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Editor’s Note

Indian agricultural researchers are facing enormous challenges of enhancing the agricultural
productivity in the face of climate change, achieving nutritional security, increasing the farm income
and ensuring the soil health — simultaneously. Genetic resources can provide practical solutions to
many problems, provided the resources are conserved, characterized and accessible.

Genetic resources management is inherently inter-disciplinary. Each activity of the management —
augmentation, quarantine, conservation, characterization, evaluation, use, etc. — requires trained human
resource with specialized skill sets and adequate infrastructure. Activities need to be institutionalized
and supported by suitable policy structure. India had been fortunate to have visionaries who led the
genetic resources programmes from nascent stage with aplomb. From time to time, responding to the
global developments, India expanded the genetic resources management programme from a small
unit at JARI, New Delhi to a full-fledged National Bureau of Plant Genetic Resources followed by
four other Bureaus on animal, fish, microbes and insect genetic resources. Contributions of many
researchers and policy makers have made this growth and development possible.

The person who provided the leadership to genetic resources setup in India at critical junctures is
Dr Rajendra Singh Paroda. He was instrumental in orienting the genetic resources research and
genebanking in India to global standards and scale. In all his professional capacities, he has been
an institution builder (National Genebank at NBPGR, inter alia, bears testimony); encouraged and
supported capacity building and trainings; left no stone unturned to garner funding support for
conservation activities in India and globally; advocated preparedness and inclusive deliberations to
develop operational policies; organized numerous conferences, symposia, brain-storming, etc. on
various topics to ensure researchers meet, network and collaborate.

He founded the Indian Society of Plant Genetic Resources and started Indian Journal of Plant Genetic
Resources (IJPGR) as a publishing forum for plant genetics resources researchers, when there was no
dedicated journal in the world! The IJPGR would like to celebrate the 80t birth anniversary of the
visionary personality in a manner befitting his enormous contributions over the last five decades. This
special issue “Genetic Resources Management: Road Ahead” is published in Dr Paroda’s inimitable
style of brevity and focus on challenges and action points. Leading researchers from across the domains
have contributed to this issue of IJPGR on diverse topics, making it a collector’s edition.

| acknowledge the role of my fellow editors Dr Anuradha Agrawal (plant genetic resources section),
Dr BP Mishra (animal genetic resources section), Dr Kuldeep K Lal (fish genetic resources section),
Dr Anil K Saxena (microbial genetic resources section) and Dr M Nagesh (insect genetic resources
section) in accomplishing a daunting task of putting together an impressive collection of articles.

We believe that this special issue meets the expectations of Dr Paroda and all the readers.

Sunil Archak
Editor-in-Chief
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INTERVIEW

Genetic Resources Must be Accessible and Used: Dr RS Paroda

By Sunil Archak

Q1. Everyone knows about your immense contributions
to Indian agriculture in general and agricultural
research, education and extension in particular.
However, your passion and unending quest for genetic
resources has altogether a different dimension. When
and how did your interest in genetic resources begin?

Hailing from the Thar desert of Rajasthan, while helping
often my mother in farm operations, I understood the
importance of plants, crops, animals, especially for
the livelihood and survival of the people right from
my childhood. Later, as student of Genetics and Plant
Breeding, I got fascinated by Darwin’s theory of evolution
and Mendel’s laws of inheritance. While being a Ph.D.
student at [ARL, under the guidance of Dr AB Joshi,
I could appreciate the importance of genetic resources
for crop improvement. At that time, I was impressed
by Dr Harbhajan Singh’s valuable work while heading
the Division of Plant Introduction. Later, while working
for my post-doctorate with Prof. Hugh Rees, FRS at
University of Wales, Aberystwyth on cytogenetics of
Eu-sorghums, I got more convinced of the importance
of related wild species as useful source of resistance to
biotic and abiotic stresses. The success of nobilization
of sugarcane by TS Venkataraman at SBI, Coimbatore
had fascinated me more towards the importance and
management of genetic resources. The first multi-cut

Indian J. Plant Genet. Resour. 35(3): 1-7 (2022)

sorghum variety SSG 59-3, released at the national
level, was an outcome of sorghum x sweet Sudan grass
hybridization work carried out at HAU, Hisar when [ was
working as Forage Breeder. The successful release of
more than ten varieties at the national level of sorghum,
oats, cowpea, guar and berseem by our team was mainly
due to the use of rich germplasm that we had, many of
those accessions were obtained from NBPGR.

My interest in genetic resources further got intensified
after 1 visited the deserts of Australia, America and
Central Asia. I realized that Thar desert is fortunate to
have rich genetic resources of plants, trees and animals.
However, there is an urgent need to collect, evaluate
and conserve them before they become extinct in view
of harsh climate and vagaries of weather.

As destiny would have it, I got an opportunity in
1985 to lead NBPGR — an institute on plant genetic
resources. However, I understood immediately that
for improved efficiency the system needed good
infrastructure facilities, including the construction of a
modern Genebank, which was indeed a great challenge
since neither land nor funds were available then.

Q2. World has witnessed a paradigm shift in the way
we access and use plant genetic resources. You have
not only observed these changes but you also provided

As forage breeder with Dr MS Swaminathan
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policy guidance at national and global levels. Could you
let the readers know about your first-hand experience?
Have we achieved what we set-out for?

As a student of genetics and plant breeding, two
cardinal principles were taught to us. These are:
1) Genetic resources are common heritage of mankind
(humankind) and ii) Genetic resources are exchanged
freely.

Somehow, after the Convention on Biological
Diversity (CBD) came into force in 1993, with a call
to nation members to have their sui generis system to
protect biodiversity, both these principles hold no good.
There is though better awareness of rights now but in
general lack of appreciation for mutual exchange of
genetic resources. The current protectionist approach
will be counter-productive. No doubt, we shall have to
adapt to paradigm shift from free to better understood
and agreed access and benefit sharing (ABS) system
for bilateral exchanges as per Nagoya Protocol. On
the contrary, in retrospect, had such restrictions been
there earlier, our food basket would have not been so
diversified as today. The current challenge is to protect
what we possess but then we need to be wise to have
in place ABS mechanisms by which needed exchange
continues uninterrupted for future food, nutrition and
environmental sustainability.

Fortunately, for multilateral exchanges, a well
understood inter-governmental mechanism exists under
FAO in the form of International Treaty on Genetic
Resources for Food and Agriculture - ITPGRFA
(signed 2001), which is in harmony with CBD and
guaranteeing food security through the conservation,
exchange (multilateral) and sustainable use of world’s
plant genetic resources. I was personally involved as
head of Indian delegation in very long debates and
meetings to put its framework in place, especially to have
an agreement on definition of farmer’s rights. During
the Third Extraordinary Session of the CGRFA (mid-
December 1996), | was made the chairman of Working
Group on Farmers’ Rights and had experienced fierce
long debates, often inconclusive, for almost two years to
finally have an agreement on farmer’s rights on genetic
resources, considered on par with those of breeder’s
rights. Similarly, it was not easy to agree on the list of
64 crops under Annex I of the Treaty that was approved
in 1995. I was personally disappointed that despite strong
justifications, crops like Soybean and Cotton were not
included. Since then, almost 25 years have passed but

Indian J. Plant Genet. Resour. 35(3): 1-7 (2022)

Interview by Sunil Archak

Representing India at an ITPGRFA session

the list of crops under Annex I has not been extended
despite the presumption that Treaty would ensure this
to happen. Hope the 9" Governing Body meeting
being held in New Delhi next month would succeed
in expanding it. Another concern that I have is about
contributions towards Gene Fund, for which provision
was made under the Treaty. Unfortunately, not much
has happened since then. A significant development is,
however, seen in the form of standard Material transfer
agreement (SMTA) for the exchanges of genetic resources
held in the Genebanks of International Centers under
the umbrella of this treaty. Many developing countries,
including India, have adopted this STA for multilateral
exchanges of 64 crops listed under Annex I. This is
likely to help considerably in opening the doors for
sharing of genetic resources.

Q3. You are credited with building modern infrastructure
for genetic resources conservation and management. Was
it not thinking ahead of time and how difficult it was to

Project negotiation with USAID team




Genetic Resources Must be Accessible and Used: Dr RS Paroda

get government support to accomplish your dreams? When
you look at these Bureaus, how you would consider their
achievements?

When I joined as Director, NBPGR in 1985, the institute
was located in an old building. It needed good research
laboratories, equipment and the Genebank to conserve
existing valuable genetic resources. With the help of
colleagues and within available meagre budget, we tried
to renovate the laboratory facilities. For building the
Genebank, neither there were funds nor the land on Pusa
campus. When [ approached Dr. N.S. Randhawa, the
then Director General and Dr. M.V. Rao, DDG (Crop
Science), ICAR for additional funds, both expressed
helplessness and advised to explore the options of external
grant. Accordingly, considering it my first priority, I
started negotiating with organizations like JICA and
USAID for needed support.

Fortunately, I could approach Dr. Nyle C. Brady,
former Director General, IRRI, who then was Assistant
Administrator for Science and Technology in USAID,
Washington. Besides him, I received good support of Dr.
D.S. Athwal, then working with Winrock International as
Vice-President. In fact, both of them had worked closely
at IRRI. After intense negotiation, and keeping in mind
the facilities and infrastructure at the Genebanks at Fort
Collins, USA and at Tsukuba, Japan, we submitted a
project for the construction of institute building, scientific
equipment and also projected the requirement of training
in the US labs of most NBPGR scientists. As luck
would have it, I could get the project finally sanctioned
in 1987 with an outlay of US $25 million. This led to
the allocation of land and start of construction of a new
campus of NBPGR housing the most modern Genebank
with capacity to store one million accessions, which
then was completed and inaugurated during the 219

J¥e

International Crop Science Congress in November, 1996
by the then Vice President KR Narayanan. Today, this
Genebank is the second largest with over 0.45 million
seed samples stored safely, which has a capacity of
1 million accessions. In addition, facilities for Tissue
Culture and Cryo-preservation Bank for vegetatively
propagated plants were also created. Besides, a centre
of excellence on DNA Fingerprinting was established
at NBPGR.

Soon after joining as Director General, ICAR and
being fully convinced of the importance and need
of institutional support for genetic resources other
than plants, I could convince policy makers to get
sufficient funds and create the Bureaus of Animals,
Fish, Microorganisms and Useful Insects. The National
Bureau of Fish Genetic Resources at Lucknow was built
in a record time of five years and it was inaugurated by
the then Hon’ble Prime Minister Atal Bihari Vajpayee.
Similarly, The Bureau of Animal Genetic Resources at
Karnal was built in five years. As a result, all these four
institutions, besides NBPGR, are serving a great cause
and jointly they form a unique national network on
management of genetic resources for posterity. Today,
we do not find such a strong national program elsewhere
in the world. Hence, we can legitimately feel proud of
such a strong network of genetic resources.

It must also be mentioned that considering the need
for trained Human Resource, a post-graduate program
in the discipline of PGR was initiated for the first time
in 1997, under which 73 M.Sc. and 31 Ph.D. degrees
have been conferred.

With regard to my impression about the functioning
of these bureaus, over the last two decades, I think
overall they have done a good job. This was evident
from an excellent display of their activities in the

Inauguration of Indian National Genebank, a dream project of Dr Paroda
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exhibition that was organized during the 15! International
Agrobiodiversity Congress in November, 2016. The
foreign participants from several countries were highly
impressed by the quality of papers presented by our
scientists.

However, an aggressive well monitored network
effort in a Mission mode is warranted, as was done
when a Mission on exploration and conservation was
undertaken under NATP when we almost doubled
(from 2 lac to 4 lac) the accessions in just five years.
In retrospect I must say that if these institutions were
not created then, we would have needed them now.
We are better placed as they already exist and it is our
responsibility to nurture them well.

As the Chairman of the Working Group on Farmers’
Rights of FAO Commission on Plant Genetic Resources
(1995-97), I could get the Farmers’ Right defined and
agreed by the Commission. While serving as the member
of the International Committee constituted for Plant
Genetic Resources by the Board on Agriculture, National
Academy of Sciences, Washington for the period 1990-

Interview by Sunil Archak
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Felicitating Dr APJ Abdul Kalam during Indian Science Congress

94, 1 got recommended the much-needed renovation
and strengthening of the Genebanks. I also worked
passionately and closely with Dr Ismail Serageldin, the
then Chairman, CGIAR and Dr Geoff Hawtin, the then
Director General, IBPGR and succeeded in convincing
the Funders, through constant dialogue and events at the
meetings that I chaired, to support the cause of conserving
global genetic resources. These efforts eventually led
to the establishment of Global Crop Diversity Trust
(GCDT) in 2004. In fact, it was Dr Jecques Diouf, the
then Director General, who kindly agreed to our request
to host GCDT at FAO, Rome. It is sad that the primary
objective of extending support to the national Genebanks
for rejuvenation and conservation of genetic resources
in the developing countries has not yet been realized.
Instead, focus got shifted to fund the Genebanks of
CGIAR Centers. Another disappointment was that its
headquarters got shifted to Germany.

Q4. You have organized important national and
international conferences, symposia, brainstorming
on PGR and have brought out world-class policy

Naming of ICRISAT genebank after RS Paroda
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documents. Also, you are credited to have established
some PGR networks. Do you see them as opportunities for
strengthening R&D on PGR? Is there awareness among
researchers about the significance of enabling policy
environment for the management of genetic resources?

I have always felt strongly about the importance of
establishing links and partnerships among agricultural
institutions at state, national, regional and international
levels. Hence, I had organised a number of networks
on PGR and also the conferences, symposia, expert
consultations, workshops and brainstorming sessions
considering them important for strengthening research
and development.

To ensure a platform for publishing scientific work
of researchers, it was considered necessary to establish
Indian Society of Plant Genetic Resources (ISPGR) at
NBPGR in 1986. This Society has served a great cause
of publishing scientific papers through its Journal [JPGR
and by organising a number of national and international
conferences. It also published a number of proceedings
and promoted scientific collaboration among its more
than 850 members.

It also organised a number of national symposia
and conferences and brought out useful publications
and proceedings. The First National symposium on PGR
was held in March 1987 at IARI, New Delhi; which was
inaugurated by Dr BP Pal, former Director General, ICAR
and attended by Dr AB Joshi and Dr MS Swaminathan.
Later, in 2013, in collaboration with BI, it had organised
a Global Consultation on Use and Management of
Agrobiodiversity for Sustainable Food Security at New
Delhi. In November, 2016, it also organised successfully
the 15t International Agrobiodiversity Congress (IAC)
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with 1,000 participants from 60 countries at New
Delhi, which was inaugurated by the Hon’ble Prime
Minister Narendra Modi. Besides its proceedings,
the conference also adopted “Delhi Declaration on
Agrobiodiversity Management” concerning various
aspects of conservation, management, access and use
of agrobiodiversity and the Declaration is being used
now for defining a ‘Road Map’ for future management
of Agrobiodiversity.

It is also a great satisfaction that IAC has now
become an important rolling event. The 20d JAC was
hosted in Rome in November, 2021 and was funded
by the Government of Italy. It is expected that 3™ TAC
will be hosted by CAAS in China. In my view, such
scientific conferences are the best ways to expose young
scientists to recent advances and catalyse them to pursue
quality research in their career.

While working as Regional Plant Production and
Protection Officer, FAO, Bangkok (1992-1994), and
later as Executive Secretary, APAARI, I could initiate a
number of regional PGR networks for evaluation and use
of genetic resources in different countries. These were:
on maize -TAMNET involving FAO and CIMMYT;
on cereals and legumes — CLAN involving ICRISAT,
ICARDA and AVRDC; on rice — CORRA involving
IRRI; on cotton — INCANA involving AARINENA,
APAARIand CACAARI; and on fish - GoFAR involving
WorldFish Center. For these networks, an effort was made
to involve more NARS and strengthen three regional
PGR networks of IBPGR for i) South Asia, ii) Southeast
Asia and iii) the Pacific region. These networks helped in
joint evaluation and exchange of useful genetic resources
by concerned NARS and derive mutual benefits. It was

Dr BP Pal at the inauguration of First National Symposium
on PGR at IARI in 1987
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First Global Conference by GFAR in Dresden

great satisfaction to see the willingness of NARS partners
to collaborate and identify useful varieties and hybrids
that can enhance productivity of these crops.

As founder Chairman of the Global Forum on
Agricultural Research (GFAR) from 1998-2002, 1
encouraged partnership building among NARS and
the Agricultural Research for Development (AR4D)
stakeholders. During the first Global Conference on
ARA4D organized by GFAR in 2000, a special session was
held in collaboration with Bioversity International where
the “Dresden Declaration on Plant Genetic Resources
for Food and Agriculture” was adopted, defining clearly
a Road Map for strengthening PGR activities at the
global level. Later, as Executive Secretary, Asia Pacific
Association of Agricultural Research Institutions, I could
hold in collaboration with BI and other CG Centers,
an International Symposium on Agrobiodiversity in
Suwon in 2010 which led to the adoption of ‘The Suwon
Agrobiodiversity Framework’, catalysing all stakeholders

Interview by Sunil Archak

in the Region to accelerate activities to conserve their
valuable genetic resources through use. Subsequently,
both GFAR and CGIAR decided to organize jointly
every two years the Global Conference on Agricultural
Research for Development (GCARD). As chairman of
the Program Committee of GFAR, I had the privilege to
organize GCARD 1 at Montpelier, France in 2010 and
GCARD 2 at Punta del Este in Uruguay in 2012. As
an outcome, we could get overwhelming endorsement
of ‘GCARD Road Map’.

To promote regional cooperation and scientific
networks, I took the major initiative to organize a
number of Regional Expert Consultations. These were:
Regional Roundtable Meeting on Implementation of
the International Treaty for Plant Genetic Resources
for Food and Agriculture (ITPGRFA) in 2005 in
Bangkok; Expert Consultation on Progress of Research
Networks at ICRISAT in 2007; Regional Workshop for
Implementation of Suwon Agrobiodiversity Framework
in 2011 in Kuala Lumpur; Regional Consultation on
Genetic Resources in the Pacific held at Fiji (2012);
and the Regional Consultation on Medicinal Plants in
2013 in Bangkok.

Q5. It is rare to see five dedicated Bureaus working on
different genetic resources in any other country. Do you
believe these Bureaus have done justice to their existence?
Can these be the global research Centers of genetic resources?

As stated earlier, a well monitored mission mode
approach is needed to make these bureaus more effective
at global level. India is fortunate to have presently five
Bureaus on Genetic Resource management of its rich
agrobiodiversity, besides a unique Sui generis system

15t International Agrobiodiversity Congress organized with 1,000 participants from 60 countries (New Delhi, 6-9 Nov 2016),
which was inaugurated by the Prime Minister Narendra Modi.

Indian J. Plant Genet. Resour. 35(3): 1-7 (2022)
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through two acts approved by the Parliament, namely,
i) Protection of Plant Varieties and Farmers’ Rights
Act (2001), and ii) National Biodiversity Act (2002).
As head of ICAR, and in view of my personal interest
in the subject, I was actively involved in drafting and
getting these bills approved. These Acts and Bureaux
are today serving a great cause for the conservation
and use of country’s valuable agrobiodiversity. Surely,
we can feel proud of having such a strong national
system with more than 200 scientists actively engaged
in various aspects of genetic resources. They need to
have real passion for the genetic resource management
activities. Moreover, in my view there is no room for
complacency just because we have a strong system
now in place.

Q6. Do you think modern technologies like gene editing
will make genebanks redundant? What is the role of
genebanks in combating climate change? In other words,
how can the Indian genebank be a valuable resource
to address climate change?

I do not think so. In fact, genome editing is just a
technique to accelerate the breeding process —it is rather
a disruptive innovation helpful in transferring desired

Indian J. Plant Genet. Resour. 35(3): 1-7 (2022)

genes in good agronomic background. In any case, gene
editing will need new genes for specific traits to be
incorporated. Hence, success would obviously depend
on whether we have the desired genes for editing. As
such, the importance of Genebanks, especially the
collections of wild and weedy species, shall remain. On
the contrary, there will be an acceleration of conservation
through use now than ever before. With regard to the
role of Genebanks to combat climate change, India is
again much better placed globally in view of existing
rich germplasm that has the best-known tolerance to
stresses — both abiotic (cold, heat, salinity, drought,
flooding etc.) and biotic (diseases, pests, weeds etc.).
We are known to have the best salt, heat and drought
tolerant materials of wheat, rice sorghum, pearl millet
and a number of fruits, vegetables, grasses and trees.
These would be valuable sources for breeding crops and
animals to adapt well to climate change.

To harness the benefits of genome editing, much
would depend on enabling policies and institutional
support, besides enhanced funding so critical for
harnessing rich genetic resources.
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Context

Since mid-20th century, India transformed itself as a
country that depended on food aid to a net food exporter,
with nearly six-fold increase in food grain production
from 50 million tonnes in 1950-51 to 314.51 million
tonnes in 2021-22, due to the adoption of technologies.
By 2050, India’s population will reach 1.7 billion people,
creating the most populated country in the world. Food
demand will increase by 70 per cent. Globally, the demand
for food is expected to rise by 50 per cent and yields
may decline by 2050 in the absence of adequate climate
action. Thus, India faces the formidable challenge of
ensuring a guaranteed and adequate supply of nutritious
and healthy food produced in an economically, culturally,
socially and environmentally sustainable manner.

