers;

- Scarcely represented in ex sitollection;

- A good number are highlputritious and/or have medicinal
properties or other multiple uses



Importance of Underutilized Crops

ATheyplay an important role in the subsistence and
economy ofresourcepoor people throughout the
developing world, particularly in the agrobiodiversityich
tropics. Despite their potential for dietary diversification
and the provision of micronutrients such as vitamins and
minerals, they continue to attract little research and
development attention

AAlongsidetheir commercial
potential, many of the underused
crops also provide important
environmental services, as they
are adapted to marginal soil and
climate conditions.

Bambara Groundnut

Source: Wikipediathe free encyclopedia



Gobal Interest iIn NUS

A If the 20th Century witnessed the undertaking of systematic
collecting to rescue the genetic resources of staple crops
(Pistorius, 1997), the 21st Century has started with the awareness
on the need to rescue and improve the use of those crops left
aside by research, technology, marketing systems as well as
conservation efforts. These underutilized crops (referred to also
by other terms such as minor, orphan, neglected, underutilized,
underexploited, underdeveloped, lost, new, novel, promising,
alternative, local, traditional, niche crops) have been included in
world-wide plans of action after having successfully raised the
Interest of decision makers.

ACKAa 3IFft2o0Flf G2LISYAy3IE G261 NRa
of a gradual change of attitude towards biodiversity and plant
genetic resources by many countries. Instrumental in this
awareness raising process have been the 1992 Convention on
Biological Diversity and the FAO |V International Technical
Conference on Plant Genetic Resources for Food and Agriculture
held in Germany in 1996



Constraints in Underutilized Crops

A limited germplasm available particularly at national level;

A lackof technical information:

A lackof national policy for supporting research and development
for improving production;

A lackof interest by researchers, agriculturists and extension
workers;

A lackof producer interest.

A Lackof interest of the privatesector

Neglected crops are primarily grown by traditional farmers. These
species may be widely distributed beyond thasentresof origin but
tend to occupy special niches in the local production and
consumption systems

Theyare important for the subsistence of local communities, yet
remain poorly documented and neglected by the mainstream
research and developmerdctivities (IPGRI 2002



https://en.wikipedia.org/wiki/Centre_of_origin
https://en.wikipedia.org/wiki/Research_and_development

NUS Crops based on Wikipedia Encyclopedia

It should be noted that in any cases where exotic species or
diversified species are underutilized at certain region, these
are not necessarily underutilized in other parts of the

worlds:
ACerealand pseudocerealcrops (13 species)
AFruits and nuts species (33 species)
AVegetable and pulse crops (33 species)
ARoot and tuber crops (17 species) .

Alndustrial underutilized crops (34 -“es)
AQil crops(16 species)
ALatex/rubber/gums (2 species)
AFiber cropgone species)
AStarch/sugarcrops (2Species)
ADyecrops (3specie3




Securingand strengthening the work on underutilized crop

Developing and monitoring thevork:

AEfforts so far have been directed to raise the
awareness orthe nutritional importance and other
gualities towork on underutilized species and to
start redressing their status of neglect

Alt has to be recognized that some efforts on
underutilized crops (e.g. kiwguinoa which were
one ofthe NUS before they becamenportant
commodities commercially)

AThereare some of the issues that we should
consider to develop a monitoring system for
assessing the impact of our promotigorocess of
NUS:



A. Conservatioraspects

1. Howmany accessions should be conserved (in situ and
ex situ) to safeguard of the representative genetic
diversity of these species and to provide at the same
time the variability needed by breeders and users in
general?

2. Giventhe new opportunities brought about by the gene
transfer, how broad should be our efforts in the
conservation of the gene pool of thepeciesShould we
Include the tertiary gene pool in our collecting efforts?

3. What should be the minimum level of knowledge on the
eco-geographicabistribution of the taxa and its genetic
erosion status?

4. Howmuch localtraditional knowledgeshould be
safeguarded?



Utilization aspects

1. Whatwould be the level at which we would
consider the economy of the specialf-
sustainable?

2. Whatis the research threshold, that is the
minimum amount of research addressing the
economic development of the crop, beyond

3.