The United Nations’ 2030 Development Agenda
includes 17 for Sustainable Development Goals (SDGs)
and those related to agriculture include: 1) No poverty,
2) Zero hunger 3) Good health and well-being for
people 12) Responsible consumption and production,
13) Climate action, 14) Life below water, and 15) Life
on land. However, addressing several of SDGs in an
increasingly challenging environment and burgeoning
population would be a formidable challenge. It is here
that genetic resources play a crucial role.

Role of Genetic Resources

Genetic resources are the biological cornerstone of
global food security. The agricultural diversity and
genetic resources that support agriculture need to be
used efficiently both to maintain current levels of food
production and to confront future challenges. Adapting
crop varieties to local ecological conditions can reduce
risks induced by climate change. Thus, identifying
adapted germplasm requires reoriented emphasis
on augmentation, characterization and evaluation of
germplasm in genebanks. In fact, conservation is the

*Author for Correspondence: Email-tmnrcpb@gmail.com
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beginning of the solution in terms of trait-discovery
(Fig. 1). Science-based interventions are required at
various stages of genetic resources use.

Increasing yields of major food crops — or even
maintaining them — in the face of climate change will
depend on combining genetic traits found in materials
of a wide range of origins, including wild species.
Unfortunately, wild species are especially vulnerable to
climate change because they do not receive management
interventions that help them adapt to changing conditions.
Narrowly adapted species and endemics are especially
vulnerable to the direct effects of climate change. Some
of the centres of landrace diversity exist in areas under

Fig. 1. Science-based interventions required at various stages
of genetic resources use
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ecological range.

Prioritization of crop wild relatives

NBPGR shortlisted 861 Indian CWR taxa belonging to 769 species for 171 crops (of ICAR-mandate) falling
under 14 crop groups (based on overall closeness with crop; potential use). Prioritisation resulted in 292
taxa (257 species) belonging to 85 crops (level of closeness to crop, economic traits or wide hybridisation
work under progress and extent of distribution/ threat). Of 292 prioritised taxa, only 167 are conserved in
the National Genebank. Conserved species lack representative samples from across a geographical and

considerable climate risk, where diversity is valued for
its resilience. It is, however, poorly understood how
the increase of climate risk, and change in the climate
baseline might impact the current diversity in landraces
found in situ. Impacts are likely to be both positive and
negative on landrace diversity depending on the region,
but a priority for research and monitoring activities is
to ensure that more diversity is not lost.

Status of PGR Management and Utilization

Germplasm augmentation: Climate change calls
for change in priorities for action with respect to
genetic resources. Today there is urgent need for
consolidating Indian genebank collections of wild
species, including crop wild relatives (CWR), due
to increased likelihood of extinction for narrowly
adapted and endemic species. Novel and increased
demands on germplasm in genebanks for adapting

Others
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agriculture to climate change, including the need to
screening for different characters. By carrying out
focused collecting missions, a total of 132 exploration
and collecting missions during 2016-2021 resulted in
collection of more than 9700 (Fig. 2). About 30% of
the accessions belonged to the focus group of CWR.
In the NEH region alone, as many as 28 explorations
were conducted and more than 2000 accessions. Use
of all modern tools viz. GIS, digital surface and soils
maps, satellite imagery, etc. must be routine practice
of exploration missions. Collecting, compiling and
documenting ITKs related to PGR is also significant.

Plant quarantine: A systematic step-wise strategy
followed for testing of each sample imported for presence
of any unwanted pests and all samples found infested/
infected were salvaged and if they could not be salvaged,
they were rejected and destroyed by suitable means.

CWR 30%

Cultivated 70%

Fig. 2. Crop-group wise germplasm collected by NBPGR through targeted explorations during the period 2016-21
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Fig. 3. Institutional funding (line, in lakh rupees) accelerating the characterization of germplasm (bar, number of accessions).

Estimated losses in India averted by interception of
quarantine pests in introduced germplasm is estimated
to be around Soybean (Rs.45 crore), Maize (Rs.47
crore), Rapeseed- mustard (Rs.39 crore) and Groundnut
(Rs.33 crore). This calls for arming the quarantine
set-up with modern tools and carrying out supportive
research and documentation. Generation of awareness
about importance of quarantine among public and policy
makers is also essential.

Conservation: Globally more than 7 million accessions
are conserved ex situ (WIEWS data) and about the same
number are in the safety back-up at the Svalbard Global
Seed Vault. Data of only 2.5 million are available on
Genesys-PGR portal. Indian genebank conserves about
0.45 million accessions collected from habitats within
India (Table 1) or imported from other countries.
Despite global holdings being redundant, enough scope
of augmentation and enough room in the seed genebank
exist. Number of accessions of CWR added to seed
genebank has jumped from 17 per year to about 120
per year since 2014. NBPGR has the best of cryo and in
vitro genebanks. But field genebanking of horticultural
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crops requires attention and coordination with institutes
and universities. Working with custodian farmers has
great advantage.

Germplasm characterization: Genebanks carry out
characterization as a routine activity. However, large-
scale phenotyping of the germplasm accessions in
one-go can facilitate designation of core collections
allowing increased use of germplasm. ICAR’s initiatives
in supporting the field characterization of several crops
under an ambitious project “Consortia Research Platform
on Agrobiodiversity” provided much needed funds that
led to forming networks and carrying out multi-location
experiments. The dedicated financial support gave an
impetus to take out entire genebank collections of various
crops for characterization (Fig. 3). A total of >280 crore
rupees was invested by ICAR though mega projects like
CRP-Agrobiodiversity and NICRA causing a dominion
effect and attracting about 150 crore rupees as extra-
mural grants. Advantages of such initiatives include:
(i) involvement of plant breeders and specialists from
the outset guaranteeing the use of identified trait specific
resources and (ii) creation of an institutional as well
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as organic partnerships for long term associations. For
instance, varieties as many as 78 vegetable, 29 spices,
26 millets, 24 pulses, 21 cereals, 17 forage, 13 oilseeds
among others have been developed using the indigenous
germplasm in the last decade (2011-2020).

Germplasm sharing: India, though NBPGR and other
partner institutions, has ensure that germplasm is available
for research in the country. In fact, procedures are laid
out for sharing germplasm with foreign researchers. It
is important to ensure that germplasm is exchanged for
research purpose without hurdles and also follow legal
requirements nationally and compliance internationally.
In collaboration with Kirkhouse Trust, India has shared
>250 accessions of pulses with ten African countries.

Use of modern technologies: India has the advantage
of being endowed with high degree of genetic variability
accessible from ex situ genebank. There is now need to
lay greater emphasis on employing novel technologies
including genomics for large scale genotyping and
associating with phenotypic variations. Trait discovery,
identification of best germplasm accessions with multiple
trait advantage will ultimately lead to their use in
developing climate resilient and nutri-rich varieties.

Action Points

Keeping in mind the changing climatic conditions,
changing needs and advancements in technologies, it is
essential to calibrate our PGR management procedures
and prioritize the resources for enhanced utilization of
PGR (Fig. 4). Some suggestions given below:

Efficient use of gene pool: Augmentation of CWRs
by collecting or by importing; developing descriptors
where not available and characterization; trait-specific
screening; pre-breeding; genotyping and identification
of loci. Effective use genomic tools for genotyping and
associating the data with phenotypic trait and contributing
the material/information to varietal development
programmes.

Map R&D and PGR services onto visions and
programmes: A number of significant activities are
being carried out by NBPGR and partners. They need to
be mapped onto the relevant SDGs and national vision
documents to make the PGR activities look relevant and
contemporary. Excellent activities can be planned and
implemented under the aegis of national programmes
aiming at farmers welfare as well as NEH/TSP specific
activities.

Indian J. Plant Genet. Resour. 35(3): 8-12 (2022)
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Table 1. Germplasm accessions of various crops collected from
different states and conserved in Indian genebank

Andaman and Nicobar Islands 622
Andhra Pradesh 13765
Arunachal Pradesh 3573
Assam 6136
Bihar 5711
Chhattisgarh 14881
Delhi 6912
Goa 352
Gujarat 8476
Haryana 6049
Himachal Pradesh 8950
Jammu and Kashmir 3732
Jharkhand 4125
Karnataka 8246
Kerala 4653
Madhya Pradesh 14069
Maharashtra 17545
Manipur 1825
Meghalaya 1975
Mizoram 1585
Nagaland 1978
Odisha 10159
Others 45580
Punjab 4621
Rajasthan 10889
Sikkim 1239
Tamil Nadu 7204
Telangana 8290
Tripura 603
Unknown 70444
Uttar Pradesh 14817
Uttarakhand 12378
West Bengal 2753
Others 114

Documentation and awareness: Without an efficient
information system, data on useful germplasm and
traits cannot be accessed by researchers curtailing the
utilization potential. In addition to the impactful research
papers aiming at scientists, semi-technical and general
publications must be brought out periodically. They
will provide necessary information to policy makers
and funding agencies about the ongoing programmes
and success stories. PGR is localized and therefore
leaflets and brochures in vernacular languages must be
made available.

Collaboration and networking: Every activity of PGR
management is multi-disciplinary. Inter-institutional
collaborations within India have shown good results in
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Fig. 4. Five action areas for the future of genetic resources utilization

phenotyping and genotyping. International collaborations,
particularly in screening for biotic and abiotic stress
factors will save valuable years in preparation. Public-
Private partnerships are woefully less and needs strategic
planning. Working with custodian farmers and conserving
communities will provide not only practical lessons
but also access to hitherto uncollected populations of
lesser-known crops.

Capacity building and HRD: PGR management requires
specialized skills and therefore training programmes to
various stakeholders must be a regular activity. Topic-

Indian J. Plant Genet. Resour. 35(3): 8-12 (2022)

specific trainings in taxonomy, genotyping, quarantine,
informatics, etc. are required for upgradation of skills.
It is important to generate human resource that will be
well-prepared to continue PGR programmes in future
through post-graduate programmes.
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Farmers’ Rights and Plant Breeders’ Rights under Indian Regulations of Plant
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India’s ‘Protection of Plant Varieties and Farmers’ Rights (PPV&FR) Act, 2001’ was enacted by its Parliament
in accordance to the Article 27.3(b) of Trade Related Intellectual Property Rights (TRIPS) Agreement. In a
significant deviation from the contemporary legislations around the world and also the International Union for
the Protection of New Varieties of Plants (UPOV) Acts (1973 and 1991), the PPV&FR Act is a sui generis
option, that provides an effective system for the protection of plant varieties, the rights of farmers and plant
breeders that encouraged development of new varieties as well as those which were in common knowledge of
the farmers or were in the possession of farmers traditionally. This article explains how the Indian legislation is
the best fit to match the requirements farmers as well as plant breeders, keeping in view the local agricultural
situations, societal constitution and livelihood mechanisms, especially for small-holder farmers.

Introduction

In compliance to the Trade Related Intellectual Property
Rights (TRIPS) Agreement, the Government of India
adopted the sui generis option to provide for the
establishment of an effective system for the protection
of plant varieties, the rights of farmers and plant
breeders that encouraged development of new varieties
as well as those which were in common knowledge
of the farmers or were in the possession of farmers
traditionally. ‘The Protection of Plant Varieties and
Farmers’ Rights (PPV&FR) Act, 2001’ was enacted
by the Parliament of India in accordance to the Article
27.3(b) of TRIPS Agreement. In a significant deviation
from the contemporary legislations around the world
and also the International Union for the Protection of
New Varieties of Plants (UPOV) Acts (1973 and 1991),
the Parliament considered it necessary to recognize
and to protect the rights of the farmers in respect to
their contributions made at any time in conserving,
improving and making available plant genetic resources
(PGR) for the development of new plant varieties in a
predominantly agriculture driven economy, industry
and livelihood options in a country that had more than
70% of its population living on agriculture directly
of whom, more than 85% were small holder farmers
(Agriculture Census, 2015-16, https://agcensus.nic.
in). After two decades of the enactment, with global

commerce & trade reforms under WTO and other such
international negotiations in place, more than 50% of
India’s population still continues to be that of farmers
(Annual Report 2020-21, Department of Agriculture,
Cooperation & Farmers’ Welfare, Ministry of Agriculture
& Farmers’ Welfare, Government of India).

The Indian legislation has made sufficient provisions
to protect the interests of plant breeders from both private
and public sectors with overarching recognition of the
farmers as conservers of traditional plant varieties,
landraces, wild relatives of crops for specific traditional
practices of saving, producing, sharing or exchanging
seed amongst farmers as their farm produce while
fully recognizing the contributions of both commercial
plant breeders and farmers in plant breeding activity in
developing new varieties (PPVFRA, 2001).

It is this unique balance between plant breeders’
rights and farmers’ rights that is maintained by the Indian
legislation that has been interpreted as contradictory
or conflicting approach in protecting plant breeders’
rights by several legal or regulatory consultants or
practitioners. Without exception, such contradictions are
based primarily on their conviction about UPOV Acts
of 1973, more appropriately of 1991 as the premise,
any deviation from which is held as a contradiction to
international standards, despite conformity to TRIPS
as well as accepted laws of the land. We explain here

*Author for Correspondence: Email-chairperson-ppvfra@nic.in; Website: http://plantauthority.gov.in
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how the Indian legislation is the best fit to match the
requirements of the beneficiaries of the products of the
Act, majority of whom are farmers followed by the
plant breeders. Globally, plant breeders’ rights centric
regulations are the obvious best fit only to the plant
breeders; however such regulations disregard the local
agricultural situations, societal constitution and livelihood
mechanisms among small holder farmers dominated
populations.

What is the Meaning of Protection of Plant
Varieties in India?

The protection exercised through registration of a plant
variety by its designation by the PPV&FR Authority,
means no one can sell, export, import or produce the seed
or propagating materials of such protected (registered)
plant variety without the registered breeder’s (owner’s)
permission.

Protection of a plant variety is an intellectual
property right (IPR) that the breeder (who could be an
individual, farmer, community of farmers, institution
or a government) enjoys over the variety along with
designation in the notified plant species as the said
variety’s owner, who is entitled to plant breeders’ rights
on the variety with the exception of farmers’ rights on
the variety as provided in the Act. This shall remain
with the registered breeder till he assigns it to anyone
else, for the entire period of protection for the purpose
of preventing any other person from making economic
benefit from it or from assuming any of the rights to
which the breeder is entitled to, without permission of
the registered breeder.

The protection of a plant variety with its denomination
also means that no one including the registered breeder
can sell any other variety with the same denomination or
sell the protected variety with any other denomination,
commitment of which is also a punishable act of
infringement.

Farmers’ Rights on Plant Varieties in India:
Integral to National Agriculture and Food Security

India is the only country which has provided IPR to
farmers or communities of farmers over the traditional
varieties, wild relative species of cultivated traditional
crops, landraces conserved by them. This is to protect
their rights on these materials in order to prevent
utilization of such genetic resource by plant breeders
without sharing any benefits realised from such varieties
with the conserver farmers or farming communities, in
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Section 26 of PPVFR Act (2001). In doing so, India at
once recognizes existing plant varieties also, which are
not novel but are in trade and in the common knowledge
of farmers, since a period not beyond the duration of
the period of maximum protection, retrospectively from
the date of registration (these are generally the varieties
in possession of plant breeders from public or private
sectors), or those regionally well-adapted traditional
varieties with their own value in trade, cultivation and
usage with the farming communities of the country. This
category involves the traditional and landrace varieties.
In contrast, other regulatory legislations globally (broadly
following either UPOV 1973 or UPOV 1991 Acts) only
recognize new plant varieties while all other beyond the
novelty acceptable period are relegated to a status of
being in public domain for anybody to access.

It is through this exception for acknowledging
the existing non-novel varieties as well as traditional
or landrace varieties, the Indian law facilitates formal
entitlement of farmers as well as plant breeders to their
rights on such already existing varieties within the
protectable period of 15-18 years before the date of
application by the plant breeders concerned; or exclusive
farmers’ rights on those varieties known to be existing
traditionally as heritage or as landraces in the community
for generations, to exercise their rights on the materials
for a further period of 15 or 18 years for their rights
on these varieties, from the date of registration. In all
other countries where protection of plant varieties is in
practice, they however, categorise all the latter groups
of landraces as well as varieties in common knowledge
as varieties in public domain for anyone to access and
use freely.

Some Specific Features of Indian PVP and FR
Exercised by Plant Breeders and Farmers of India
unlike their Counterparts in Other Countries

*  Voluntary option to register for Plant Breeders’
Rights

*  Voluntary option for breeder to market without
either getting the seed certified or released under
Seed Act procedures (Seed Act, 1966)

*  Voluntary registration under Seed Act procedures for
seed quality can be practiced equally independently
without protection of the plant breeders rights

*  Registered breeder can authorise others to exercise
any of his rights or engage any agency or licensee
to exercise any of the plant breeders’ rights
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The rights on variety of the plant breeder limit only
to its use as seed and not as a produce or harvested
product from the seed/seeding materials

Farmers have their own rights on the registered
protected varieties during period of protection

Farmers who infringe the plant breeders rights out
of genuine ignorance are given benefit of not being
guilty to infringement owing to their ignorance on
the protected status of the particular variety

Farmers can claim compensation on less than
minimum performance expected from the variety
upon following standard mentioned package of
practices on a plant variety whose seed has been
legitimately procured by him through authorised
seller of the registered variety in the current
season.

Farmers have the right to get the seed of protected
varieties on the reasonable price without being
subjected to predatory market practices

Farmers have right to get the assured supply of seed
through compulsory licensing, in case the original
licensees fail to do so

Farmers have the provision of getting recognition
and rewards for their contribution in conserving and
adding value to traditional genetic diversity

15 ‘ ‘Egglfr‘
-

Prevailing Situation of Seed Trade and Marketing
Network in India

In India, the existing seed tade and marketing network
does not facilitate a shift completely to formal seed system
for distribution, sale and marketing of protected varieties.
Presently, seed distribution, production and marketing
through informal system is 50-55% with the average seed
replacement rate hovering from 27% in groundnut to
61% in pigeon pea during 2019-20 (Fig. 1) among major
crops (DAC&FW, MoA&FW). In traditional varieties
and region-specific local crop species, there is hardly
any such possibility due to lack of seed related activities
among private or public sectors. Varietal Replacement
Rate (VRR) is one of the important factors in realizing
higher crop productivity. The pace of progress in food
production is largely dependent upon the progress of
seed programmes that enable supply of quality seed of
high yielding varieties with superior genetics. In India,
barring a few commodities such as wheat wherein the
share of seed replaced varieties released in the last five
years was 59.5% while the varieties released in the last
ten years made up 92.3% of the replaced seed during
2022-23, the situation in other crops though gradually
improving is as not as rosy for example rice wherein
share of varieties, notified during last five years and
ten years in total breeder seed indent were only 28.4%
and 64.8 % during 2022-23 as compared to 12.8 % and

Wheat

Paddy

BE

Black gram

Green gram

Pigeon pea

Chickpea

Groundnut

Soybean

2010-11' 2011-12 ' 2012-13' 2013-14 '2014-15 ' 2015-16' 2016-17' 2017-18 ' 2018-19 ' 2019-20"

Fig. 1. National seed replacement rates among major crops (%)
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43.2 % during 2018-19. If one accounted to average
seed replacement over the entire country to 45%, then
the magnitude of recent varieties in cultivation will
amount to an estimated 26.8% and 41.4% of total area
of wheat, of the varieties less than five and ten years
old, respectively.

The total quality seed availability is 48.37 million
tons (Agricultural Statistics at a Glance, 2021) in the
country which as per varying demand and seed supply
situation of various states would not at all suffice the
seed requirements of the country. Registration for
protection of new plant varieties is compulsory prior to
marketing of a variety in all UPOV following regulation
systems. If the same were to exclusively be practiced
in India without the above described farmers’ rights,
consequences would be as follows:

a. Ahugevacuumin total food production compromising
country’s food and nutritional security would happen
by taking out the informal seed system from seed
trade which will mean non-availability of authorised
seed to plant a major chunk of 200 million ha
planted over multiple seasons with 140% cropping
intensity.

b. It would take more than 4 to 5 times the current
investment for the entire area to be covered by
formal seed system that would disbalance the entire
economics of agricultural seed trade in India.

c. The sketchy and unorganized seed distribution
would hike the demand based increased seed price
to an extent that may make the seed unaffordable
or much more dearer than today to a farmer willing
to invest in new seed.

d. UPOV 1991 exemptions to allow self-saved seed
would not have enabled more than 70% of seed-
deprived farmers to plant seeds as less than 30%
of farmers have any facility for saving their seed.

e. Extant plant varieties in trade beyond 15 years of
their release or notification or development make up
for lion’s share among seed trade in India. If these
were not to be included, as legal seed as UPOV
1991 or 1973 apply only the new varieties, then
the unavailability of quality seed of only new plant
varieties would have further escalated the demand
for new seed while further increasing the estimated
number of farmers who would be deprived of the
new variety’s seed. The dimension is unimaginably
large for most of the crops, whether sown in less
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than one million ha or more than 10 million ha
purely because of the small size individual planting
spread over a large geographic area of each crop,
making it difficult for any seed producer to reach
the spots in time.

The above scenario that is highly probable would
not only cause a large gap between the potential and
actual production in different commodities including
those which are necessary for food security ingredients
as per the National Food Security Act (NFSA), 2013
and for nutrition management as committed to the
Sustainable Development Goals (SDGs) due to gross
reduction of production in general and litigation related
non-marketability due to prosecution proceedings or legal
proceedings likely to escalate from claims on violation
to the plant breeders right.

Farmers Rights Under PPV&FR Act

Integral to prevailing Indian agriculture, are the farmers’
rights to sow, resow, share, exchange and sell seed as
farm produce of varieties including protected varieties,
under Section 39(iv) of the PPV&FR Act. This provision
only facilitates the survival with enrichment through
better plant varieties of the informal seed sector. It also
enhances the fast spread of the new varieties protected
because of the sharing or selling of self-saved seed or
farm produce of a new variety in a given region where
the registered breeder may not have a reach or agency
to cover seed selling

It also allows an inbuilt mechanism of evaluation
of performance by the degree of economic satisfaction a
farmer receives by growing of crop raised from quality
seed obtained from the genuine authorised source that
automatically becomes the base for comparison of the
quantity or quality of the produce from self-saved or
neighbour produced seed in the next season. The word of
mouth spread of this information motivated investment
for new seed after first experience of use self-saved seed
facilitated by the right to resow or exchange or share
or sell farm produce as seed.

It goes without saying that even the farmer who
has saved seed of previous season crop has an access
in time to plant new seed from the formal authorised
agency; he would on first priority procure new quality
seed before choosing his own seed. There is no exception
to it. When the farmer knows that his right to claim for
compensation is operational only on new seed procured
legitimately from authorised seed seller of a plant variety,
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even if available with himself or neighbourhood, he
is bound to first procure the available new seed from
the seller than use his or neighbour’s seed. The farmer
also is aware that the new quality seed has assured
germination, purity and viability which he cannot take
for granted on his own saved seed even in the case of
self-pollinated crop species.

The above points are only a few which immediately
ensure that the provision of free-access to protected
unbranded seed known as “brown bag seed” in trade,
is more of generation of knowledge and experience that
is also shared along with shared seed on the variety’s
performance that comes as bonus to the registered
breeder who does not have to invest in laying out a
demonstration.

Conclusion

Thus, for a country with historical agriculture that is
the backbone of its culture and economics, it is most
essential to respect the rights traditionally enjoyed by
the farmers who are the custodians by heritage of the
plant and crop diversity as well as production through
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generations, while encouraging them to adopt new and
improved plant varieties in different crops with the aim
to improve their livelihood support systems and income.
The PPV&FR Act is thus, a balancing act to take care
of its humongous agrarian base.
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Climate-smart agriculture demands development of new crop varieties involving the use of
a wider range of intra-specific diversity so as to increase adaptability and resilience, and
improve ecosystem services. Indian agriculture is well served by availability of disease-
resistant or heat/drought tolerant. However, varietal development programmes, need to be
constantly fed by genotypes with excellent adaptation potential. The best way to identify
germplasm suitable for abiotic stress tolerance is to evaluate them based on specific traits.
The challenge is to prepare the genebanks to be climate-ready in terms of availability of
resilient germplasm accessions and planning and executing collection and conservation
activities. Genebank housed at ICAR-NBPGR, needs to consider working on systematic
identification of germplasm accessions that are multiple-stress tolerant using all possible
methodologies including climate-analogue studies and field/lab evaluation.

Introduction

Climate has been the most important determinant of
agricultural operations and yields in India. Indian
farming, with more than 50% area being rainfed, is
exposed to severe and multiple biotic and abiotic
stresses making it vulnerable to fluctuating climate.
Climate change makes Indian agriculture riskier and
unsustainable (Pathak, 2022). India is considered to be
one of the most vulnerable regions to witness climatic
changes at a large scale. The unseasonal rain, drought
and flood are rising while the duration of rainfall is
reducing (IPCC, 2019). It is well known that, if climate
goes wrong, Indian agriculture and consequently Indian
economy stare down the barrel. Reports show that the
changing climate can have multiple negative effects
(individually or in combination) including (i) decline
in yields of major crops by 3-18% (Naresh Kumar
etal., 2020); decline in cultivable area (e.g. rainfed rice
area to decline by 15- 40%); (iii) significant change in
areas of cultivation (e.g. coconut plantations to gain in
west-coast but lose in the east-coast); (iv) Significant
change in orchard altitude (e.g. apple belt shifts from
1250 msl to 2500 msl); (v) loss of economic product
(e.g. lower output in Assam tea and Arabica coffee);
(vi) reduction in quality of output (e.g. protein content
in wheat to decrease by 1%; Zn/Fe to lower in many
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food grains) (Pathak, 2022). It is also possible to have
some positive impacts of climate change viz. expected
yield gain due to elevated CO, level or increased arable
areas due either to water availability in hot dry areas or
to increased temperature in cold dry areas (Pathak, 2022).

Climate change exacerbates biotic stress faced
by Indian agriculture in terms of pest/pathogen load,
emergence of new strains and races, diminished scope
for change in sowing time, choice of varieties, change
in cropping systems and land use, etc. (Naresh Kumar
etal., 2020). Changing temperature regimes are expected
influence the interactions among plants-pests-natural
predators leading to excessive feeding on foliage,
additional generations and increased pest load on crops,
emergence of new invasive species (e.g., Asian fruit fly,
blackfly, American tomato moth, fall armyworm and
mango fruit borer) and intensified desert locust attack on
crops. India can face a silent attack on nutritional status
of low-income households because increased pests and
diseases on home gardens, which provide substantial
supplementary nutrition to rural families.

Indian Agriculture Needs to be Climate-smart

To address the emerging challenges and harness a
few benefits of climate change, Indian agriculture
needs to be climate-smart, which is defined as “an
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integrated approach for developing technical, policy and
investment conditions to achieve sustainable agricultural
development for food security under climate change”
(FAO, 2013). Technologies and policy options for
climate smart agriculture include weather (forecasting,
agro-advisory, geo-ICT delivery, eco-regional crop
planning), crop, water (increased efficiency in micro-
irrigation, rainwater harvesting, drainage and approaches
like direct-seeded rice), nutrient management, (site-
specific Integrated nutrient management, neem-coated
urea and bio-fertilizer), livestock (stress tolerant breeds,
reviving small ruminants, managing feed, shelter and
health), fisheries (composite/cage/wastewater culture
and diversification), energy (conservation agriculture/
protected cultivation, energy plantation), policy
(contingency plan, insurance, credit, incentivization,
seed bank) (Fig. 1, top frame) (Pathak, 2021). Among
these options, working with the “crops” option requires
access to plant genetic resources (PGR) in all their
forms (multi-stress tolerant and input-efficient varieties,
diversification, cultivation of new crops) (Fig. 1, middle
frame). Many other researchers have also identified
genetic solution to develop varieties that are inherently
robust and resilient.

When various strategies and technologies advocated
by experts were compared for their potential benefits to

Vulnerable Spots Pre-Adapted
for Collecting Accessions
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achieve climate smart agriculture in India, the genetic
resources-based technology —revolving around adoption
of new crops/development of stress tolerant varieties/
diversification —performed the best. Novel genetic
resources would infuse excellent adaption benefit,
productivity gain, income gain along with ease of
implementation and suitability to small farmers (Agrawal
et al., 2021).

PGR for the Rescue

On one hand, climate change may render cultivated crop
varieties and perennial trees inadequate to survive or
to be economically viable underscoring the importance
of access to PGR sources from different regions and
countries. For instance, after centuries of breeding,
wheat has a narrow genetic base making it difficult
to breed new varieties with increased yields tolerance
to biotic and abiotic stresses that are anticipated with
climate change. Genebank accessions and crop wild
relatives are potential sources of new genetic diversity
(Kumar et al., 2016). A systematic approach (including
pre-breeding) is required to identify suitable accessions.
On the other, climate change has brought the wild,
neglected and underutilized species into focus. Neglected
and underused crops are domesticated plant species that
have been traditionally used for centuries in India for

Evaluation

Fig. 1. Climate smart genebank an important prerequisite for achieving climate smart agriculture in India
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their food, fibre, fodder or medicinal properties, but
have been reduced in importance over time because of
preponderance of “green revolution” crops. Fortunately,
India has a number of such species distributed across
different agroecologies and habitats.

ICAR-NBPGR houses one of the top three genebanks
in the world. Many programmes on evaluating germplasm
to identify accessions tolerant to biotic stresses or
suitable for abiotic stress conditions. For instance, multi-
location evaluation of wheat germplasm conserved in
the Indian National Genebank to identify sources of
resistance to powdery mildew and resistance to rust and
spot blotch diseases (Kumar et al., 2016; Vikas et al.,
2020) was successfully carried out with funding from
NICRA funding of ICAR. However, such trait specific
evaluation studies are challenging because of large
number of accessions. Alternative approaches, including
genomics or climate analysis, to choose a small sample
for detailed studies need to be explored.

Climate Analysis of PGR

It is possible to link specific geographic origins of
germplasm accessions with current and future climatic
data. By effectively accessing and interpreting such
information, one could shortlist prospective germplasm
accessions that are pre-adapted (value addition to
genebank collections) to predicted changes in climate.
This approach could improve the resilience and capacity
of agricultural systems to adapt to environmental
changes in India. It also meant that germplasm collection
activities could be planned based on climate analysis
and identification of sites immediately vulnerable to
climatic changes (Fig. 1, bottom frame).

A pilot study carried out by NBPGR researchers has
presented realistic possibilities of the approach (NBPGR
2015). Passport information on 64,467 accessions
belonging to two each of cereals (rice and wheat), millets
(sorghum and pearl millet), pulses (pigeon pea and
chickpea), oilseeds (brassica and sesame) and vegetables
(capsicum and brinjal) were georeferenced based on
their collection sites and the locations were mapped.
Using climatic data from the Worldclim database for
current climate (1950-2000) and from UKMO HADCM3
Climate Model for near future (2010-2039), analyses for
the changes in the mean maximum temperatures during
the cropping season for each of the ten crop species
were carried out. Climate maps, depicting the possible
locations of germplasm occurrence on current and future

Indian J. Plant Genet. Resour. 35(3): 18-21 (2022)

Sunil Archak and Himanshu Pathak

temperature maps, could be generated for all the ten
crops. Based on locations (source and test sites), climate
matching, available agronomic performance data and
seed availability in the genebank, 12 wheat accessions,
875 rice accessions, 150 sorghum accessions, 822 pearl
millet accessions, 82 chickpea accessions, 43 pigeon pea
accessions, 99 accessions of sesame wild relatives,198
chilli-pepper accessions and 12 accessions of brinjal
wild relatives could be designated as pre-adapted. As
many as 2039 Taluks for wheat, 912 for rice, 593 for
pearl millet, 541 for sorghum (kharif), 1174 for sorghum
(rabi), 1445 for chickpea, 728 for pigeon pea 178 for oil
seed brassica, 912 for sesame CWR 616 for chilli-pepper
and 563 for brinjal CWR were predicted as vulnerable
and to draw immediate attention to conduct collection
missions.

Conclusion and Action Points

Genebanks need to leverage all the available tools and
technologies ranging from genomics to hyperspectral
analyses to maximize the identification of trait specific
germplasm for their immediate use. Climate-smart
practices will be well served with a bouquet of options
in terms of choice of germplasm and trait combinations.
Authors recommend the following actions in this regard:

1. Establish robust PGR databases and build PGR
analytics tools to link habitat data, climate data and
trait data.

2. Exploit the power of GIS to link multiple sets of
information.

3. Explore the power and potential of climate analog
tools for value addition to the conserved germplasm
as well as for the identification of vulnerable sites.

4. Coordinate with breeders and domain experts to plan
and implement experiments aimed at trait specific
evaluation for biotic stresses.

5. Establish standard procedures and infrastructure for
screening germplasm against abiotic stress factors.
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Introduction

This short paper is dedicated to celebrating the 80th
birthday of Dr RS Paroda, who has been champion
of the genetic resources’ conservation in India and a
strong supporter of the CGIAR genebanks, especially
the ICRISAT genebank that is named after him. This
team wishes him many more years to his healthy life.
This paper provides a high-level overview of the globally
coordinated system for plant genetic resources for food
and agriculture (PGRFA) conservation and sustainable
use under the framework of the United National Food
and Agriculture Organization (UN FAO). The paper
also considers the role that CGIAR Centers, particularly
their genebanks, have historically played within that
system, and how recent reforms to the CGIAR system
could influence the role it plays. Finally, the paper ends
with a few recommendations for further development
of the global system.

The Evolving Global System for PGRFA

For decades, under the auspice of the United Nations
Food and Agricultural Organization, the international
community has repeatedly committed itself to supporting
a globally coordinated system for the conservation and
sustainable use of plant genetic resources for food and
agriculture. Over time, there has been a gradual accretion
of international policies, standards, tools, and guidelines
adopted by UN FAO, and by other organizations, that
have formed a part of that global system. Some of the
most important developments in this regard were creation
of the FAO Commission on Plant Genetic Resources
and adoption of the International Undertaking on Plant
Genetic Resources for Food and Agriculture in 1983; and
the adoption of the International Treaty on Plant Genetic
Resources for Food and Agriculture (Plant Treaty) in

2001; adoption of the genebank standards, and revised
genebank standards in 1994 and 2014 respectively.!
These instruments create a platform for countries,
international organizations, crop and genetic resources
networks, and farmer, civil society and private sector
organizations to compare notes, coordinate activities,
hash-out contentious issues, develop best practices
and standards, and ultimately collectively contribute
to: increasing the scope of plant genetic resources that
are safely conserved, exchanged, and sustainably used;
increasing the quantity and quality of information about
those PGRFA that is globally, publicly available, and
increasing the equitable sharing benefits derived from
the use of PGRFA.

Since the earliest efforts under FAO to promote
a global system, the focus has tended to be on three
fundamental components: 1) an internationally linked
system of ex situ PGRFA collections; ii) creation of
a global information system comprising information
about those collections and iii) creation of a fund to
support strengthening of the capacity of developing
countries to play an active role in conserving and
using and benefitting from the PGRFA in the global
system. There has been comparatively little energy and
resources dedicated to in situ conservation and local
level management of plant genetic diversity as part
of the global system. Recent efforts to recognize and
promote Farmers Rights are starting to address these
lacunae, at least partially. Indeed, the 9th session of the
Governing Body of the Plant Treaty to be held in India
in September 2022 will consider (and we hope) adopt
a document entitled Options for encouraging, guiding,

1 Indeed, there are many relevant policies, guidelines and standards
adopted by the UN CGRFA and Governing Body of the Plant
Treaty to list here.
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and promoting the realization of Farmers’ Rights, and
develop a program to support implementation of those
options within countries over the next biennia.

There has also been comparatively little international
attention or resources dedicated — at the level of the
Plant Treaty’s Governing Body, or the UN FAO CGRFA
or FAO, more generally under the rubric of global
system, on supporting plant breeding per se. This may
be due to a perception that plant breeding is already
being effectively addressed and practiced by national,
international, public, and private sector organizations
(or the hope that it will be), or it could simply be a
reflection of the fact that supporting national, or sub-
regionally organized plant breeding programs has been
beyond the resource constraints of the UN FAO.

The Role of CGIAR within the Global System

The international community has gone to considerable
lengths to ensure that the CGIAR Centers and the
collections they host are part of the global system.
This is important given that these collections are
among the most genetically diverse, and most used, in
the world. In 1994, with the approval of the UN FAO
Commission on Plant Genetic Resources, FAO entered
into legal agreements with CGIAR Centers hosting ex
situ collections (the FAO-CGIAR In Trust Agreements)
to confirm the legal status of those collections as being
held in trust by the CGIAR Centers on behalf of the
international community, making them available without
restriction for conservation and agricultural research and
development. The Plant Treaty includes an invitation to
CGIAR Centers (in Article 15) to enter into agreements
with the Governing Body of the Plant Treaty to agree
to manage those collections under the Plant Treaty
framework, making materials available under the terms
and conditions of the multilateral system o access and
benefit sharing. In 2006, the Centers concluded such
Article 15 agreements and have been managing their
collections and taking policy advice from the Governing
Body ever since. The Centers’ genebanks act like global
PGRFA pumps, acquiring and conserving materials
from all over the world, and then redistributing it to the
recipients all around the world along with associated
information. In this sense, the Centers’ operations reflect,
and perpetuate, the interdependence of all countries in
the world on PGRFA. Those Centers currently conserve,
and make available, using the standard material transfer
agreement (SMTA), a total of 722,525 accessions of

Indian J. Plant Genet. Resour. 35(3): 22-27 (2022)

23‘ 52{,
()
.

crop, tree, and forage germplasm, as set out in Tables
1 and 2, below.

Table 1. PGRFA conserved and made available by CGIAR Centers’
genebanks pursuant to their Article 15 agreements with the
Governing Body of the Plant Treaty

Center Crop Accessions available with
SMTA

AfricaRice Rice 19,696
Bioversity Banana 1,682
CIAT Beans 37,934
Cassava 5,965
Forages 22,662
CIMMYT Maize 28,694
Wheat 135,021
CIP Andean roots and 1,178
tubers
Potato 7,367
sweet potato 6,143
ICARDA Barley 31,843
Chickpea 15,230
faba bean 9,594
Forages 25,358
Grasspea 4,301
Lentil 14,295
Pea 4,593
Wheat 41,967
ICRAF fruit trees 8,246

multipurpose trees 6,744

ICRISAT Chickpea 20,258
Groundnut 15,237
pearl millet 24,355
pigeon pea 13,534
small millets 11,683
Sorghum 42,750
IITA Banana 392
Cassava 3,184
Cowpea 17,051
Maize 1,561
misc legumes 6,747
Yam 5,929
ILRI Forages 3,918
IRRI Rice 127,413
Total 722,525

Source: Global Crop Diversity Trust/ CGIAR On-line Reporting Tool,
covering period up to December 31, 2021.
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Table 2. CGIAR Centers’ transfers of PGRFA with SMTAs, 2007 to 2021/22. PUD stands for PGRFA under Development

T T S I S 7 S T
AfricaRice 53,351 30,714 2007-03-05 2022-01-29
Bioversity 554 8,595 831 2007-01-24 2021-11-18
CIAT 3,077 298,291 36,646 2007-01-05 2022-02-24
CIMMYT 26,644 3,211,789 - 2007-03-16 2021-12-21
CIP 788 22,503 12,221 2007-01-19 2022-05-05
ICARDA 11,531 992,246 873,178 2007-02-13 2021-12-21
ICRAF 358 1,719 - 2011-09-03 2022-03-03
ICRISAT 6,048 297,367 100,532 2006-12-07 2021-11-26
IITA 1,172 48,891 2007-03-07 2022-02-09
ILRI 944 13,712 - 2007-02-22 2022-02-14
IRRI 9,317 764,594 441,382 2007-01-04 2022-02-09

Source: Global Crop Diversity Trust/CGIAR On-line Reporting Tool, covering period up to December 31, 2021

The CGIAR centers also host very important crop
and forage improvement programs focusing on a wide
range of species/genera, including maize, wheat, rice,
pigeon pea, cowpea, sorghum, finger millet, pearl millet,
barnyard millet, proso millet, kodo millet, little millet,
potato, cassava, banana, chickpea, lentils, barley, ground
nut, yam, potato, sweet potato, lathyrus, grass pea, etc.

PGRFA samples to recipients around the world under
the Plant Treaty’s framework (Table 2). The majority
of the PGRFA frequently requested and distributed
between 2017 and 2019 were traditional landraces/
cultivars (50%), followed by breeding materials (24%),
and wild relatives (13%) (Fig. 1). Eighty percent of the
materials were sent to recipients in developing countries.

the CGIAR Centers have distributed over 6 million

As far as regional distributions are concerned, the
largest percentage of materials from CGIAR centers
(29%) were sent to recipients in Asia; 19% distribute to

In the 16 years, since signing their Article 15
agreements with the Plant Treaty’s governing body,

Box 1. ICRISAT genebank case study

The germplasm supplied by CGIAR centers has played a critical role in supporting NARS crop
breeding programs and agriculture. To cite an example, the germplasm supplied by ICRISAT
Genebank, 114 germplasm accessions have been directly released as 153 cultivars in 52 countries.
Some of the germplasms released as cultivars have significant economic impact. For example,
ICP 8863, a pigeonpea landrace resistant to fusarium wilt was released in 1986 as Maruthi for
cultivation in Karnataka state of India. The value of benefits from ICP 8863 was estimated at US$
75 million by 1996 with 73% internal rate of return. The Crop Trust Impact story of direct germplasm
release of ICP 8863 https://www.genebanks.org/news-activities/news/maruti/.

Enhancing use of germplasm in crop improvement is an important research area where ICRISAT
genebank has played seminal role. Having recognized that less than 1% germplasm has been
used in most crop improvement programs, and development of core collections (10% of entire
collection) was not helpful where number accession was large, Upadhyaya and Ortiz, 2001 (Theor.
Appl. Genet. 102: 1292-98) postulated concept of mini core (10% of core or 1% of entire collection)
and proposed development process, to produce resources recognized globally as an “International
Public Good” (IPG). New diverse sources of genetic variation have been identified from mini core
collections of various crops for multiple traits including biotic and abiotic stresses, agronomic and
nutritional traits for use in crop improvement programs (Upadhyaya et al., 2013 — Crop Sci. 53:
2506-2517; Upadhyaya et al., 2014 — Crop Sci. 54: 679-693; Upadhyaya et al., 2019 — Agriculture
9, 121). These multiple trait diverse sources would be extremely useful in developing high yielding
climate resilient and nutrition rich crop cultivars with a broad genetic base and having greater
genetic gains.