4
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nat would be the minimum information

needed on nutritional aspects, processing
asfects required for successful industrial applications?



Agronomic aspects

1. What should be the minimum
know-how required for enablinga ¥
proper cultivation of the species? o

2. What should be the basic
iInformation required for
understanding the multiplication
method and regeneration capacit
of the species?

3. What should be the minimum
level of information on pests,
diseases, parasitic weedmd
other cultivation-related
problems?

Ullucotubersfor sale
in Southern Peru

By Eric Hunt Own work, CC B®A 3.0,



PolicyLegal aspects

1. Whatshould be a basic policy
framework to enable the proper
deployment of the species among the |
farmers? .

2. Whatshould be the minimum level
policy attention required to ensure a
sustainable use of these resources
(particularly for wild speciey?

3. What is the role of the public sector >
and enabling policy environment?

4. What Is the role of the civil societiesi & s |
Amaranthuscaudatus

5. What is the role of the private sector.
By Tubifex- Own work, CC B®A 3.0,



Opportunities and Potential

There Is an increasing attention at national and international
level of the important role of NUS in sustainable farming systems
for human wellbeing of lessused crops and species. Such
attention over the last decadéiavecontributed to change the
perception of people regarding the importance dfUSspecies

and raised the issue on how best to purstigeir promotion.

Among the important reasons for these developments include
their contribution to:

AAgrobiodiversityin agriculturaldevelopment and newtools for
using and conservingiodiversity;

A Copingwith environmentaland climate changeand
contributing to ecosystem stability;

Alncreased foodsecurity andbetter nutrition.
Alncreased attention to indigenouknowledge and their merits.

Alncreased income of the rural poor due to increased market
opportunities including ecetourism,



Potential and Opportunitiesd O2 y U QR

A Enrich eiltural diversity which also brings more income
to the rural poor through ecetourism
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Village chief oBoula
Téene [Senegal]
TheodoreMadaKeita,
holds up thefonio
grain [Whitefonio
(Digitaria exilis)] that
helps feed his family
In Southern Senegal

By Richard Nyberg, USAID



Research Issues for Improvement of NUS

Neglected and underutilized crops are essential to the livelihoods
of millions of poor farmers throughout the worldit is essential to
approach the problem from thigperspective:

ADevelop priority-setting approaches and help stakeholders to
establish priorities for research, development and conservation

actions onNUS.

AEnhance the conservation and use of plant genetic resources of
neglected and underutilized species through complementary
approaches tahe use genetiaesources fronpromoting food,
feed and fiber production foconsumption.

AStrengthenthe efforts of other actors working on the
documentation, evaluation, improvement, processing and
marketing of neglected and underutilized species.
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Crop Improvement of NUS: Traits in Focus

Higher yield potential;

Adaptation to low-input agriculture
Heat and drought tolerance;
Tolerance to salinity;

Resistances to diseases;
Resistance/tolerance to insect pe
Resistance/tolerance to parasitic
weeds;
Enhancindoiologicalnitrogen
fixation in case of legumespp;

Extra shortduration:
Water use efficiency

Improved plantarchitecture &
: : Gene New
machine harvesting Discovery Variety

Herbicidetolerance

Segregating
Populations

Genotype

Phenotype




Examples on the Evolution of Specific NUS
that became Important Commercial Crops:
Quinoa, Lentil andsrasspea




Quinoa: A Fast Growing Crop Coming Out of NUC
that Became an Important Commercial Crop




Quinoa(ChenopodiumquinoaWilld.):
Importance & Evolution as Example of Underutilized Cro

s

Landscape with quioaC(henopoiuuinoa), Chilay@clarification
needed], Bolivia, Province La Paz, Lake Titicaca seeadkground and
qguinoa seeds in commercial badl2for US$ 6.



Nutritional Value of Quinoa

AFirst, it takes less time to cook than other whole grains and ever
cooks quicker than rice: Quinoa take@sst 10 to 15 minutes to
cooKk.

ASecondpoiled quinoatastes great on its own, unlike other
grains such amillet or teff.

AFinally, of all the whole grains, quinoa has the highest protein
content (14%) compared to cereal grairs) it's perfect for
vegetarians and vegans. Quinoa provides all 9 essential amino
acids, making it @aompleteprotein. Quinoa is a gluterree and
cholesterolree wholegrain andis almost always organic

AQuinoa seeds are good sources of vitamin B complex, vitamin E
and essential fatty acids (linoleic and alpHimolenic acid) . Also
guinoa is an excellent source of iron, copper, calcium,
potassium, manganese, magnesium and fiber.



http://vegetarian.about.com/od/glossary/qt/Millet.htm
http://vegetarian.about.com/od/glossary/qt/What-Is-Teff.htm

Quinoa Nutritional Value

Nutritional value per 10

1,539kJ (36&cal)

Energy
Carbohydrates 64.2 9
Dietary fibre 709
Fat 6.19
Monounsaturated 1.6 g
Polyunsaturated 3.3 g
Protein 1419
Vitamins
0,
Vitamin A equiv. (0%)
M g>
- (31%)
Thiamine (B1) 0.36 mg
: : (27%)
Riboflavin (B2) 0.32 mg
o (10%)
Niacin (B3) 1.52 mg

Source: Wikipediathe freeencyclopedia

Vitamin B6
Folate (B9)
Choline
Vitamin C

Vitamin E

Minerals

Calcium

Iron

Magnesium
Manganese

Phosphorus

Potassium

3.507

(38%)

0.49 mg

(46%)
MYy g
(14%)
70 mg
(0%)

0 mg

(16%)
2.4 mg

(5%)
47 mg
(35%)
4.6 mg
(55%)
197 mg
(95%)
2.0 mg
(65%)
457 mg
563 mg

Sodium

Zinc

(0%)
5 mg
(33%)
3.1 mg


https://en.wikipedia.org/wiki/Food_energy
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https://en.wikipedia.org/wiki/Vitamin_B6
https://en.wikipedia.org/wiki/Folic_acid
https://en.wikipedia.org/wiki/Choline
https://en.wikipedia.org/wiki/Vitamin_C
https://en.wikipedia.org/wiki/Vitamin_E
https://en.wikipedia.org/wiki/Dietary_element
https://en.wikipedia.org/wiki/Calcium#Nutrition
https://en.wikipedia.org/wiki/Iron#Biological_role
https://en.wikipedia.org/wiki/Magnesium_in_biology
https://en.wikipedia.org/wiki/Manganese#Biological_role
https://en.wikipedia.org/wiki/Phosphorus#Biological_role
https://en.wikipedia.org/wiki/Sodium#Biological_role
https://en.wikipedia.org/wiki/Zinc#Biological_role

Origin of Quinoa and Marketing

A Quinoa may have been originated in South America, but now quinoa i
being grown in North America and Europe as well. CurrentlyBolivia
IS the largest producer of the quinoa followed by Peru. These countries
are exporting more than 50% of their produce, however increased
International demand has increased the domestic prices of the crop.
About 84.2% of global exports originate from Bolivia, Ecuador and
Peru, and the remaining from the United States of America, and from

the European Union*.

A The UnitedNationshas
declared yea2013 as @
GLYGSNYFGA2Y T | g;{inﬂF"vdszzl-
The grain is very similar to rice .
and can be cooked and used in

the same way. *

* Source Quinoa: Improvement and Sustainable Production
Editors: Kevin Murphy, Janéflatanguihan 2015



World Quinoa Production
(thousand metric tons)

Evolution of Production and value of Quinoa

Country 1961 | 1970 |1980 |1990 |2000 |2010 2014
Pery 225 |73 |163 | 63 [282 |41.1 [114.3
Bolivia 9.2 |97 89 |161 |238 |36.1 77.4
Ecuador 0.7 0.5 0.7 0.7 0.9 0.8
Total 324 |17.7 |258 |230 |52.6 |781 |1925
Eé‘gﬁgrice $0.080 | $0.492 | $0.854 |$1.254 |$3.029