Indian J. Plant Genet. Resour. 35(3): 22-27 (2022)
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Fig. 1. Types of germplasm distributed by CGIAR genebanks to all centers (a) and by the centers (b), 2017-2019
(Michael et al., 2020 - Plants, 9, 1296).

recipients in Africa; 19% to recipients in Europe, 14%
to recipients in Latin America and the Caribbean; 11%
in the Near East and 7% in North America. Transfers
from CGIAR Centers account for 89% of all reported
transfers under the Plant Treaty’s multilateral system of
access and benefit sharing. The germplasm distributed
through genebanks has been evaluated and released
as varieties after direct selection from the germplasm
(Box 1) as well as used as parents for crossing or sources
for important traits/genes.

The CGIAR works through partnerships, primarily
with national research and development organizations
in developing countries. As such, technology transfer,
capacity strengthening, information sharing, — all
important forms of non-monetary benefit sharing
associated with PGRFA — are built into CGIAR Centers’
modus operandi and reflected in their day-to-day
operations. In recent years, Centers have been asked to
report to the CGIAR System Office on how they have
been promoting Farmers’ Rights in particular in the
context of their day-to-day R&D activities. Highlights
are included in the Centers’ biennial reports to the Plant
Treaty, and in the annual CGIAR Intellectual Asset
Management reports.

Recent CGIAR Reforms

The CGIAR is currently in a system-wide reform,
including the development of a ‘One CGIAR’ governance
arrangement, aiming to increase efficiency and
effectiveness in response to evolving global challenges
(Fig. 2). As part of those reforms, CGIAR adopted
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‘CGIAR 2030 Research and Innovation Strategy:
Transforming food, land, and water systems in a
climate crisis’. Under the new governance structure,
most research and development initiatives working
directly with genetic resources for food and agriculture
(including the work of genebanks, breeding programs
and seed systems R&D) take place under ‘Genetic
Innovation’. This arrangement is conceived to getting
faster reflections/ feedback/ participation from leaders
who collaborate across research groups, and from
top CGIAR leadership on important evolving issues,
including CGIAR genetic resources management policies.
In situ conservation and dynamic in situ/ex situ PGRFA
conservation are still not explicitly integrated into the
work of the Genebank Initiative. Some such work
is included in the Initiative entitled Nature Positive
Solutions, but one could argue that more targeted
support - including strong involvement of NARS would
be useful and justified.

The ‘OneCGIAR’ reform process has involved
considerable realignment and integration of the
governance and operational structure of the CGIAR
System overall, but the CGIAR Centers will maintain
their legal status as independent legal entities in their
own right, and that their Article 15 agreements with the
Governing Body of the Plant Treaty will remain in place.
CGIAR considers the ‘in trust’ plant genetic resources
maintained by the CGIAR genebanks to be of inestimable
value for the international community. CGIAR remains
committed to supporting the continued management of
collections hosted by International Agricultural Research
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Fig. 2. One CGIAR Research Initiatives

Centers (IARCs), including within ‘OneCGIAR’ under
the framework of the Plant Treaty.

Although CIFOR-ICRAF and ICRISAT have
not adopted for ‘OneCGIAR’ unified governance
arrangements at this time, they remain CGIAR Centers
that hold Article 15 agreements with the Plant Treaty’s
Governing Body. ICRISAT and ICRAF will continue to
ensure their genebanks are operated and maintained as
per international standards. ICRISAT and ICRAF will
continue to conserve the germplasm for the international
community, under the auspices of the UN FAO and
the Plant Treaty, as per the agreements signed in 1994
and 2006, and will continue to deliver their missions
to international agriculture, food systems and landscape
stewardship.

One of the consequences of opting out is that
these Centres do not have access to the same financial
support from the OneCGIAR Trust fund as Centers that
have joined the OneCGIAR governance arrangement.
Funding from the Crop Trust, however, is not affected
by the OneCGIAR reform. Alternative sources of
funding are actively being sought as well as additional
funds from the Global Crop Diversity Trust (Crop
Trust). The long-term grants already in place with nine
CGIAR Centre genebanks continue to provide funding
for genebank operations. In addition, as genebanks
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reach performance targets they become eligible for a
larger Long Term Partnership Agreement (LPA), which
provides enough funding to cover all essential genebank
operations. [CRISAT is among a number of international
genebanks that are approaching eligibility for an LPA.
ICRISAT, CIFOR-ICRAF and the CGIAR senior
leadership are also engaged in discussions to work out
the conditions for future cooperation, coordination, and
mutual supportiveness. ICRISAT and CIFOR-ICRAF
continue to be international institutions and CGIAR
Centers. Their long-standing Article 15 agreements with
the Plant Treaty’s governing body are not affected.

Going Forward in the Context of an Expanding,
more Efficient, Global System

Moving forward in the further evolution of the
global system, it will be important for all article 15
organizations and other international institutions hosting
PGRFA under the Plant Treaty framework to work
more closely together, developing stronger network
ties, to enhance their collective contributions. These
organizations include CGIAR Centers inside and
outside the new OneCGIAR governance arrangement,
International Center for Biosaline Agriculture, FAO
Mutant Germplasm Repository, International Coconut
Genebank for the South Pacific, International Coconut
Genebank for African and the Indian Ocean, International
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Cocoa Genebank — Centro Agronomicao Tropical de
Investigacion u Ensenanza (CATIE), Centre for Pacific
Crops and Trees (CePACT), World Vegetable Center,
and SADC Plant Genetic Resources Center (SPGRC).

Efficient functioning of the global system will also
depend on stronger linkages and better-defined sharing
of responsibilities for all actors including national
and international collection holders, and organizations
involved in promoting in situ conservation and sustainable
use. As part of that effort, we flag the following important
initiatives:

e Coordinated analysis of gaps in globally accessible
national and international collections

o  Work on the West and Central African regional hub
(possibly other hubs)

e Global Plant Cryopreservation Initiative

e Participation in the Crop Trust’s Global Genebank
Partnership,

Indian J. Plant Genet. Resour. 35(3): 22-27 (2022)
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Capacity building for a much wider range of actors
to both conserve, access and to use PGRFA and
related information for addressing pressing local
to global challenges including climate change, and
nutrition deficits

Promote development and operationalizing a more
supportive policy environment through enhancement
of the Plant Treaty’s multilateral system of access
and benefit sharing, and mutually supportive
implementation of the Plant Treaty, Nagoya Protocol,
IPPC, etc

Contribute to international discussions/negotiations
with respect to setting targets for, and monitoring,
biodiversity conservation, generating and sharing
benefits (and monitoring that sharing) through the
use of digital sequence information

Developing pangenebank (IARC and NARS
genebanks) unified collections using high throughput
genomics approaches
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Genebanks preserve the valuable genetic diversity in the form of huge collections of plant genetic resources
(PGR). Dr Raj S. Paroda has spearheaded the modernization of one of the world’s largest genebanks, the
ICAR-National Bureau of Plant Genetic Resources (NBPGR), New Delhi, India, which currently houses nearly
462,466 accessions. Dr Paroda’s notable contributions in the field of PGR management have earned him the
popular name of “Genebank Guru”. As Dr Paroda turns 80 on August 28, 2022, we commemorate the occasion
by synthesizing an article in line with Dr Paroda’ forward-thinking vision for PGR management and utilization.
The present article highlights how modern genetic technologies have expanded our capacity to characterize and
exploit the unexplored genetic diversity from genebanks. Extensive molecular and phenotypic characterisation
support efficient strategies to minimize large PGR collections to workable sizes, thus allowing targeted search of
plant diversity for sustainable agriculture. As the technological innovations transform genebanks into “bio-digital
resource centres”, availability of detailed genotype-phenotype maps and genomic predictions for large PGR
collections will guide selection and breeding decisions in crop improvement programmes. Effective preservation
and use of PGR collections is imperative to impart climate change adaptation to crop production systems and

safeguarding our future food supply.

Key Words: Accession, Genebank, Genome, Phenotype, Plant genetic resources, Trait

Introduction

Plant genetic resources (PGR) habour genetic variation
that serves as raw material for breeding and selection
decisions in crop improvement programmes. Padma
Bhushan Dr Raj S. Paroda [Chairman, Trust for
Advancement of Agricultural Sciences (TAAS) and
Former Secretary DARE & DG, ICAR] has played a
pivotal role in transformation of Indian national PGR
system, represented by the ICAR-National Bureau of
Plant Genetic Resources (NBPGR), New Delhi. To
recognize his immense contribution in the field of PGR
management, two genebanks have been named after
him: ‘RS Paroda Genebank’ at ICRISAT (https://www.
genebanks.org/genebanks/icrisat/) and genebank at the
Agricultural Research Institute in Kazakhstan.

In recent years, evolving DNA sequencing and plant
phenotyping have facilitated detailed characterisation
and evaluation of PGR. For instance, we recently
sequenced the genomes of 3,366 chickpea accessions from
‘RS. Paroda Genebank’ and provided genomic variations
and haplotypes for future chickpea improvement

*Author for Correspondence: Email-rajeev.varshney@murdoch.edu.au

Indian J. Plant Genet. Resour. 35(3): 28-33 (2022)

(Varshney et al., 2021). Conforming to the vision of
Dr Paroda, our article discusses how technological
developments have enhanced efficiency of PGR
management and their use in plant breeding and research.
We begin with presenting a brief overview of major
germplasm holdings across the globe. We then discuss
the role of evolving DNA sequencing/genotyping
and phenotyping systems in developing strategies
for sustainable use of PGR. We also underscore the
importance of targeted collection of under-represented
germplasm from “hotspot” regions to bridge the
conservation gaps in genebanks.

Germplasm Holdings Across Major Gene-
banks Worldwide

Protection of plant genetic diversity is essential to
sustainable increase in crop production and food
security. EX situ collection constitutes the major form of
germplasm conservation that aims to conserve germplasm
in controlled environments, away from their native
habitats. An alternative germplasm conservation strategy
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stores accessions in situ in their natural habitats, allowing
creation of new genetic variation because of continuous
evolution. The growing realization of the urgent need of
protecting genetic diversity for sustainable future has led
to the establishment of the Svalbard Global Seed Vault
by the Government of Norway (https://www.seedvault.
no/). As a backup facility to the world’s crop diversity,
the global seed vault currently secures 1,165,041 seed
samples from different genebanks including ICRISAT
(Fig. 1 a, b).

According to the Second Report on The State of
the World’s Plant Genetic Resources for Food and
Agriculture, a total of 7.4 million accessions are preserved
in 1,750 genebanks worldwide. The 11 genebanks under
the Consultative Group on International Agricultural
Research (CGIAR) network contain 773,112 accessions.
Though the accessions held in CGIAR genebanks
represent 10% of the total accessions, the CGIAR network
accounts for nearly 94% total germplasm shared in line
with the International Treaty on Plant Genetic Resources
for Food and Agriculture (ITPGRFA) framework.
The Convention on Biological Diversity (CBD) and
ITPGRFA constitute the mechanism of germplasm
exchange across the globe. Besides, several national
repositories also conserve germplasm accessions that
protect genetic diversity for current and future use of
breeders, researchers, farmers and other stakeholders.
The other major national repositories National Plant
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Germplasm System (NPGS), USA; ICAR-National
Bureau of Plant Genetic Resources (NBPGR), India;
Institute of Crop Germplasm Resources (ICGR)-
Chinese Academy of Agricultural Sciences (CAAS),
China; N.I. Vavilov All Russian Institute of Plant Genetic
Resources (VIR), Russia; National Agriculture and Food
Research Organization (NARO), Japan; Leibniz-Institute
of Plant Genetics and Crop Plant Research (IPK),
Germany; and Canadian National Plant Germplasm
System (CNPGS), Canada collectively hold 2,282,718
accessions. The ICAR-National Bureau of Plant Genetic
Resources (NBPGR), India represents the second largest
genebank in the world that currently houses 462,466
accessions (http://www.nbpgr.ernet.in/Research_Projects/
Base Collection_in NGB.aspx).

Generation of Molecular Data on Large-scale
Collections

Advancements in DNA sequencing technologies have led
remarkable expansion in our capacity to perform in-depth
molecular characterization of large PGR collections. In
different crops, tens of thousands of genetic markers have
been assayed on large PGR collections to elucidate the
vast amount of genetic diversity they contain. Earlier,
simple sequence repeat (SSR) markers were used to
examine the genetic diversity of genebank accessions.
For instance, the analysis of genotyping data and genetic
structure of a total of 3,367 accessions from global

W

Fig. 1. a) Entrance to the Svalbard Global Seed Vault and b) Transferring seed boxes containing seeds of ICRISAT crops to the

Seed Vault (Prof Rajeev Varshney and Dr Hari D Upadhyaya, the then Research Program Director- Genetic Gains, and Head,
Genebank, respectively at ICRISAT).. The global seed vault stores 1,165,041 backup seeds of 5947 species from 91 genebanks.
The global seed vault provides seed backups of world’s several genebanks. ICRISAT has deposited nearly 90% of its genebank

seed as backup in the vault.
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Table 1. Characterization of diverse germplasm collections based on whole genome sequence information in some crop species

Landraces

Wild Others Reference

Total accessions Cultivated

sequenced
Chickpea 3,366 548 2,439
(Cicer arietinum) 429 144 268
Pigeonpea 292 117 166
(Cajanus cajan)
Soybean 2,898 1,747 1,048
(Glycine max) 1,110 228 723
Sunflower 493 287 17
(Helianthus annuus)
Common bean 683 154 529
(Phaseolus vulgaris)
Pearl millet 994 963 -
(Pennisetum glaucum)
Rice 3,010 3,010 -
(Oryza sativa) 1,143 1,143 )
Maize 103 60 23
(Zea mays)
Lettuce 445 131 -
(Lactuca sativa)
Sorghum 44 17 18
(Sorghum bicolor)
Tea 81 58 20
(Camellia sinensis)
Cotton 419 419 -
(G L) 318 271 35
Grape 472 329 -
(Vitis vinifera)
Spinach 305 295 -
(Spinacia oleracea)
Tartary Buckwheat 510 - 478

(Fagopyrum tataricum)

composite germplasm collection represented majorly
by landraces (89.5%) with 41 SSR markers allowed
formation of ‘Reference Set’, a smaller representative
subset of accessions for future use (Billot et al., 2013).
A paradigm shift in marker genotyping assays and
sequencing technologies has reflected in genetic profiling
of plant genotypes (Garg et al., 2021). Table 1 shows
the examples of genetic profiling large number of
accessions as elucidated by whole genome resequencing.
Next generation sequencing (NGS)-based methods
based on reduced representation are particularly suitable
for genetic profiling of large genebank collections.
Notable examples include genetic profiling of 21,405
IPK barley accessions including domesticated and wild
barley using genotyping-by-sequencing (GBS), thus
revealing genetic variations in the form of 171,263 SNPs
(Milner et al., 2019). Detailed genetic profiles of PGR
offer opportunity to understand the molecular basis of
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195 184 Varshney et al., 2021
7 10 Varshney et al., 2019
7 2 Varshney et al., 2017a
103 - Liuetal., 2020

157 2 Bayer et al., 2022

189 - Hiibner et al., 2019

- - Wu et al., 2020

31 - Varshney et al., 2017b
- - Wang et al., 2018

- - Lvetal., 2020

19 1 Chiaetal., 2012

314 - Wei et al., 2021

7 2 Mace et al., 2013

3 - Xia et al., 2020

- - Maetal., 2018

12 - Fang et al., 2017

143 - Liang et al., 2019

10 - Caietal., 2021

32 - Zhang et al., 2021

crop domestication and evaluation. The high-density
genotyping datasets can be combined with historical
evaluation records to develop genotype-phenotype
maps for the PGR collections and genetically dissect
the variation in agriculturally important traits using
genome-wide association studies (GWAS). Examination
of the genetic similarities based on genome-wide marker
data may help revealing the redundancies within and
between collections besides aiding in identification of
collection gaps and mislabelling of biological status
in the historical records in genebanks across the globe
(Bohra et al., 2022a). Recent genome sequencing of
3,366 chickpea accessions allowed identification and
correction in labelling of the chickpea accessions ICC
16369 (Varshney et al., 2021). The mislabelling of
ICC 16369 as cultivated was evident owing to the
presence of wild-specific allele of the SHATTERPROOF2
homolog.
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Next-generation Phenotyping to Assist PGR
Characterization

Characterization and evaluation of PGR is crucial to
realize their true potential for genetic research and
breeding. Plant phenotyping has always remained a great
challenge in crop management and improvement. The
traditional methods of monitoring phenotypic changes in
plant morphological traits are cumbersome, destructive,
costly, and inaccurate. Furthermore, the substantial
influence of genotype X environment interaction
on phenotypic expression challenges the efficacy
of the traditional methods of PGR characterization
and evaluation. In recent years, advances in imaging
and sensor technology have enabled automation
of measurements of anatomical, physiological and
biochemical changes in plants. Availability of such high-
trhoughput phenotyping platforms have facilitated rapid
plant phenotyping at different growth stages in accurate,
cost-effective and non-invasive manner. Different
kinds of imaging platforms including RGB, thermal,
fluorescence, laser scanning, tomography, multispectral
and hyperspectral offer plant phenotyping at varying
scales i.e. microscope, laboratory, glasshouse, field and
satellite (Nguyen et al., 2022). Several national (https://
www.plantphenotyping.org/; https://www.plantphenomics.
org.au/) and international networks (https://www.plant-
phenotyping.org/) have been established across the globe
to allow scientists/stakeholders in academia and industry
accessing cutting-edge tools, facilities and analytics
of plant phenomics. In the wake of growing sequence
information, the acquisition of high-quality data opens
exciting avenues for identification of beneficial alleles
preserved in the large genebanks. Association of the
high-throughput phenotypes with genetic loci has been
demonstrated in various crops including rice, wheat,
maize, barley, soybean, sorghum, cotton, rapeseed etc
(Xiao et al., 2022).

Enhancing PGR use for Future Genetic
Research and Crop Improvement

Generation of Trait-specific Subsets for Efficient Use

Huge collections of PGR accessions held in genebanks
are the reservoir of valuable traits, which may be essential
to impart climate adaptation and stress tolerance to
future crop varieties. For example, Isleib et al. (2001)
documented the economic value of the tomato spotted
wilt virus (TSWV) resistance introgressed from PI
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203396 into peanut (Arachis hypogaea) cultivars in
the USA, which amounted to more than $200 million
annually. Despite this, the use of PGR from the large
genebank collections remains limited largely to the
poor morphological and molecular characterization
of the germplasm. Less than 10% of the germplasm
accessions held in genebanks have been used so far in
breeding programs (Nguyen and Norton 2020). Lack of
trait-specific subsets of crop germplasm has also been a
major limitation in the selection and use of appropriate
accessions in pre-breeding and varietal development.
Strategies based on the development of manageable
germplasm diversity subsets have been proposed to
enhance the use of PGR from genebanks. Brown’ core
collection concept aimed to capture 70% diversity in a
smaller collection comprising 10% of the total accessions.
Core collections have been developed in various crops
including rice, maize, wheat, soybean. Later, the concept
of mini core collection gained popularity given the fact
that the size of core collections still poses challenge
in terms of evaluation and management, especially
in crops having large germplasm holdings (Anglin
et al., 2018). Phenotyping data in combination with
genetic information has allowed construction of mini
core collections comprising 1% of the total accessions
in different crops including chickpea, pigeonpea, and
several other crops of semi-arid regions.

Another strategy for efficient use of large PGR
collection is the focused identification of germplasm
strategy (FIGS) that uses environmental information for
customization of the germplasm sets to a workable size
(Bhullar et al., 2009). FIGS is based on the premise that
suitable germplasm for adaptive traits can be sampled
from the sites experiencing selection pressures for the
particular trait (Bohra et al. 2022b, ¢). In wheat, authors
could narrow down on 1,320 landraces from the large
collection of 16,089 accessions through focusing on
323 geographic sites having strong selection pressure
for powdery mildew (Bhullar et al., 2009). This FIGS-
customized set of wheat facilitated targeted search for
useful genetic variation for the resistance (Pm3 gene)
against powdery mildew disease. More recently, Haupt
and Schmid (2020) made ‘trait-focused’ panels of 183 and
366 accessions in soybean for environmental adaptation
by combining core collection and FIGS in a collection
of>17,000 accessions, representing introduced landraces
from the USDA Soybean Germplasm Collection. A
combination of targeted approaches could prove highly
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useful for identification of functional diversity for
adaptation traits.

Genomic Predictions to ‘“Turbocharge’ Genebanks

Availability of genotype and phenotype data on
germplasm sets may help train prediction models to
compute the genetic worth of millions of accessions
archived in the genebanks. Genomic selection bypasses
the need of repeated phenotyping, and predicts the worth
of an unobserved individual based on the models trained
on individuals having both genotype and phenotype
scores. Yuetal., 2016 recently demonstrated a proof-of-
concept for genomic prediction as a promising strategy
to aid selection and breeding decisions. The high density
GBS genotyping enabled molecular characterization of
sorghum reference set comprising 962 accessions with
340,496 single nucleotide polymorphisms (SNPs). The
authors selected a set of 299 accessions as training
population to predict yield of the 633 untested lines of
the reference set. The study recorded high prediction
accuracies for the untested lines of the reference set and
a200-accession validation set. Relatively poor prediction
accuracies for an independent set of 580 exotic sorghum
accessions suggested less representation of alleles
from exotic lines in the training population derived
from the reference set. The advances in genotyping
and phenotyping would help extending the genomic
prediction strategy from small subsets of accessions to
whole genebank collection to enable efficient use of PGR.