Source:Food and Agriculture Organization of the United NatiofiSAO)



https://en.wikipedia.org/wiki/Peru
https://en.wikipedia.org/wiki/Bolivia
https://en.wikipedia.org/wiki/Ecuador
https://en.wikipedia.org/wiki/Food_and_Agriculture_Organization_of_the_United_Nations

Quinoa Improvement

A & ¢ ®nSin aim of quinoa breeders is the development of cultivars
adapted to diverseagro-climaticregions with high seed yield and good
guality components for food andndustrial use. Within the quinoa
germplasm, significant differences have been found in some gualitative
traits that can be used in breeding to improve the nutritional quality of
guinoa.

ASeverabreeding methods have been used with quinoa, such as
Individual selection and/or masselection,introduction of foreign
germplasm, hybridization, backcrossing, and induction of mutation.
Modern techniques that permit the use of markers linked to quantitative
trait loci (QTL) in quinoa could be exploited for future cultivar
Improvement.

A Quinoa is an underutilized crop that could be a valuable alternative cro
to help the world face critical challenges such as climatic change, food
security, human nutrition, and overdependence on a few plant species
for the world fooda dzLJLJ € €

Source Quinoa: Improvement and Sustainabkroduction
Editors Kevin Murphy, JaneMatanguihan 2015.



Lentil: An Important Crop for Food and Nutritional
Security, and Sustainable Agriculture




Lentils from a minor crop to an important pulse crop
Global Trends in Lentil Production
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But most of the growth in production is in developed
O2dzy G NASaXxXXd

North America contributes 45% to global lentil production from 31%
acreage as compared to 32% of production from 45% lentil area.in
South Asia

~ulll
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Trends In production of lentil in India
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Lentil importer and exporter regions of the World
(million metric tons)

North America

' Region

+ NetImports = /4
= Net Imports

Latin America and'..
the Caribbean

SubSaharan
Africa

SourcesFAOSTAT (2013)
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Opportunities for Enhancing Lentil Production

A Closing the yield gaps: crop Yield potential for rainfed
management agriculture in Drylands

A New genetic gains

A Horizontalexpansion

A Sustainable Intensification

A Reduced posharvest losses

A Value addition

Exploitable

65-75% Yield Gap

1800 1568 Yield Attainable Average
1288 Potential in Yield in Farm
1200 - Research Farmers Yield
1000 - Trials fields

800 -
600 -
400 -
200 -

Varieties (3) ICM (4)

'.: 204¢ Farmers' mimproved ICARDA

YEAR OF PULSES or Better Livelihoods in Dry Are



Enhancing economic competitiveness asi@bility

A Biotic stresses

A Abiotic stresses

A Problem soils

A Socio-economic proble
A Government policies

091 c{fseases

-—I—-. =

INTERNATIONAL . ) ICA R DA
YEAR OF PULSES .
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Target Environments

and Trait Prioritization

Yellow/red lentil

R to wilt, AB, Sitona weevil
Tolerance to cold, drought
Machine harvestable,

NOI’th America * | Herbicide tolerance
33% WA SA e " Earliness, small red lentils
*lR dis, dSB
: elowrgesesdein 30, B ks
* Rtowilt, rust, AB, . 35%' Herbicide tolerance
* Orabanche tolerance NA
* Herbicide tolerance
«  Machine harvestabl SSA' Earliness, small red lentils
* & Rtoroot diseases, rust and AB
Latin America 3% .+ | Tol to drought and heat
0.5% .
Australia
6%
® Heat, drought, cold ® Machine harvestability
® Key diseases and insect pests @ Extrashort duration
® Orobanche tolerance ® Plant architecture traits
® Herbicide tolerance ® Quality/nutrition traits
°N

@ ,
u"‘ f
8 INTERNATIONAL
YEAR OF PULSES

Courtesy of Dr. Shiv Kumar Agrawal, ICARDA%ICARDA



Mapping of Rice Fallows in South Asia
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Lentil in Rice-based Cropping Systems ;
l