Analysis of the Existing Gaps to Inform Future
Collections

A systematic analysis of the representativeness of
different taxa and species distributions in large ex
situ collections is required for identification of the
critical conservation gaps and setting of collection
priorities (Ramirez-Villegas et al., 2010). Advances in
Geographic Information Systems (GIS) technologies
have supported conservation planning efforts. With the
help of GIS-modelled distribution, Ramirez-Villegas
et al. (2010) identified Phaseolus wild relatives that are
underrepresented in €X Situ collections and the authors
suggested ‘hot spot’ regions that should be targeted for
future collection of high-priority germplasm.

Conclusions and Future Directions

Approaches to accessing the suitable germplasm
are greatly benefited by the growing acquisition of
molecular information and phenotyping data on large-
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germplasm collections. Extensive phenotypic and
genetic characterization will be crucial to unlock the
full potential of PGR held in genebanks via revealing
the genomic regions controlling traits that are important
to biotic and abiotic stress adaptation (Haupt and
Schmid, 2020). The high-volume and complexity of
the phenotyping data offers a new set of challenges in
analysis; such as the need for data/image processing
algorithms to analyse the data acquired from various
imaging systems. The adoption of the new-generation
plant phenotyping will rely on standardization of the
high-volume datasets, which in turn highlights the
growing requirement of new digital datasets to remain
adhered with the guidelines or the checklists provided
in the Findability, Accessibility, Interoperability,
and Reuse (FAIR; https://www.go-fair.org/fair-principles/)
and Minimum Information About a Plant Phenotyping
Experiment (MIAPPE; https://www.miappe.org/). The
rising availability of big data on PGR resulting from latest
innovations in genetic and phenotyping technologies
poses new challenges in terms of networking and
equitable sharing of the resources and information. In
this context, coordinated efforts are needed to address
the access and benefit sharing issues particularly in
relation to the developing countries.
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Introduction

Plant genetic resources (PGR) is the term used to refer to
any plant material containing functional units of heredity
of actual or potential value (UNEP 1992). PGR include
cultivated varieties (extant and obsolete), landraces,
wild and weedy crop-related species and all other
potential sources such as breeder’s lines, populations
and mutants. PGR are, thus, the raw material of crop
improvement — traditional or molecular plant breeding
or genome editing. There is global interdependence on
PGR as no nation is self sufficient (Table 1). Hence,
sharing/exchange of PGR is of paramount importance in
securing sustainable food, fibre, fuel, nutrition, health,
livelihood, environmental security, etc.

Genebanks are institutions conserving PGR ex situ,
making them available for current use as well as for

posterity. In fact, genebanks carry out a host of operations
including exploration and collecting, characterization and
evaluation, import and quarantine, etc. Therefore, experts
refer to genebanks as genetic resources centres. Such
centres have a responsibility of helping users identify
and obtain the most suitable material. Most genebanks
provide web-based access to accession level and trait
level information about the collections. Systematically
organized information has dramatically improved the
task of identifying desirable material and eventually
potential use of PGR in research.

Prior to the implementation of CBD, the biodiversity
was considered as common heritage of mankind and
exchange of PGR was unrestricted and facilitated.
Subsequently, however, accessing PGR for use has
become increasingly challenging. Reasons include:

Table 1. Top providers and recipient countries based on germplasm shared from CG genebanks between 1985-2009 (from Galluzzi et al., 2016).

Total samples provided
India 188,911 48,635 144
Peru 67,899 16,216 158
Ethiopia 40,143 13,683 120
United States 36,652 6294 156
Iran 29,829 9779 87
Turkey 29,579 9634 83
Syria 26,029 7487 78
Sudan 24,262 3457 61
Philippines 21,626 4016 109
China 18,559 7225 125
India 284,454 115,849 181
United States 45,992 39,963 178
China 33,690 18,664 151
Ethiopia 28,863 17,572 150
Australia 20,218 17,566 150
Japan 17,628 12,022 141
United Kingdom 17,231 14,283 144
Morocco 16,362 14,618 97
Philippines 16,332 8798 107
Iran 13,083 12,301 135

*Author for Correspondence: Email-plgautam47@gmail.com
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(i) increased awareness about the value of PGR;
(ii) global agreements aimed at facilitating access and
benefit sharing have ended up restricting access (e.g.,
Convention on Biological Diversity, CBD; International
Treaty on Plant Genetic Resources for Food and
Agriculture, ITPGRFA); (iii) increased compliance
with the phytosanitary measures related to PGR
movement (The Commission on Phytosanitary Measures,
CPM; Sanitary and Phytosanitary Agreement, SPS);
(iv) national legislations concerning import and use of
genetically modified organisms; (v) increased footprint
of private seed industry with IP protected cultivars.
India responded with legislating and institutionalizing
the PGR access and exchange process (Fig. 1). By the
turn of the century, these regimes in combination have
made it rather complicated to obtain and use the genetic
resources.

New Technologies and New Restrictions?

Post-CBD era has witnessed fast and intense technological
developments in plant biology and agricultural research

Protocol
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led by genomics. Accessibility to huge amount of DNA
sequence data in the public domain, computational ability
to store and mine big data, availability of genome editing
technologies inter alia have made it practically possible
to use PGR in a dematerialized manner. Consequently,
international forums —including CBD and the Nagoya
Protocol, ITPGRFA and the FAO Commission on Genetic
Resources for Food and Agriculture, PIP Framework of
WHO - are deliberating on Digital Sequence Information
(DSI), its definition and access and benefit-sharing
aspects of DSI. There could be serious implications on
the access and benefit-sharing of PGR (Brink and van
Hintum 2022).

Countries have option to consider DSI-PGR to
be in scope of the Nagoya Protocol (bilateral access
and benefit-sharing systems), either by mentioning the
inclusion of DSI in their legislation. As a consequence,
access to and use of DSI from this country may not be
free anymore (in principle at least), as potential users are
bound by the national laws of the country irrespective
of global agreements. A study by CBD shows that

Access &
exchange

[TPGRFA
2004

Cartagena
Protocol

2003

Fig. 1. International agreements and Indian institutions involved in access to PGR and their exchange
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many countries are considering including DSI in their
access and benefit-sharing legislation (https:/www.
cbd.int/abs/DSI-peer/Study4 domestic_measures.pdf).
This might mean the need of country-labels for DSI on
genetic resources uploaded in public databases to ensure
compliance, a serious challenge for implementation. Add
to that country-shopping for PIC and MAT. Alternative
scenarios have also been proposed where access is free but
benefits are shared with the specific provider countries of
the genetic resources to which the DSI applies (including
application of blockchain technology or commons
licenses). Following a multilateral system can avoid
tracking and tracing as well as country-shopping by
decoupling access and benefit-sharing. Access continues
from public databases and benefits are shared through
a multilateral fund via say subscription systems. In
contrast, countries argue that DSI should be kept out of
the Nagoya Protocol or ITPGRFA jurisdiction by not
including DSI in the definition of genetic resources. As
a result, no specific monetary obligations are connected
to the access to or utilization of DSI. Supporters of this
option argue that free availability of information in itself
is a form of benefit-sharing. “Open access” to valuable
information from indigenous accessions is practically
equivalent to “PGR being heritage of mankind” and
against the premises of CBD — sovereign ownership.

The DSI conundrum reiterates the fact that national
policy and legislation affecting plant genetic resources
should support both international obligations and national
objectives (Engels et al., 2000). Countries have been
unsuccessful to achieve a consensus on DSI either at
CBD or at ITPGRFA for lack of clarity and practical
examples. However, keeping India’s interests in mind
and respecting the international obligations, authors
recommend that India consider the following:

i.  Continue DSI negotiations under the aegis of
ITPGRFA for crop genetic resources rather than
opting for Nagoya option;

ii. Decouple access and benefit-sharing; safeguard
open access to researchers from public databases
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and ensure that benefits are shared through Treaty
multilateral fund via subscription systems.

India is at a critical juncture with respect to PGR
policy options. Failing to comprehend the enormity of
the state of affairs and forsaking proactive approach
will be disastrous to the PGR stakeholders. Following
activities may be prioritized:

Action Points

1. Harmonization of legislations and cross-talk between
institutions regulating PGR access (e.g., National
Biodiversity Authority, Protection of Plant Variety
and Farmers’ Rights Authority, Indian Patent Office,
National Bureau of Plant Genetic Resources (along
with focal point in the Ministry of Agriculture) to
minimize paperwork and expedite access (supply,
import, statutory approvals).

2. Build a policy for digitalization of import permits,
MTAs, release and feedback process; Provision of
click wrap MTAs for germplasm supply.

3. Building bilateral and regional processes (with policy
support) within a multilateral system for effective
exchange of PGR of common interest.

4. Awareness generation among stakeholders as well as
capacity building of PGR researchers in PGR policy
issues and procedures including recent developments
such as DSI.
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Western Ghats: Region with Outstanding
Universal Value for Biological Diversity

India harbours four of the 34 hotspots of biological
diversity of the world. The Western Ghats, a rolling
ribbon of mountains spread along the Southern-Western
part of India, is regarded as one of the world’s eight
‘hottest hotspots of biological diversity’. Geologically,
it is older than the Himalayas. This mountain range
contains unique flora and fauna and is declared as one
of Worlds” Natural Heritage Sites by the UNESCO.
The Western Ghats of India is also a rich repository of
about 5000 species of flowering plants; over 200 tropical
edible fruit species, 200 undomesticated vegetable species
and also well-known for harbouring a rich variety of
medicinal plants and wild relatives of crop plants. It is
regarded as the “world’s best pharmacy” as it supports
several coded systems of local health traditions. The
agro-forestry systems of the Western Ghats have some
of the most amazing diversity of tropical fruit trees
(Vasudeva et al., 2015).

Forest Genetic Resources of the Western Ghats
and its Valuation

Forest Genetic Resource (FGR) is a component of the
genetic diversity which is of actual or potential use either
for production systems or for the ecosystem functioning
in a forest. Conservation of FGRs is fundamental to the
sustainable and productive management of the forest
ecosystems. Genetic diversity occurs at various levels

of organization from the ecosystem, their sub-specific
populations, and individual genotypes to the molecular
level, of the gene. Hence, it is essential that all levels
of genetic diversity be considered in the utilization and
conservation prioritization process.

Although the economic value of the products derived
from forest genetic resources (e.g., NTFPs, genes for the
development of new crops and bio-molecules as a source
for the development of new drugs) is difficult to assess,
their value has been estimated to touch many billions of
dollars annually (Vasudeva, 2016). One of the earliest
rough estimates of global value of the myriad uses of
genetic resources was at US § 500 to 800 billion (Kate
and Laird, 1999). The volume of global medicinal plants
market has been estimated at US$ 60 billion per year,
growing at a rate of 7% annually. Global demand for
herbal products, mostly derived from forest ecosystems
in recent years has experienced a quantum jump in
volume of plant material traded within and outside the
countries of origin. Further, globally, NTFPs generate
social benefits and play an important role to improve
livelihoods of local communities which are involved in
their harvesting, processing and trade.

Further, the forest ecosystems contain many
potentially useful new resources. Genetic resources
derived from forest ecosystems represent a rapidly
growing and highly promising source of new drugs,
agricultural products, and other fruits of biotechnology.
For instance, ants found in forests may provide novel
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antibiotics that are important for human medicine, silk
from spiders may provide the lightest but high tensile
fibre which may be stronger weight-for-weight than
steel, etc (Kate and Laird, 1999). Services provided
at free of cost by forest ecosystems around the globe
are benefiting humankind. Examples include oxygen
production, climate control by forests, nutrient cycling,
water purification, natural pest control, and pollination of
crop plants. In 1997, these services were valued at US$
33 trillion per year, almost double the US$18 trillion
annual global national product.

Converting Biodiversity into the Biological
Resources: Prerequisite for Utilization

Today biological diversity of a country is regarded as
its “resource capital”. Understanding spatial distribution
of this plant resource is a prime pre-requisite for its
conservation and sustainable utilization. Unfortunately,
primary data on quantitative estimates of the resources,
their geographical spread and the levels of regeneration in
their natural habitats did not exist even for an important
eco-region such as the Western Ghats till recently.

Further, the impact of unscrupulous extraction of
some of these resources is also not very well understood.
Earlier work on understanding the occurrence and
distribution of plant resources are scanty, isolated
and never done adopting a uniform sampling strategy
throughout the Western Ghats at a fine geographic
scale. Hence there was a critical need to map the plant
resources at local, regional and national levels throughout
the country adopting uniform sampling strategy and
develop a database.

In this context, mapping of these resources
reflecting the spatial distribution would greatly help in
understanding their structure and dynamics in natural
habitats, allow assigning conservation values of different
sites/recognizing hotspots of plant diversity within an
eco-region, and eventually in formulating strategies for
sustainable utilization of plant resources (Ganeshaiah,
et al., 2012). Most importantly this would also offer a
perspective on the economic value of forest resources
in the Western Ghats.

Realizing this importance, National Bio-resource
Development Board (NBDB), of the Department of
Biotechnology, New Delhi commissioned a national
initiative which broadly aimed at: a) quantitatively
assessing the geographic distribution and population
status of the plant resources of the Western Ghats,
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b) identifying the threats to these plant resources and c)
setting up a Western Ghats eco-region specific database
of plant resources (Ganeshaiah, et al., 2012).

The programme also aimed at developing thematic
maps of the density and distribution for all the
economically important species along the Western
Ghats as well as analyzing the spatial and temporal
patterns of change in specific plant resources along the
Western Ghats. A survey of 3132 grids, each of 6.25 km
X 6.25 km geographical area along the Western Ghats,
undertaken in the project period perhaps represents
one of finest-scale vegetation surveys of any hotspot
of biological diversity in the world. This is the largest
primary data ever assembled on the Western Ghats
vegetation in the Indian history which can be accessed
at https://betaibin.iirs.gov.in. A total of 3132 kilometer-
transects of grueling field work spreading across six
states has been undertaken. The overall gamma diversity
for the entire Western Ghats eco-region as computed
by Shannon’s diversity was at 5.31 (Ganeshaiah, et al.,
2012). However, there is a critical need to map and
generate such fine scale spatially explicit big-database
on the agro-forestry resources of the country.

Novel Approaches Conserve Forest Genetic
Resources

Central to the genetic resource utilization and conservation
is the maintenance of sufficient inter and intra-specific
genetic variability. However it is a challenge in those
species that are subjected to intense harvesting pressures.
There have been number of isolated approaches proposed
to address the utilization and conservation of genetic
resources. Unfortunately, most approaches are aimed
at conserving the “resources” per se and have seldom
taken into account the genetic diversity. EX-situ and
in-situ methods followed in the conservation of crop
genetic resources have been extended to forest genetic
resource conservation without critically evaluating their
appropriateness.

New approaches are therefore needed to integrate
national conservation activities for maximum effect in
both production forests and fully protected area systems.
Complementary Conservation Methods (CCM) are
increasingly being viewed as newer approach to utilize
and conserve genetic resources, which is essentially a
decision-making process to adopt an appropriate method,
protocol to achieve a lasting conservation. In CCM, in
situ conservation of genetic resources are reinforced with
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the efforts of ex situ and vice versa while an enabling
policy environment is created. Newer approaches such
as ‘Forest Gene Banks’ and ‘circa situm conservation’
of resources is far more participatory in nature and
effective in involving communities for domestication
and utilization.

Forest Gene Bank

Forest Gene Bank (FGB) is an alternative strategy to
the existing conventional ex situ and in situ methods of
conservation. FGB is essentially an in situ site where a
target species occur naturally that has been augmented and
genetically upgraded through introductions of individuals
from other populations. Essentially this technique
enhances the genetic diversity through interventions
and thus enables the population to survive for a longer
time periods (Uma Shaanker and Ganeshaiah, 1997).
This approach takes into account the spatial distribution
of the species and the underlying genetic variability of
a species.

In this model, the forest gene banks would be located
within the distributional space of the species. These in
situ sites would serve as sink sites and would have the
propagules introduced from the neighboring source sites
which harbor unique and rare alleles. Further, this model
would also take into account the phenotypic variations
existing within each of the species and bring them to the
sink sites. Thus, these sites would maintain a regional
set of both genotypic as well as phenotypic variations.
These sites would, serve as gene banks for facilitating
continuous turnover of the genetic material within and
among populations (Uma Shaanker and Ganeshaiah,
1997). Forest gene banks for two endangered tree
species Viz., Dysoxylum malabaricum and Semecapus
kathalekanensis have been established near Sirsi in the
Central Western Ghats.

Circa Situm Conservation

Circa situm conservation is the preservation of planted
and/or remnant trees and wildlings in farmland where
natural forest or woodland containing the same trees was
once found, but where natural vegetation has been lost
or modified significantly through agricultural expansion
(Dawson et al., 2013). Circa situm conservation
emphasizes on maintaining higher tree species diversity
to conserve the processes of evolution and adaptation
(Jarvis, 1999). Forest remnants in cleared agricultural
landscapes, sacred groves and coffee plantations may be
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extremely important as tree breeding stocks and are the
places for circa situm conservation (Boshier et al. 2004).

Circa situm conservation has a very important role
in agricultural areas with high demographic pressure and
significant deforestation where alternative approaches
to conservation are limited and traditional agroforestry
systems like coffee/areca agro-forests, home gardens
and sacred groves are known to harbour high levels of
plant diversity (Maxted etal., 1997). Motivation to adopt
circa situm conservation by farmers is largely based on
the perceived use value of the species. Maheswarappa
etal. (2021) have shown small farmers of Kodagu region
of Karnataka tend to conserve highest number of useful
tree species and 95 per cent of them retain native tree
species than big and medium category farmers.

In a study by Maheswarappa et al. (2019), the extent
of genetic diversity of tree populations of Acrocarpus
fraxinifolius occurring in natural forests, sacred groves
and coffee plantations of Kodagu in Southern Karnataka
was analyzed using ISSR markers. Interestingly,
populations of sacred grove and coffee plantations
recorded higher diversity than natural forest population.
This pattern was also similar in two other tree species. The
authors have also shown that the traditional agroforests
host substantial diversity of useful trees suggesting a
huge potential to be considered as circa situm sites.
Understanding the pattern of tree diversity, species
conservation concern, genetic diversity of Circa situm
areas of different agroforestry areas is poorly attempted
in India (Maheswarappa et al. 2020).

Apart from recognizing potential sites for circa situm
conservation, augmenting these sites with additional
diversity to convert them as gene banks can be attempted.
In an attempt to establish the first circa situm gene bank
of trees in the country, Maheswarappa et al. (2021) have
planted Ficus racemosa, Ficus reliogiosa, Pongamia
pinnata, Toona ciliata, Pavetta indica, Artocarpus
hirsutus, Oroxylum indicum, Kydia calysina, Erythrina
indica, Artocarpus heterophyllus, Mangifera indica,
Terminalia tomentosa, Dalbergia latifolia, Acrocarpus
fraxinifoilus and Ficus racemosa in a coffee farm near
Ponnampet, Kodagu, Karnataka, India.

New tools, technologies, protocols are required to
rapidly and precisely characterize/monitor diversity,
assess the dynamics/loss across landscapes and as well as
to achieve lasting conservation. New technologies offer
unprecedented abilities to monitor change, create new
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ways of collecting data. Information and virtual tools,
space technologies, and genomic data are some of the
newer and rapidly evolving technologies. Ubiquitous
devices such as cell phones and people connected to
cloud computing systems will revolutionize the types of
data we collect for effective utilization and conservation.

Action Research Points

There is a need for the establishment of a key technical
secretariat that involves practicing foresters, scientists,
technocrats, information scientists, policy makers, etc.
to build a range-wide, spatially explicit big-database on
circa situm conservation value of agro-forestry systems
as well as to develop guidelines for establishment of
circa situm gene banks across the country.
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Majority of the Indian farmers growing diverse local crops and traditional cultivars are small small-landholding
farmer. Lower yields and challenges to find a value chain are accentuated by the effects of climate change.
Since 2003, a new provision has been made available to farmers to come together and form ‘Farmer Producer
Organization’ and ‘Farmer Producer Company’, in which farmers themselves are shareholders and external
entities aren’t allowed to become investors. Currently, there are 7,000 such registered groups in India, and
it’s being hailed as a promising step towards farmer liberation. Many farmer collectives, especially Farmer
Producer Companies, are eagerly adopting emerging technologies for their operations, scaling, value-chain
integration, and marketing purposes. This paper will seek to explore a case study of India’s largest farmer
collective of fruits and vegetables regarding their usage of Blockchain technology in bringing transparency
and efficiency across their integrated value chain.

Key Words: Blockchain, Farmer producer company, Farmer producer organisation, Traceability,

AgroTrust

Introduction

Income earned by a small and marginal landholding
farmer in India depends on multiple extraneous factors
thereby making farming a financially perilous profession.
Lack of infrastructure, less bargaining power, lack of
storage facilities and marketing resources have been the
prime challenges for the smalllandholding Indian farmer.
Thus, economy of scale is becoming important for basic
sustainability which canbe enabled with collectivisation,
more so for those intending to grow traditional specialty
crops/cultivars. At the same time, modern consumers
are also becoming health conscious and socially aware
regarding farming practices and ensuring farmer equity.

But lack of transparency leads to food fraud which
costs the global food industry an estimated $30-40 billion
annually (PricewaterhouseCoopers 2016). Consumers
want to know more about journey (harvest-to-shelf),
freshness, authenticity, integrity and ingredients of the
food they consume (Allied Market Research 2019). On
the other hand, the small-landholding Indian farmer
has always been operating in a domain where lack of
transparency dictates nearly every facet of life, right
from isolation from market trends till exploitation by
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middlemen. The initiative by Farmer Producer Companies
to form integrated value chains to ensure that fair equity
is ensured among the value chain partners is critical for
betterment of the entire rural economy.

This paper will explore a case study of how
Blockchain technology is being leveraged by one such
Farmer Producer Company, Sahyadri Farmers Producer
Company Limited, to bring transparency throughout
the value chain from farmer till the consumer. The
research questions to be answered in the paper are: (1)
How can collectivization of farmers ensure better equity
to the small landholding Indian farmer? (2) How can
Blockchain technology be leveraged by farmer groups
to bring transparency in the value chain?

Problems Faced by a Small-landholding
Indian Farmer

Lack of accessibility to the benefits of mechanization,
modern irrigation, and other investment-based
technological improvements leading to suboptimal
productivity. A perpetual debt cycle, post-harvest losses,
exploitation by middlemen, increasing input costs,
fluctuating supply resulting in price volatility, are some of
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the major problems faced by the Indian farmer. To help
ease this situation, Government of India gives guidelines
to buy 23 crops from farmers at a Minimum Support
Price (MSP). But as per Shanta Kumar Committee Report
2015, only 5.8% of Indian farmers sell their produce
to Government agencies at MSP (Food Corporation of
India, Government of India (2015, January). However,
benefits of MSP are not country-wide and is limited to
some states and for limited crops (Tiwari 2020). In order
to overcome these challenges, farmers are now coming
together to form a collective, to aggregate their produce,
invest in common infrastructure, minimize exposure
to market fluctuations, reduce risks, and increase their
bargaining power.

Farmer Producer Company/ Farmer Producer
Organization (FPC/ FPO)

As explained by Ministry of Agriculture, Government of
India, in the ‘Policy and Process Guidelines for Farmer
Producer Organizations’, ‘Collectivization of producers,
especially small and marginal farmers, into producer
organizations has emerged as one of the most effective
pathways to address the many challenges of agriculture
but most importantly, improved access to investments,
technology and inputs and markets. Department of
Agriculture and Cooperation, Ministry of Agriculture,
Govt. of India has identified farmer producer organization
registered under the special provisions of the Companies
Act, 1956 as the most appropriate institutional form
around which to mobilize farmers and build their
capacity to collectively leverage their production and
marketing strength” Ministry of Agriculture, Government
of India. (2013). A Farmer Producer Organization
(FPO) or a Farmer Producer Company (FPC) enables
every farmer to have equal voting rights regardless of
their shareholding, thereby bringing democratization.
Only farmers can become sharecholders within an FPO
or FPC, although an FPO or FPC can invest and hold
equity in other organizations (Ministry of Corporate
Affairs, Government of India, 2013). As per the latest
information, there are more than 7000 registered Farmer
Producer Companies in India, and the government is
making policies and plans to boost their number.

Blockchain can Mitigate Challenges Faced by
Farmer Collectives

Despite a growing number of farmer collectives being
registered as Farmer Producer Companies, not all of
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them are able to achieve sustainability. Primary reasons
are (i) Losses due to huge wastage (>40% post-harvest
food loss) and (ii) Lack of transparency (inadequate
professional management, risk of frauds). Traceability
(ability to follow the movement of a feed or food
through specified stages of production, processing and
distribution) allows farmers to get maximum leverage
of the value unlocked at the retail end. There are
documented cases where the small landholding Indian
farmers haven’t even received any renumeration for
selling their produce as the middlemen unduly charged
them with transport and rent to subtract from the prices.
On the other side, the consumer has no way to discern
how much actually ends up reaching the farmer. In
such a scenario, a radical outlook towards maximum
transparency can help both the farmers and consumers
and help strengthen the fragmented value chain.

Blockchain to Enable Traceability and
Transparency

In order to establish trust throughout the value chain from
the small landholding farmer till the end consumer, it
becomes prudent to achieve this through a Blockchain-
based platform, as described in Fig. 1. The very properties
offered by Blockchain ensures both trust over the data
being trustworthy, or at least acts as a deterrent for any
future misleading data entry owing to its immutability.
The critical decision over here, is rather, non-technical;
which parts of the value chain is one being transparent
about? We explore this in the case study of Sahyadri
Farmers Producer Company Limited.

Sahyadri Farmers Producer Company Limited
(Sahyadri Farms) and Sahyadri Farms
Sustainable Grassroots Initiative (SFSGIL-
RU brand) Case Study

Sahyadri Farms was registered as a Farmer Producer
Company (FPC) in 2010 under the provision introduced
in Companies Act, 1956, Government of India. It’s a
collective that is owned and managed by farmers. It
is India’s largest Farmer Producer Company and has
highest share of grape exports from India compared to
any other. Majority of the farmers within the collective
aresmall landholding farmers. Sahyadri Farms partnered
with Emertech Innovations Pvt Ltd to onboard the value-
chain allied activities on a Blockchain platform named
AgroTrust, as described in Fig. 2. The project for Fruits
& Vegetables traceability began in April 2019, and lasted
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Fig. 1. Blockchain-based platform of a farmer collective

until June, 2022. A total of 5.2 million Blockchain-backed
QR codes were printed during the project duration. The
project for cotton-to-cloth initiative, under SFPCL’s
allied initiative of Sahyadri Farms Sustainable Grassroots
Initiative Limited (SFSGIL) with the commercial brand
name of ‘RU’, began its live operations in February,
2022 and is ongoing (at the time of submission of this
paper), with over 35,000 Blockchain-backed QR codes
bring printed on T-shirts.

Process Flow

For implementing this solution for fruits and vegetables
for SFPCL, four attributes of every unit of produce

needed to be transparently recorded at stock keeping
unit (SKU) level across multiple operational locations:
origin, pricing, provenance, quality & safety through
certificates. Each location captured this information
during operational processes and stored it onto the
blockchain. Real life movement of produce necessitated
a four-location design. The value chain began at
cultivated plots called origins where the produce was
harvested. Informationabout origins was recorded onto a
blockchain verified registry of farmers and their fields.
Harvested produce was purchased by Sahyadri Farms
and transported to a production and packaging location
that performed quality assessment. Critical information

Fig. 2. Agro-Trust blockchain-based platform
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about the price given to the farmers and transport
timestamp was recorded onto the blockchain. Accepted
produce quantities were then moved to assembly lines
for production into freshly packaged SKUs (stock
keeping unit). At this stage, information about the
production costs and timestamp were calculated as per the
weight of each SKU and recorded onto the blockchain.
Finished SKUs were then dispatched to multiple
distribution centers that serviced either physical retail
stores or direct delivery to consumers in designated
geographical zones. Transport timestamps and storage
costs incurred by distribution centers and retail stores
were calculated as per the weight of each SKU and
recorded onto the blockchain. Due to the perishable
nature of the products being tracked, it was extremely
important that data was captured in real time or near
real time, validated as per predefined business rules
and committed to blockchain.

For the ongoing project (at the time of submission
of this paper) with SFSGIL, there are integrations with
‘Farm Setu’, SAP, and solution by Vesatogo initiative
which are used to bring attributes to traceability on
T-shirts. The project seeks to incrementally add more
information to the QR codes with subsequent integrations
and development of new modules. AgroTrustblockchain
transparency solution is a consortium blockchain network
based on the principle of ‘One Crop, One Blockchain’.
It is implemented using the Multichain protocol which
is a built by taking of Bitcoin client and enhanced
for permissioned blockchains. Consensus mechanism
used in this protocol is a randomized validation based
on distributed agreement between permissioned block
validators similar to PBFT. Multichain allows fine
grained permissions control at address or node level and
implements streams which are on-chain key-value data
stores with timestamps and publisher identity. Streams
are used to record and retrieve immutable data onto a
blockchain.

Consumer Transparency Service and impact

Upon scanning the QR code of the item, customer
can see - Know Your Farmer, Know Y our Money, Know
Your Journey and Know Y our Food, along with Sahyadri
Farms brand logo and ‘Why Blockchain?’ content for
making consumers aware about the technology. A
cropped sample of a real QR code scan of an SKU is
provided in Fig. 3., in which one can see the amount
received by the farmer with respect to how much the
end consumer is paying for the final product. Owing to
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the nature of the data availability and data capture, the
QR codes could show varying degrees of information.
Transparency regarding how much money goes to the
farmer defined per SKU is a first of its kind initiative in
India. Consumer awareness and consciousness is now
being channelized by offering them visibility of what
happens in the journey of the food that they consume.
The rising awareness, along with maintenance of food
quality and safety standards, leads to more consumers
for the farmer collective which in turn enables the
collective to offer better prices to the farmers. As of
2gth June, 2022, more than 5.2 million QR codes have
been printed with a range of 5000 to 24,000 QR codes
depending upon supply and consumer demand of fruits
and vegetables. For SFSGIL-RU brand, over 35,000
T-shirts are equipped with a Blockchain-backed QR code.
The successful implementation has been covered by the
mainstream media for Blockchain-based traceability and
transparency (Wadke 2020).

Action Points for On-farm Conservation of
Genetic Resources

1. The campaign of bringing small landholding and
marginal farmers under Farmer Producer Companies/
Farmer Producer Organizations is a promising step

Thank you for buying
Bitter Gourd (250)
from Sahyadri Forms for
X 25
(Discounts, if any, are borne by the retail store)

Meet the farmer
Ravindra Pandurang Pagare

Click for Datais

What the Farmers T 125
Receive (50%)

What they would’'ve 7?
Received

Tranportation Costs
% 0.2 (0.8%)

Fig. 3. Agro-Trust blockchain-based platform
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towards ensuring a life of dignity and sustainability.

2. Theadoption of technologies in agricultural practices
is also proving to be a boon. Among these, the use
of Blockchain in providing radical traceability and
transparency throughout the value chain can help
highlight the crucial aspects of the value chain.

3. It is the domain experts, who make Blockchain a
relevant and saucerful solution. Therefore, pilot
projects must be launched as a collaborative effort
between farmer community-NGOs-genebank
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The Green Revolution helped India to avoid famine and destruction and ensured food security in most developing
countries. Currently, India is not only self-sufficient in food production but also has foodgrain buffer stocks. This
agricultural growth revolved around harnessing genetic potential of major food crops developing via high input
responsive improved varieties. In the long run, these agricultural technologies, that contributed to food security
of an ever-growing population, led to soil degradation, water and air pollution and loss of biodiversity. In order
to tackle these negative consequences, agroecology-based agriculture is catching up globally for sustainable
development. The agroecology principles are relevant to organic farming, regenerative agriculture, conservation
agriculture, nature-based agriculture and several other traditional agri-food systems. Common principle among
these traditional agri-food systems is protecting the natural resources including vulnerable bioresources. Using
rich crop and landrace/farmer varietal diversity that are nutrient dense, pest resistant and resilient to climate
aberrations is a sustainable approach. It is in this context, the need for identification and enhanced use of genetic
resources that demand minimal or no chemical inputs yet possess the potential to meet the growing food demand.

Introduction

The extreme and indiscriminate adoption of the modern
agricultural technologies for higher crop yields has
shown its baneful effect over the years. Consequences
are deterioration of soil fertility (75% of the earth’s land
is degraded losing 36 billion tons of soil annually). The
Food and Agricultural Organisation indicated that due to
soil degradation, only 60 harvesting years are left and
this is a major concern for the growing population (FAO,
2016). Fertiliser consumption has increased from 12.4
kg/ha in 1969 to 133.4 kg/ha in 2020. The imbalanced
use resulted in a declining fertiliser crop response ratio
from 123.47 kg grain/kg in 1970 to 3.70 kg grain/kg
in 2005. During 2020-21, the Government of India
spent Rs 127,921 crore on fertiliser consumption and
the nation consumes pesticides worth Rs 6,000 crores.
The extreme consumption of agrochemicals has led to
contamination of water, soil and air, thereby reducing
crop productivity (Smith et al., 2013). Conventional
chemical farming increased the cost of cultivation and
led Indian farmers to debt trap. Climate change has
further aggravated the situation and yield losses have
led to 1.5% loss in GDP on annual basis. Do we have
alternatives to arrest plant biodiversity loss? Can we
revive natural systems through enhanced use of crops
and landraces diversity?

*Author for Correspondence: Email-prasadksv@gmail.com
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Challenges

Modern agricultural practices have promoted
monocropping in only five major crops compared to
fifty crops commonly cultivated in traditional agricultural
systems about eight decades ago. Traditional cultivars
and landraces have largely replaced with improved
varieties and hybrids. Thus, several wild relatives of
crops, neglected and underutilized crop species are
now conserved only in ex-situ genebanks and have
almost disappeared from the cultivation. India is one
of the eight important Vavilovian centers of origin
and crop diversity. India has 8% of the total global
biodiversity with an estimated 49,000 species of
plants of which 4900 are endemic (Anil et al., 2014).
In addition to several sacred groups maintained by
indigenous communities, institutional efforts have led
to establishment of 514 wildlife sanctuaries and 102
national parks including 18 biosphere results covering
about 5% of the total geographical area. India has
institutionalized agrobiodiversity management with five
Bureaus under ICAR with the mandate of collection,
conservation, evaluation and documentation. In spite
of conscious institutionalized efforts to conserve, there
has been severe biodiversity loss at ecosystem level
and at farm level.
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Components of Agroecology and the
importance of Biodiversity

Agroecology is the holistic integration of concepts
and principles of ecology, science and technology,
practices, economics, political, and social processes
for the sustainable management of agriculture and
food from production to consumption (FAO, 2022).
It provides a strategy to increase the diversified agro-
ecosystem, i.e., by promoting the effectiveness of plant,
animal biodiversity, and nutrient recycling through the
use of natural resources systems, like, legumes, trees,
livestock, etc. and thus making the food and societal
system sustainable (Tripathi et al., 2015). This system
can support the huge production in quantity and quality
of diverse food, fabric, and medical crops both for
family consumption and market, as this reduces the
risk of nutrition as a whole. Agro-ecosystem on which
our food and agriculture production system depends is
provided by biodiversity or in general it is biodiversity-
based agriculture, addressing the current crisis. These
two are central for food security and climate resilience
and guide us in managing and mitigating health and
climate shocks and crises.

An experiment conducted in all districts of Andhra
Pradesh to see whether the birds returned to the natural
farming adopted landscapes revealed a substantial
difference in bird visits between farms that use
agroecological techniques and those that use chemical
farming methods. Natural farming practices increased
the micro-climate for birds with lower temperatures
compared to outside temperatures and a variety of bird
species lay eggs and stay for longer periods in natural
farming fields (Hussain et all, 2022). Shift from intensive
farming to adopting agroecology or natural farming
can increase the soil organic carbon pool, enhance soil
quality, and increase soil resilience to adjust to the
extreme climate effects. Similarly, recycling of nutrients,
forage yield, pollination, resistance to weed infestation,
etc. are some of the ecosystem services and ecological
functions in agroecosystems (Dumont et al., 2013).

Traditional agricultural systems and
promoting landraces

Several localized traditional agricultural systems have
evolved over millennia of years suited to the soils, weather

and local food and fodder needs. These systems were
eco-friendly and sustainable. An innovative collaborative
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effort is being made by Watershed Support Services and
Activities Network (WASSAN), an NGO, to document
and experiment to understand the principles behind these
systems (Table 1). Traditional agricultural systems that
have the potential to be recognized as Heritage systems
in India are documented with details of locations of
practice and their unique features (Singh and Rana, 2019).

Table 1. Localized traditional agricultural systems documented and
experimented by WASSAN (https://www.wassan.org)

Hangadi Kheti, Barediyo, or
Hath-hangdo

Tribal junction of the state of Gujarat,
Rajasthan, and Madhya-Pradesh

Akkadi Saalu/Saalu Bele/ Karnataka

Mishra Bele

Olya, Sat-Gajra Madhya Pradesh
Nau Anja Himachal Pradesh
Pata Mabharashtra
Kurwa Jarkhand
Rammol Gujarat
Panamkuthu Kerala

Misa Chassa Odisha

Lakhs of indigenous varieties have been permanently
lost (John and Babu 2021). Diversification of agriculture
refers to the shift from the regional dominance of one
crop/varieties to regional production of a number of crops/
varieties. It aims to improve soil health and a dynamic
equilibrium of the agroecosystem. Crop diversification
takes into account the economic returns from different
value-added crops. Diversified farms are usually more
economically and ecologically resilient.

These technologies have continued to exist only in
rainfed areas. Nutrient dense landraces evolved over
thousands of years in the rainfed ecosystem with local
relevance to cultural and organoleptic needs of the
communities. They have distinct advantage of resilience
to climate change effects. Neglected and underutilized
species and minor crops remained out of the formal seed
system. Hence there is a need to develop an alternative
seed system to meet the requirements of rainfed areas.
Such an alternative seed system should aim to enhance
crop and varietal diversity; promote landraces that are
adopted to local soil types and multiple cropping systems;
access to seed in times of contingencies; reasonable price
margin between seed and grain; intrinsic conservation
of crop diversity in the ecosystem and timely access to
quality indigenous seed by encouraging local Farmer
Procedure Organizations (FPOs). Operationalization of
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such an alternative seed system will bring the following
benefits to rainfed farmers.

1. Resilient diversified cropping systems; availability
of quality seeds

2. Enhanced farmer income [e.g. Navdanya crop
system in Anantapur, the most drought prone district,
increased the farmer income by about rupees 15000
per acre]

3. Increased productivity [e.g. Ragi local (Pedda Chodi)
productivity improved from 4 quintals to 8 quintals
per acre in Andhra Pradesh and Odisha; paddy
landrace Kalachampa promoted by Department of
Agriculture Odisha yielded more than local checks].

4. Enhanced market share with premium price
[landraces viz. black rice, brown rice, short grain
scented rice, etc.]

Enhanced household food and nutritional security
[due to enhanced access to pulses, oilseeds and millets
owing to multiple and mixed cropping systems]

New Paradigm for Indian Agriculture

The Government of India has come up with an approach
for Indian agriculture to shift from agroindustry to
agroecology farming. Five main areas through which
agroecology can point a new way for agriculture are
1. Reduced reliance on pesticides, 2. Enriching
biodiversity, 3. Revitalising small farms, 4. Creating
alternative animal production systems and 5. Enhancing
urban agriculture (Neelam Patel et al., 2022). It is also
important modify and revise varietal release criteria with:

* Focus on evaluation in eco-geographic regions/
districts from where the landrace cultivated/
collected/originated

*  Farmers’ yields based on crop cutting experiment
documented by the State Department of Agriculture
considered

* Nutrition, local preference, cropping system and
resilience to climate and biotic stresses value
considered

* A comprehensive on ground pilot study encompassing
all components of alternate seed system is needed.
Conclusion and Action Points

There is an urgent need to shift from the current chemical
based agri-food system to a system that aims to provide
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a one-health ecosystem to plants, animals and humans.
In a large chunk of landrace diversity is still with rural
and tribal communities. These communities are holding
this diversity and conserving them on-farm through use
for reasons of taste, religious use, food preference and
other organoleptic properties.

1. Participation of communities and general public in
conservation through use and exchange of material/
knowledge with the genebanks/seed banks needs to
be facilitated through appropriate policies in place.

2. Granting rights to group or individual claims on
farmer varieties by the Plant Variety Authority is
illogical and all the farmer varieties shall remain as
nation’s property. There is a need to revise policy
and define process of establishing sovereign rights
of India linking contributing communities.

3. Changing genebank’s approach on accession-
oriented collecting, evaluation and conservation
to respecting communities’ wisdom precipitated
through several generations.

4. Benefit sharing implementation needs to be
strengthened; the logic of pre-CBD collections not
attracting benefit sharing is illogical.

5. Substantial increase in investments by governments
on community seed banks facilitating access to
quality seeds of farmers’ varieties that are locally
produced and locally consumed.

6. National Agricultural Research System to invest
more time and resources on mainstreaming farmer
varieties particularly in rain-fed areas.

7. Science based examination of traditional systems that
encourage use of local biodiversity for sustainability,
ecological stability and one-health.
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The New Education Policy-2020 (NEP-2020) of India provisioned that “the design of agricultural education
will have to be strengthened towards developing professionals with the ability to understand and use local
knowledge, traditional knowledge and emerging technologies, while being cognizant of critical issues of declining
profitability and/or productivity but enhanced economic aspirations of farmers, climate change, food sufficiency,
etc.”. Based on the principles and philosophy of NEP-2020, a roadmap and Implementation Strategy for NEP-
2020 in Agricultural Education System has been prepared and released on 28 September, 2021 during the Annual

Vice-Chancellors Conference in New Delhi.

Introduction

The New Education Policy-2020 (NEP-2020) of India
provides an opportunity and has opened the gateway
to introduce various changes in the education system,
including higher agriculture education. Some of the major
highlights of NEP 2020 include enhancing the gross
enrollment ratio (GER), defining minimum standards
of quality of agricultural education and ensuring their
adherence by all stakeholders, improvement in research
contributions, importance of staying relevant and
providing placement along with right skills. Starting
with multiple exit and entry points into higher education,
relaxation of the residential requirements of UG, PG and
PhD programmes, restructuring and reformulation of
the UG curriculum in accordance with the new system
advised by NEP, compliance with Academic Bank of
Credits as per the directives of the Ministry of Education,
Deemed universities of ICAR may initiate process for
transforming them into Multidisciplinary Education and
Research University (MERU).