C rigated "
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X — Rice = Relay E Lentil = Boro rice Rice — Relay E Lentil %
..../ INTE%Ngl?NHGL ,J‘L}J‘ I CA R DA
AT TRy ‘*@ Science for Better Livelihoods in Dry Areas



India- Short duration lentil varieties in ricéallows

State Area covered  No. of No. of

(ha) villages farmers
Assam 154 19 521
Bihar 150 19 221
148 28 377
Manipur 60 10 109
Meghalaya 70 23 255
Tripura 38 15 199
Uttar Pradesh 150 30 470
West Bengal 100 20 554
14 11 836

(el 1067 175 3542

A Yield in farmers fields: up to 1.8 t/ha (Moitree, NDL1, HUL-57)
A Seed Hubs Established at Patna and Jehanabad
A 970 ton seed produced

%2 2016 2 ICARDA

‘0 INTERNATIONAL
YEAR OF PULSES or Better Livelihoods in Dry Are




Pre-breeding forkarly Genem Lentill

Traits ISt Sowing lId Sowing
(Oct 21, 2011) (Dec 28, 2011)
Parent Selection Parent Selection
ILWI-118 IPLWSL18 ILWL118 IPLWSL18
Flower initiation o8 30 No 46
Pod initiation 105 37 flowering 52
Days to maturity 182 62 80
Pods/plant 60-90 10-12 200
£ 2 IPLWS118 ILwLi118
. - < (Extra early) Parent

'™ 2''3 4 5 6

0% m'%ggg %IC ARDA MarkerAD -21

Science for Better Livelihoods in Dry Areas



Impactof improved lentil varieties inthe target

states In India
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Machine harvestable Ientll cultlvars

AScreened breeding lines for good | o S
standing abllity, Erect tall, more &
height of the first pod, no pod
drop and shattering and
prominent tendrils

ATwo lines with above traits,
08541102 and 08541137,
Identified .

-
§

\
’
L2200
\' »
-a\
v

l\\

W8 2018 4ICARDA
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Weeds are major yield constraints in lentil production

A Weedscausesseriousyield losses

A No effective post emergence
chemical control;

A Screening lentigermplasm for
post-emergence herbicide
tolerance;

A Seriousphyto-toxicity:
A Somegenotypes recovered fro
the initial shocks.

%8 2016 4ICARDA

YEAR OF PULSES

Sun( for Better Livelihoods in Dry Areas



Herbicide tolerance In lentil

AOver 700 germplasm lines screened for
tolerance tolmazethapyrand Metribuzin

ADelayin flowering, poorpod setting and
reduction inplant height observedn
herbicide treated plot.

AGermplasm lines tolerant to both herbicides
identified

Tolerance
score

ILL6434 2
ILL89517
Metribuzin ILL10810
ILL10833
ILX87075
ILL8009
Imazethapyr ILL5988
% 50 ILL4994

5. INTERNRTIONRL
YEAR OF PULSES

Herbicide Genotype
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Performance of Heatand drought Tolerant_entil Lines
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Large seeded cultivars for market opportunities

LL 8006

A Large genetic variability
for cooking time (17-50
min in lentil- Fast cooking,
an energy saving technology

A Positively correlated with
seed size

@:°N
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Biofortified lentils for hidden hunger in Bangladesh & Indi

A Five biofortified varieties (BARI Vaﬁgﬁzgdrézgé‘ﬁztg ;’:léefgg'esh
M4, M5, M6, M7 and M8) released
and now cover~90,000ha area 100
80
A Average productiorl.3t/ha 60
A Producingl15,000ton zg
micronutrient dense lentil 0

BARI M4BARI M5BARI M6BARI M7

m Fe content (ppm) m= Zn content (ppm)

India: Pusa Vaibhav (Fe 102 ppm)
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High Iron & Zincrich Lentil Varieties
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Ethlopla Alemaya (Fe-98, Zn - 64 ppm)
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