Accordingly, the Indian Council of Agricultural
Research (ICAR) constituted a national level Committee
of Vice-Chancellors to develop an implementation
strategy to comply with various provisions of the
NEP-2020. The committee was asked to assess and
recommend requirements of higher agricultural education
in the present set of education/research/extension and
suggestion for consideration of agricultural education
in the categories of Medical and Legal Education
under NEP-2020. In this direction, several meetings
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and consultations were held to deliberate with various
stakeholders. The draft report was also circulated to all
the Vice-Chancellors and Chief Secretaries for their input
and comments. Various timelines for implementation of
NEP by AUs were also defined by the committee.

The preparation of professionals in agriculture
and veterinary sciences under NEP-2020 is through
programmes integrated with general education. Most

NEP-2020 and Higher Education in
Agriculture —Salient Targets

e By 2022-23, common entrance test may
be conducted by ICAR for admission of the
students in all the AUs, and AUs to start
increasing seats on annual basis by 10%
until the target is achieved.

o By 2025-2030 all institutions, located in the
same premises, offering either professional
or general education may aim to organically
evolve into multi-disciplinary institutions/
clusters offering higher education both
seamlessly, and in an integrated manner.

e By 2035, achieving 50% Gross Enrolment
Ratio (GER) in higher agricultural education
including vocational education.

1 All higher education institutions (HEIs) should
aim to become multidisciplinary institutions by
2040.
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importantly, NEP-2020 has indicated that *““the design
of agricultural education will have to be strengthened
towards developing professionals” with the ability
to understand and use local knowledge, traditional
knowledge and emerging technologies, while being
cognizant of critical issues of declining profitability
and/or productivity but enhanced economic aspirations
of farmers, climate change, food sufficiency etc. Based
on the principles and philosophy of NEP-2020, a
roadmap and implementation strategy for NEP-2020
in Agricultural Education System has been prepared
and released on 28 September, 2021 during the Annual
Vice-Chancellors Conference in New Delhi. The major
recommendations of the committee are as given below.

Restructuring of Agricultural Universities
under NEP-2020

As per the main thrust of NEP-2020, it has been
recommended to end the fragmentation of higher
agricultural education by transforming Agricultural
Universities/Colleges into large multidisciplinary
universities, colleges, and Higher Education Institute
(HEI) clusters/Knowledge Hubs with 3,000 or more
students. The canvas of multi-disciplinarity of agricultural
education shall encompass academic programmes of
basic sciences, social sciences and allied disciplines
of agricultural sciences. Therefore, the single stream
universities under the ICAR-AU system need to move
towards multidisciplinary institutions by 2030 while
continuing the focus on agriculture.

Several affiliated colleges exist in large numbers
in both public and private domain. As per NEP-2020,
they need to be brought under the new norms of
higher education. In compliance with the proposed
policy, collective steps have been proposed to work
in coordination with the universities to eliminate
“affiliation” by 2035.

By taking the advantage of the available expertise and
resources, the necessary steps will be taken to translate
ICAR Deemed Universities into multi-disciplinary
research-intensive universities.

For each university it is necessary that it works on
preparing a blue print of its future called, Institutional
Development Plan (IDP) and use it to seek/attract funding
from different sources as well for planned growth and
development.
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Academic Restructuring of Agriculture
Education

It has been proposed to revamp academic program
structure with an innovative system of multiple entry
and exits with options to award certificate, diploma,
UG degree general, or degree research, and one or two
years of Master’s degree. The residential requirements
of UG, and PG programmes will be relaxed so that
the students wishing to exit/enter may be able to do so
irrespective of any time limit.

A Deans’ committee may be constituted by [CAR
for restructuring UG curricula in compliance with the
provisions of NEP-2020 (based on the recommendation,
ICAR has already constituted the 6" Deans committee).
Based on the demand, the universities may enhance
the intake of UG so that the exits of few students
with Certificate/Diploma do not hamper the numbers
of degree pass-out students. Further, the agricultural
universities may be given time to make this restructured
four year UG programme functional by 2025. A separate
curriculum and admission criteria may be devised for the
admissions to one year certificate and two year diploma
in Agriculture.

In PG programmes, it is proposed to follow
multidisciplinary approach with an option to choose major
and minors as per the choice of the student. Teaching
assistantship shall be encouraged to PhD students to
gain the required experience and also to address the
shortage of faculty in many institutions/universities.

Policy directives have been enlisted to enhance Gross
Enrolment Ratio (GER) in agricultural universities with
at least increase of 10% seats from 2021-22 academic
session on annual basis; the scores of the common
entrance test conducted by ICAR through National
Testing Agency (NTA) for admission of the students in
all the AUs for UG/PG/PhD may be used by AUs for
the admissions. Entrance Examination for UG may be
conducted in regional languages and compliance with
Academic Bank of Credits (ABC) as per the directives
of the Ministry of Education.

Role of ICAR in Regulation of Agricultural
Education
As per the recommendations of NEP-2020, the I[CAR shall

act as a Professional Standard Setting Body (PSSB) for
Agricultural Education to develop the curricula and lay
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down academic standards for the agricultural education.
As amember of the proposed General Education Council
(GEC), the ICAR shall take necessary steps through
PSSB for making a uniform academic structure across
the country both in public and private institutions offering
academic programmes in agricultural sciences.

As member of the GEC, the ICAR will be able to
contribute in the regulation of agricultural education
through single regulatory body to be enacted as a National
Higher Education Regulatory Council (NHERC), the first
vertical of the proposed Higher Education Commission
of India.

Asper NEP-2020, the National Accreditation Council
(NAC) shall act as a meta Accrediting body and shall
assign the task of functioning as recognized accreditor
to appropriate number of institutions.

The task to function as a recognized accreditor shall
be awarded to an appropriate number of institutions by
NAC. In this perspective, the NAEAB of ICAR may
be recognized as an Accreditor for the accreditation of
Universities/Colleges offering agricultural education.

To achieve the goal of ‘internationalization at home’
by maintaining global quality standards and attracting
greater numbers of international students, an International
Students Office shall be created to coordinate all matters
relating to welcoming and supporting students arriving
from abroad.

Research/teaching collaborations and faculty/student
exchanges with high-quality foreign institutions will be
facilitated, and relevant mutually beneficial MOUs with
foreign countries will be signed.

With the available alternative modes of quality
education, we need to complement/enrich traditional
and in-person modes of education.

The necessary steps should be taken to avail the
existing e-learning platforms such as SWAYAM,
DIKSHA, SWAYAMPRABHA, etc and also to develop
e-courses in agriculture and allied sciences.

Attracting Talent in Higher Agricultural
Education

In order to attract and retain the talent in higher
agricultural education and achieve educational excellence,
ICAR provides financial assistance through various
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scholarships/ fellowships to the admitted students. In
addition, a national level examination was started ICAR-
All India Entrance Examination for Admissions (AIEEA),
in the year 1996-97, to address the challenges of quality
manpower development and meet the requirement of
much needed talented pool of human resource in the field
of agriculture and allied sciences. The primary objective
of conducting the exam is curtailing academic inbreeding
in agricultural education and promoting national
integration by providing a window of opportunity for the
students to take admissions outside their domicile states in
reputed institutions having state-of—the—art—infrastructure
and facilities, infuse merit, encourage talent and promote
uniform examination standards across the agricultural
universities, thereby leading to an overall improvement
in the quality of Higher Agricultural Education.

The SAUs annually provide 15% (UG) and 25%
(PG and PhD) of their existing seats as [CAR quota
seats for filling up through this entrance examination.
However, ICAR fills 100% PG and PhD seats at ICAR-
DUs, CAUs. To align with NEP-2020 and reduce the
burden on students for appearing in multiple entrance
examination for admissions in State Agricultural
Universities (SAUs), ICAR has taken an initiative and
offered the SAUs to utilize NTA scores for UG, PG and
PhD admissions. During academic session 2021-22, 05
SAUs for UG, 07 for PG and 08 for PhD admissions
utilized NTA scores for state quota seat admissions.

National Talent Scholarship (NTS): The NTS UG
and NTS PG were initiated to discourage inbreeding to
pursue undergraduate and post-graduate studies to all
those candidates who are admitted through ICAR-AIEEA
and take admission outside their state of domicile and
maintain prescribed academic standards.

PG Scholarship: Based on their merit in AIEEA (PG),
the ICAR-PG Scholarship, is awarded to 600 candidates
per year for pursuing Masters’ degree for a period of
two years who get admission in AUs located in states
other than those from where they had graduated.

Junior/Senior Research Fellowship (JRF/SRF): 300
students are awarded this scholarship every year for
pursuing Ph.D. degree program in ICAR-AU System
subject to the condition that they meet the other prescribed
eligibility requirements.
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Agriculture is facing unprecedented challenges from a rapidly expanding human population and an unstable and
changing cultivation environment. With the global system facing a multitude of crises across the social, health,
environmental, and peace and security spectrum, there is an urgent need for scaling up international, regional
cooperation and partnerships to find lasting solutions to ensure food and nutritional security. Plant genetic
resources (PGRs) can be used for breeding improved crop varieties, providing food and nutrition for ever-
increasing population of animals and human beings. An attempt is made briefly to discuss about the importance
of network and partnership and key role, feature and challenges for sustaining the network and partnership on

long-term basis for management of PGRs.

Introduction

Agriculture is facing unprecedented challenges from a
rapidly expanding human population and an unstable
and changing cultivation environment. To increase food
production sustainably in the face of these challenges
multiple tools ranging from the application of novel
technologies in breeding and farming to the broadening
of the genetic base are needed. The plant genetic
resources (PGRs) include wild relatives of cultivated
species, varieties and hybrids, as well as breeding
material. PGRs can be used for breeding improved crop
varieties, providing food and nutrition for ever-increasing
population of animals and human beings. It is well known
that agriculture affects natural biological resources,
but it also uses these resources to obtain varieties and
hybrids, the reciprocal relationship leading to increased
economic benefits and sustainability.

Sustainable Development Goals and
International Partnership

The 2030 Agenda for Sustainable Development,
adopted by all United Nations Member States in 2015,
provides a shared blueprint for peace and prosperity
for people and the planet, now and into the future.
At its heart there are the 17 Sustainable Development
Goals (SDGs), which are an urgent call for action by
all countries — developed and developing — in a global
partnership (https://sdgs.un.org/goals). It is clearly
evident that biodiversity plays a significant role in
achieving several SDGs, particularly SDG # 2 (Zero
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Hunger), SDG # 3 (Good Health and Well-being), SDG
# 12 (Responsible Production and Consumption, SDG #
13 (Climate Action) and SDG # 15 (Life on Land). SDG
# 17 (Partnership for the Goals) deals with strengthening
the means of implementation and revitalize the global
partnership for sustainable development (https://sdgs.
un.org/goals) to: (i) enhance international support for
implementing effective and targeted capacity-building
in developing countries to support national plans to
implement all the sustainable development goals,
including through North-South, South-South triangular
cooperation; (ii) enhance the global and partnership
for sustainable development, complemented by multi-
stakeholder partnerships that mobilize and share
knowledge, expertise, technology and financial resources
and (iii) encourage and promote effective public, public-
private and civil society partnerships, building on the
experience and resourcing strategies of partnerships.
However, according to SDG Progress Report (2021),
the interconnected global economy requires a global
response to ensure that all countries, developing
countries in particular, can address compounding and
parallel health, economic and environmental crises and
recover better. Strengthening multilateralism and global
partnerships is more important than ever as about 63%
of low-income and lower-middle-income countries are
need of data and information sharing and additional
funds particularly to face challenges posed by the
pandemic (https://unstats.un.org/sdgs/report/2021/
The-Sustainable-Development-Goals-Report-2021.
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pdf). With the global system facing a multitude of crises
across the social, health, environmental and peace and
security spectrum, there is an urgent need for scaled
up international, regional cooperation and partnerships
to find lasting solutions to ensure food and nutritional
security.

Networks and Partnerships

Although individuals or organizations have been getting
together to collaborate and to share information and
resources for a very long time. However, agricultural
research networks have been proliferating in recent
past, and these networks are seen as mechanisms for
more efficient and cost-effective exchange of resources,
information and research results. As for as PGR
management is concerned, the Second Global Plan
of Action for Plant Genetic Resources for Food and
Agriculture (PGRFA), adopted by the FAO Council in
November 2011, is the main reference document for
national, regional and global efforts to conserve and
use PGRFA.

Key Features

Networks are commonly used to increase the effectiveness
of international agricultural research by involving a
number of individuals, organizations or countries in
sharing information and other resources at regional and
global level. However, success of any PGR network or
partnership depend on some key features as discussed
below:

1. All partners should identify the clear objectives of
common interest for sustainability of the partnership.

2. All partners need to ensure mutual equality and
equity in a network.

3. Role/responsibility of each partner needs to be
defined clearly and exchange/sharing of data,
information or genetic material must take place for
vibrancy of the network.

4. Each associated partner should have capacity to
utilize the information and resources to maintain
continued interest to fulfill common objectives.

5. A coordinating committee comprised of network
members needs to be established for developing a
work plan and periodically monitoring the progress.

6. Depending upon the progress of results/outputs, the
objectives may be evolved. Therefore, there must
be flexibility to make modifications and changes in
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pathway in the interest of each partner.

7. Sharing of intellectual property rights be fair and
equal, as due to any partner.

8. Trust-building and ethical values to be respected by
each partner in a network for long-term sustainability.

Key Roles

The role of PGR networks is stressed by almost all
international agreements, including the Convention on
Biological Diversity (CBD) and the International Treaty
on Plant Genetic Resources for Food and Agriculture,
to fulfill the respective objectives under obligations of a
mutual agreement. A network is generally interdependent
on each other partner(s) to develop the synergies and
respect their mutual requirement related to exchange and
management PGR and related information. At the same
time networks not only facilitate the exchange of PGR, but
also provide a platform for scientific discussion, sharing
responsibilities and information, technology transfer and
research collaboration (Maggioni and Engels, 2014) .

PGR management requires functional convergence of
global policy and regulatory frameworks that deal with
PGR to contribute significantly to food and nutritional
security. Regional initiatives need to bring neighboring
countries together to address the common goals in PGR
management. Regional networks can play significant role
for management of PGR, as discussed below [adopted
from Tyagi (2019)]:

1. Prioritization of Research

As discussed, role of networks is also to provide platform
for scientific discussion for various stakeholders engaged
in PGR management by organizing High Level Policy
Dialogues, Expert Consultations, Workshops, Seminars,
Symposia and Brainstorming Sessions to priorities the
research agenda at national/regional level.

2. Capacity Development

Capacity development is an important area to conserve
and utilize the PGR. The major issues are to identify
the areas of capacity development and the stakeholders.
Therefore, mapping the existing capacity and need of
capacity development is pre-requisite to build the capacity
not only for technical but soft skills also. Capacity also
needs to be developed to create robust impact pathways,
prepare logical frameworks, measure indicators, from
research to extension, policy, and livelihoods impact on
farmers’ livelihoods. Functional capacity development is
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also required to build awareness among policy makers,
media and the general public.

3. Public Awareness

Network can play significant role in creating public
awareness by sharing of experiences, and best practices,
indigenous knowledge, success stories across various
communities, regions and countries.

4. Policy Advocacy

By engaging concerned PGR stakeholders in High Level
Policy Dialogues and Expert Consultations, enabling
and supportive policy environment may be created by
developing policy legal frameworks including policy
briefs, development of the value chain and exploration
of markets at local, national and international levels.

5. New Partnership Development

Networks are instrumental to facilitate increased
cooperation at regional and international levels to develop
synergies by building new partnerships and networking
of groups and institutions including non-governmental
organization, community-based organizations and civil
society organizations for implementing the programmes
efficiently.

6. Mobilization of Investment

Success and sustainability of any network will depend on
continuous availability of adequate financial resources.
Donors from private sector play an important role to
mobilize the funds for conservation and utilization of
PGR at national and regional level. Networks may be
instrumental to develop mechanisms for partnerships by
greater involvement of private sector, philanthropists
and international donors by brokering of partnerships.

Key Challenges

Limited trained human, financial and physical resources
are major challenges for establishing the PGR network.
A pre-requisite of a strong network is that the individual
partners are strong. In addition, there are other challenges
are also faced for long-term sustainability of the network
as mentioned below:

1. Low Level of Coordination of Activities

Despite the best efforts and enthusiasm for establishing
the regional and global networks for PGR management,
it has been observed that there was still a low level
of coordination activities on long-term basis. The
expectation is that breeders and other users will be
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able to have easy access to well-characterized and
well-maintained genetic resources among the associate
member institutions. Therefore, established networks
should consistently and actively grow and sustain for
long-term for mutual benefits of the associated partners.

2. Technical Impediments for Sharing Information
and Data (Halewood, 2018)

(i) Data are fragmented and dispersed across
organizations and international borders and are
not managed following the FAIR principles of
Findability, Accessibility, Interoperability and
Reusability (Wilkinson et al., 2016);

(ii) Inadequate systems exist for logging and tracking
PGR as well as metadata related to PGR, for
example, there is no universally agreed-upon system
for permanently and uniquely identifying PGR (e.g.
publications do not provide traceable, permanent
unique identifiers for PGR); and,

(ii1) Radically different approaches to data management
and sharing within and across public and private
sectors due to fundamentally different objectives
and low levels of mutual trust.

3. Political and Institutional Impediments

Until the late 1960s, PGRs were generally treated as
‘global public goods’. In the decades that followed, after
Convention on Biological Diversity 1993 (CBD; https://
www.cbd.int/) technologically advanced countries
pushed for the international recognition of intellectual
property protection for living materials through various
agreements, treaties, protocol. In light of this recent
history, it is perhaps not surprising that some country
and regional representatives, civil society and farmers’
organizations have voiced concerns that technological
breakthroughs in genomic breeding, gene editing, and
gene synthesis will widen the technology gap, and
concomitant economic disparities, between the developed
and developing countries.

4. Trust-deficit in Global South and Global North

There is a worry that the major gap of capacity of
understanding and use of advanced knowledge and new
technologies (expertise), infrastructure (research for
development facilities) and enabling policies dealing with
new legal instruments between developed and developing
countries for utilization of PGR, will exacerbate
tensions associated with the unrealized expectations
of monetary benefits accruing from access and benefit
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sharing laws. These stakeholders note that at present the
requisite technological capacities principally reside in
elite research institutions in the global North. They are
skeptical that these new capacities will be used to develop
technologies targeted at resource-poor farmers working in
vulnerable agricultural systems. This has led to demands
(by some civil society organizations and developing
countries) that research organizations stop providing
unregulated open access to genetic sequence data until
benefit sharing issues can be addressed (Hammond,
2016; The International Civil Society Working Group
on Synthetic Biology, 2016).

5. Continuity of Financial Resources

Generally, developed countries are well-placed in terms
of expertise, infrastructure and availability of funds but
poor in occurrence or availability of genetic resources.
At the same time converse is true in case of developing
or least-developed countries who are rich in availability
of PGRs. This situation likely to warrant the availability
of adequate finance resources to carry out the mutually
accorded activities in a network, if the terms and
references are not made transparent. Even otherwise,
it is observed that there is less investment is made by
private sector for the basic research for utilization of
PGRs by the breeders. For sustainability of the network
and partnership, assurance of availability of financial
resources are very important be engaging public and
private partners on mutually agreed, equal and transparent
terms of references to achieve the defines objectives.

Conclusions

Networking and partnerships are potentially effective
tools for sharing and exchanging of information,
germplasm resources, conservation techniques and tool
through which institutional and capacity building can be
developed and strengthened. It is through networking
arrangements that PGR activities or programmes can be
properly facilitated, coordinated and implemented. This is
important because, with limited resources, no individual
institute can really afford to carry out all the operations.
Joining hands and sharing resources is the way into the
future for the effective conservation and efficient use of
PGR. As the network develops and becomes sustainable,
the responsibility of running the network may be more
formalized through a regional organization. A successful
and viable network needs a coordinator with networking
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experience as well as its technical and political expertise,
which is well positioned to offer its contribution to this
process and to actually assume more responsibilities for a
co-ordinated involvement of the all associated institutions
with mutual trust and respect. If efforts are not made to
enhance trust and inter-stakeholder cooperation between
developing and developed countries to establish and
sustained new networks at South-South and North-South
levels, such situations might ultimately undermine the
development of an open-science culture, slowing the rate
of the scientific advancement in PGR management and
consequently crop improvement for food and nutritional
security and climate challenges.
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Dr RS Paroda has been a champion for the cause of genetic resources (GR) management for over five decades.
His passion for the subject has led to massive reforms in infrastructure, capacity building and projects/programs
in the arena of agrobiodiversity management and use, which has a direct bearing in increasing agricultural
productivity leading to food and nutrional security. The Indian Society for Plant Genetic Resources (ISPGR)
eetablished in 1987, was his brainchild and as the Founder (1987-88) as well as current (2022-24) President of
the society, he has immensely contrubuted in its overall growth and visibility. This paper gives a brief overview
on the contributions of Dr RS Paroda in the area of GR management.

Key Words: Genebank, ISPGR, National Bureau, Regional and Global Networks

Introduction

Genetic resources are the building blocks for global food,
nutrition and environmental security. Accordingly, their
efficient management such as exploration, evaluation,
exchange and conservation through use is fundamental for
the survival of humanity and for posterity. Recognising
this and being an ardent supporter, Dr Rajendra Singh
Paroda has made extra-ordinary contributions in the field
of genetic resource (GR) management at the national,
regional and global level, as elaborated below.

GR Contributions at National Level

As Director, National Bureau of Plant Genetic Resources
(NBPGR) from 1985-1987, Dr Paroda took major
initiative to build one of the most modern Indian
Genebank at New Delhi, seeking then the funding support
of US $ 25 million from the United States Agency for
International Development (USAID). The Genebank was
inaugurated by the then Hon’ble Vice-President of India,
during the II Crop Science Congress organised by Dr
Paroda in 1996. This Genebank, the second largest in
the world, currently houses more than 460, 000 valuable
accessions of different crops.

Considering the importance of capacity building in
the field of genetic resources, he not only got all 100
scientists of NBPGR trained in the USA, but was also
instrumental in initiating MSc (PGR) course in 1997 and
PhD (PGR) from 2004 onwards at the Post-Graduate
School of Indian Agricultural Research Institute (IARI),
New Delhi.
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For promotion of PGR science and realising the
importance of publishing scientific literature, Dr Paroda
established the Indian Society of Plant Genetic Resources
(ISPGR) in 1986 which got registered in 1987 and has
made significant contributions, including holding of a few
national and international conferences. These include:
1) National Symposium on Plant Genetic Resources
held in New Delhi in 1987; ii) National Symposium on
Conservation of Agrobiodiversity held in 1997; iii) Role
of Science and Society towards Plant Genetic Resources
Management — Emerging Issues, held in 2005, New Delhi;
iv) National Symposium on Recent Global Developments
in the Management of Plant Genetic Resources held
at New Delhi, 2009 v) Brainstorming Meeting on
Strategies for Implementation of Delhi Declaration for
Agrobiodiversity Management in New Delhi in 2017; vi)
National Webinar on Implementation of Access to Plant
Genetic Resources and Benefit Sharing (ABS) in 2020.
The proceedings of these events have served effectively
the purpose of knowledge dissemination among PGR
scientists.

Convinced of the importance of genetic resources,
Dr Paroda as Director General, Indian Council of
Agricultural Research (from 1994-2001) created four
new National Bureaux on: (i) Animals, (ii) Fish, (iii)
Micro-organisms, and (iv) Insects. He also launched a
National Action Plan on PGR management in 1999, which
spurred collections (almost doubled in five years) and
evaluation of genetic resources through inter-institutional
collaboration at the national level.
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Dr RS Paroda, President, ISPGR (2022-24) along with dignitories, invitees, awardees and ISPGR members at
Award Function held on August 20, 2022

Under his visionary leadership, two important
national laws relating to genetic resources were drafted,
which were enacted by the Parliament in record time.
These are: 1) Protection of Plant Varieties and Farmers’
Rights Act (2001), and ii) Biological Diversity Act
(2002). He also served from 2011-2014 as the Chairman,
National Advisory Board on Management of Genetic
Resources and ensured effective coordination and
collective action by all the Bureaux.

Recognising his significant contributions in the
field of genetic resource management and agricultural
development, Dr Paroda was awarded the most
prestigious national civil honour ‘Padma Bhushan’ by
the Hon’ble President of India in 1998. He also received
the famous ‘Dr Norman Borlaug Award’ from President
of India in 2006 and ‘Dr MS Swaminathan Award’ in
2020. Recognising his enormous support for genetic
resource programs, [CRISAT honoured him by naming
its Genebank as ‘Rajendra S. Paroda Genebank’ in 2005.

GR Contributions at Regional Level

At the regional level, while working as Regional Plant
Production and Protection Officer, FAO, Bangkok
(1992-1994), and as Executive Secretary, Asia Pacific
Association of Agricultural Research Institutions
(APAARI) for more than 22 years, Dr Paroda could
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initiate a number of regional PGR networks for evaluation
and use of genetic resources in different countries.
These were on:

i.  Tropical Asian Maize Network (TAMNET) involving
International Maize and Wheat Improvement Center
(CIMMYT), Mexico;

ii. Cereals and Legumes Asia Network (CLAN)
involving the International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT), India,
International Centre for Agricultural Research in the
Dry Areas (ICARDA), Syria and World Vegetable
Center (AVRDC), Taiwan.

iii. Council for Partnership on Rice Research in
Asia (CORRA) involving International Rice Rearch
Institutue (IRRI), Philippines;

iv. Inter-regional Network on Cotton in Asia and
North Africa (INCANA) involving Association of
Agricultural Research Institutions in the Near East
& North Africa (AARINENA), APAARI, Central
Asia and the Caucasus Association of Agricultural
Research Institutions (CACAARI), Agricultural
Research, Education and Extension Organization
(AREO) Iran and ICARDA.

v. Inter-Regional Network on Cotton in Asia and
North Africa (INCANA) involving Association of
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Agricultural Research Institutions in the Near
East and North Africa (AARINENA), APAARI
and CACAARI,

vi. Asia-Pacific Group of Fisheries and Aquatic
Research (GoFAR) involving World Fish
Center, Malaysia.

vii. Three regional PGR networks for South Asia,
Southeast Asia and the Pacific region facilitated
by Bioversity International.

These networks helped in joint evaluation and
exchange of useful genetic resources by concerned
NARS in each sub-region.

As Head of CGIAR Consortium for Sustainable
Agriculture in Central Asia and the Caucasus
(CAC) region, Dr Paroda catalysed the process of
strengthening the Genebanks in Azerbaijan and
Uzbekistan and created new Genebanks in Armenia,
Georgia, Kazakhstan, Kyrgyzstan, Tajikistan, and
Turkmenistan. The one stablished at Krasnyvadopad
in Kazakhstan has been named as ‘Raj Paroda
Genebank’. For these extra-ordinary efforts, the
CAC team under the leadership of Dr Paroda had
won the prestigious “King Baudouin Award” of
CGIAR.

To promote regional cooperation and scientific
networks, Dr Paroda took major initiative to organise
a number of Regional Expert Consultations as
follows:

i.  Regional Roundtable Meeting on Implementation
of the International Treaty for Plant Genetic
Resources for Food and Agriculture in 2005
in Bangkok;

ii. Expert Consultation on Progress of Research
Networks at ICRISAT in 2007,

iii. International Symposium on Agrobiodiversity
in Suwon in 2010 which led to adoption of The
Suwon Agro-Biodiversity Framework

iv. Regional Workshop for Implementation of
Suwon Agrobiodiversity Framework in 2011
in Kuala Lumpur;

v. Regional Consultation on Genetic Resources
in the Pacific held at Fiji (2012);

vi. Regional Consultation on Medicinal Plants in
2013 in Bangkok.
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A highly decorated scientist, Dr RS Paroda is recipient of many
awards. Seen here with three Presidents of India in various award
ceremonies, including Padma Bhushan (1998) (center)
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Inaugural session of the ‘1st International Agrobiodiversity Congress (IAC2016)’ in the presence of
Hon’ble Prime Minsiter of India

GR Contributions at Global Level

At the global level, Dr Paroda served as the Chairman
of the Working Group on Farmers’ Rights of FAO
Commission on Plant Genetic Resources (1995-97)
when he could get the Farmers” Right defined and
agreed by the Commission. He also served as member
of the International Committee constituted for Plant
Genetic Resources by the Board on Agriculture, National
Academy of Sciences, Washington for the period 1990-
94 and recommended renovation and strengthening of
the Genebank.

As founder chairman, Global Forum on Agricultural
Research (GFAR), FAO, Rome, Dr Paroda had organised
a Global Conference in 2000, in collaboration with
Bioversity International in which “Dresden Declaration
on Plant Genetic Resources for Food and Agriculture”
was adopted, which defined a road map for strengthening
PGR activities at the global level. Dr Paroda as Chair
of GFAR also worked passionately and closely with
Dr Ismail Serageldin, Chairman, CGIAR and Dr Geofft
Hawtin, Director General, IBPGR to convince donors to
support the cause of conserving global genetic resources.
These efforts eventually led to the establishment of
Global Crop Diversity Trust (GCDT) in 2004.

As Chairman, TAAS, Dr Paroda organised a
‘Global Consultation on Use and Management of
Agrobiodiversity for Sustainable Food Security’ in
2013 at New Delhi. As President, ISPGR (2016-18),
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he further visualised and organised very successfully
the “Ist International Agrobiodiversity Congress (IAC)’
with 1,000 participants from 60 countries during 6-9
November, 2016 at New Delhi, which was inaugurated by
the Hon’ble Prime Minister Mr Narendra Modi. Besides
its proceedings, the conference also adopted “Delhi
Declaration on Agrobiodiversiy Management’’. The
IAC has now become a regular event as 21d Conference
was held in November, 2021 in Rome organised by the
Government of Italy in collaboration with Bioversity
International and ISPGR. The third one is expected to
be held in China in 2025.

Publications on GR

Dr Paroda brought out several important publications
including books, strategy papers and reports for creating
awareness on conservation and use of agrobiodiversity.
Signficant ones include:

i. Life Support Plant Species — Diversity and
Conservation. National Bureau of Plant Genetic
Resources, New Delhi. Eds. Paroda RS, Kapoor
Promila, Arora RK and Bhag Mal. 1987. 190p:

ii. Plant Genetic Resources-Indian Perspective, Eds. —
Arora RK, Chandel KPS and Paroda RS, National

Bureau of Plant Genetic Resources, New Delhi
1988. 545p;

iii. Plant Genetic Resources — Conservation and
Management Concepts and Approaches. Eds - Paroda
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RS and Arora RK, International Board for Plant
GeneticResources, 1991, 392 p.

iv. Agro-Biodiversity, Conservation, Management and
Use. Eds.-Paroda RS, Rai M.and Gautam PL, 1998.

v. Status of Plant Genetic Resources Conservation
and Utilization in the Asia-Pacific Region: Regional
Synthesis Report. Eds. — Paroda RS and Chandel KPS,
2000;

vi. Strategy Paper on Implementing the International
Treaty to Address Current Concerns about Managing
our Plant Genetic Resources by Dr. RS Paroda, January,
2012;

vii. “Reorienting Indian Agriculture” by Dr RS Paroda
published by CABI, London, 2018. 296p, which has
a Section on Managing Plant Genetic Resources
encompassing three chapters (a) The International
Treaty—Current Concerns; (b) Agrobiodiversity:
Dynamic Change Management, and (c) Managing
Agrobiodiversity Through Use: Changing Paradigms.
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Conclusion

Dr RS Paroda has been a champion for the cause of
genetic resources management for over five decades.
Rightly nicknamed as “Genebank Guru”, his passion for
the subject has led to massive reforms in infrastructure,
capacity building and projects/programs in the arena of
agrobiodiversity management and use, which has a direct
bearing in increasing agricultural productivity leading to
food and nutrional security. The ISPGR eetablished in
1987, was his brainchild and as the Founder (1987-88)
as well as current (2022-24) President of the society,
he has immensely contrubuted in its overall growth and
visibility. Indian agriculture is fortunate to have a globally
recognized visionary like him. On the occasion of his
goth birthday on August 28, 2022, the genetic resources
fraternity wishes this octagerian and living legend many
more years of healthy life and happiness, and he continues
to remain a torch-bearer for generations ahead.
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Use of Plant Genetic Resources for Food and Nutritional Security
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Plant genetic resources (PGR) have been extensively used to develop new cultivars for meeting the emerging
challenges and needs of the society. These have played a pivotal role in assuring food and nutritional security
of the humankind. Our National Agricultural Research System, particularly the National Bureau of Plant Genetic
Resources, has made dedicated efforts to collect indigenous germplasm and introduce exotic germplasm and
conserve the same. Indigenous germplasm has been used to develop crop varieties and even now traditional
varieties/landraces act as rich source of genes of economic importance (submergence tolerance in FR13A rice,
salinity tolerance in Pokkali rice and Kharchia wheat). Exotic germplasm has been used to develop several
landmark varieties including IR 8 rice; Kalyansona and Sonalika wheats, the cultivation of which resulted in
Green Revolution. Hybridization of indigenous and exotic germplasm to combine their desirable traits has led
to remarkable achievements in enhancing crop productivity coupled with adaptation to prevalent agro-ecologies.
The overdependence on improved cultivars of few crops (to ensure food security of increasing human population)
for human diet markedly changed the food consumption pattern causing hidden hunger, and also making these
crops more vulnerable to biotic and abiotic (climate change) stresses. In view of these developments, research
on nutritional security and adaptation to changes in agro-ecologies has been getting greater attention in recent
past with appreciable successes. In these research programmes, unadapted germplasm of same crop species and
wild relatives are being increasingly used. More focussed efforts are needed on acquisition, characterization
and conservation of PGR as well as their use. The International Treaty on Plant Genetic Resources for Food
and Agriculture needs to be implemented in letter and spirit and pre-breeding research on wild relatives be

strengthened to develop usable PGR and be strongly linked with cultivar development.

Introduction

Plant genetic resources (PGR) are the genetic material
of plants having value as a resource for present and
future generations. PGR include land races and primitive
cultivars, modern varieties, parental lines of hybrids,
genetic stocks with known desirable attributes and wild
and weedy relatives of crop plants. Being the building
blocks of improved crop varieties, the availability of
PGR is pivotal requirement in cultivar development
programmes. Earlier there was sufficiently wide food
basket that ensured balanced nutrition of human
beings. As civilization progressed, the ever-increasing
population and changes in lifestyle necessitated
research programmes for productivity enhancement.
Commendable achievements of these programmes in
some crops led to overdependence on wheat, rice, maize,
potato and cassava which meet 75% caloric requirement
of our society. The narrowed food basket resulted in
nutritional deficiencies. The spread of improved varieties
also narrowed on-farm diversity accentuating the damage
due to insect-pests and diseases. Recently, the climate
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change and volatility have added further dimensions. For
addressing these problems, the focus has been greatly
enhanced on search, development and use of PGR for
traits like tolerance to temperature and moisture extremes,
high protein, zinc and iron concentration, and even traits
like low glycemic index and low gluten concentration
to tackle the increasing incidence of diabetes and gluten
intolerance.

Indian centre is one of the eight centres of origin
and one of the 12 mega gene centres of the world. Many
crops, including important ones, namely rice, chickpea,
pigeonpea, mungbean, urdbean, sugarcane, desi cotton,
jute, eggplant, cucumber, mango, citrus, banana have
originated in this centre. India is enormously rich in
plant wealth and lot of variability for these crops has
been collected, conserved and utilized.

Collection of Indigenous Germplasm and its Use

In India, initial sporadic collection of indigenous
germplasm were made in wheat (Howard and Howard,
1906-10, D Milne), jute (Burkill and Finlow, 1907),
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legumes (Shaw et al., 1931-33, rice (Govindaswamy,
1955-60, RH Richharia, 1965, 1977-79; SD Sharma and
SVS Sastry, 1967-1972) and sugarcane (Thuljaram Rao,
1968). Systematic and elaborate work on collection and
maintenance of germplasm was started in 1946 in [ARI,
New Delhi by Dr. Harbhajan Singh and co-workers. The
National Bureau of Plant Genetic Resources (NBPGR),
New Delhi, established in 1976 is the nodal agency for
PGR management in the country.

The systematic plant breeding work in India started
with collection, classification and purification of local
landraces leading to release of wheat varieties T9 and 8A
in the 274 decade followed by rice varieties Jnona 349
and Basmati 370 in 3™ decade of 20t century. Selection
from local landraces continues to yield new varieties with
specific traits like aromatic rice variety Kalanamak from
Nepal/India, low glycemic index variety Chhattisgarh
Madhuraj Paddy-55 developed by refinement of local
cultivar Chaptigurmatiya and Sona Moti variety of
native wheat (T. sphaerococcum). Traditional varieties/
landraces are proving to be rich sources of genes/QTLs
for traits of economic importance, e.g., in rice, the subl
gene from FR13A landrace from Ghaghara Ghat of Uttar
Pradesh, salinity tolerance from Pokkali of Kerala, the
Pupl locus for phosphorous deficiency tolerance in aus
type rice variety Kasalath. Many improved rice varieties
like Swarna sub1 have been developed by utilizing these
resources.

Germplasm Exchange

Export of Indian Germplasm

The rich wealth of PGR in India attracted collectors
from across the globe. The scientists from India and
foreign countries conducted joint explorations to collect
germplasm of rice, wild rice, wheat, barley, wild
barley, tropical forages, Brassica spp., wild crucifers,
minor millets, sesame, cucumber, melons, banana, etc.
William Farrer introduced Indian wheats in Australia
in 1890 for imparting earliness, drought tolerance and
rust resistance in the Australian wheats. Wheat variety
C591 with excellent grain quality was used in Canadian
wheat breeding programme. Wheat variety PBW 65
has been used extensively in breeding programme by
International Maize and Wheat Improvement Center,
Mexico as a source of resistance to Karnal bunt and loose
smut. Chickpea variety C 235 was released in Australia
(as Tyson) and USA (as Farha). Maize composite
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Vijay was released in Nepal (as Rampur Yellow) and
in Pakistan (as J1).

Introduction of Exotic Germplasm

Germplasm exchange, facilitated by human migration,
cross-border trade, foreign invaders as well as domestic
requirements, has been happening since long. Some
important crops like wheat, maize, American cotton,
sunflower, etc. were introduced. There are several
examples of successful deployment of introduced
hallmark germplasm (global elite varieties) as cultivars
namely, wheat Sonora 64, Lerma Rojo 64, and rice IR
8, etc. Mungbean variety SML 668, identified from
the material received from Asian Vegetable Research
Development Centre, Taiwan, revolutionized mung
production during spring season in North India.

Secondary Introductions — Selections from Introduced
Material

These have made a major impact as exemplified by
development of wheat varieties PV18, Kalyansona,
Sonalika during late 60s through selections in
introduced germplasm, the adoption of which resulted
in Green Revolution. Such selections have continued
to revolutionize crop production (wheat mega-varieties
PBW 343, DBW 187). Selected from germplasm
introduced from International Rice Research Institute,
Philippines (IRRI), rice variety PR 106 released in
Punjab in 1976 ruled the state for three decades. Rice
variety PR126 released in 2017, is high yielding, short
duration variety. It fits well in the multiple cropping
system and has become the most sought-after variety in
North-west India. Gobhi sarson (Brassica napus) was
introduced during early 1980s and owing to its higher
productivity, oil content, and resistance to white rust, it
became an important crop in North-west India. Tomato
varieties Punjab Tropic and Punjab Varkha Bahar 4 were
developed through selection from segregating material
received from the USA and Taiwan, respectively. Chilli
varieties Punjab Surkh and Punjab Guchhedar were
selections from germplasm received from Indonesia.

Hybridization of Indigenous and Exotic
Germplasm

The breakthroughs in yield potential have also been
achieved by crossing introduced germplasm with locally
adapted germplasm. Introduced Mexican semi-dwarf
wheat varieties crossed with local germplasm resulted
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in development of landmark varieties including WL
711. Thereafter, wheat introductions carrying 1B/IR
translocation (from rye) possessing higher grain yield
and resistance to biotic and abiotic stresses were used
extensively. In Indian mustard, two varieties (JM 1 and
JM 2) were derived by utilizing white rust resistant
accessions L 4 and L 6 from Canada.

Nutritional Security

Tremendous progress in productivity in certain crops
led to their predominance over vast area. Though, this
progress ensured food security to increasing human
population but caused nutritional insecurity (hidden
hunger) owing to overdependence on few crops for
human diet and other changes in food consumption
behaviour (processed, junk food). To achieve nutritional
security and address human health concerns, research on
identification of novel genes in diverse PGR and their
mobilization to develop biofortified varieties has been
greatly strengthened in recent years. Some nutritionally
superior crop varieties released in India are, high
protein rice CR Dhan 310; high Zn rice DDR Dhan
49; high Zn wheat PBW 1 Zinc, WB 2; high protein
wheat HD 3226, PBW 752; high lysine and tryptophan
Maize Vivek QPM 9; high provitamin A maize Pusa
Vivek QPM 9 improved, Pusa HQPM 7 Improved,
high iron Pearl millet RHB 234, HHB 311; high iron
lentil Pusa Ageti Masoor; Kunitz Trypsin inhibitor
free Soybean NRC-127; lipoxygenase-2 free soybean
NRC 132; high oleic acid Soybean NRC 147; high
oleic acid peanut Girnar 4 and Girnar 5; high linolenic
acid linseed TL99; high provitamin A Cauliflower Pusa
Beta Kesari 1; high anthocyanin potato Kufri Manik;
high provitamin A Sweet potato Bhu Sona; high Fe,
Zn, Vitamin C Pomegranate Solapur Lal. Hybridization
between Australian genotypes led to development of
canola quality Gobhi sarson variety GSC 7 that also
became popular variety in North-west India. Low erucic
acid varieties of Indian mustard (Pusa Karishma, LET
17, LET 18, LES 1-27) were derived from ZEM 1 and
ZEM 2 from Australia.

Use of Wild Relatives

Sometimes genetic variability is not available in adapted
germplasm and necessitates the use of unadapted
germplasm or related species or even wild weedy
relatives. In such cases, prebreeding is needed to
develop usable PGR which used to be a long-term and
tedious project. However, the biotechnological tools now
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available, are being applied to hasten it. High grain weight
and grain number per spike has been transferred from
diploid progenitor species (Ae. tauschii, T. monococcum,
T. boeoticum, T. dicoccoides) to bread wheat. Rust
resistance genes Vviz. Lr 57/Yr40 (Ae. geniculata), Lr 58
(Ae. triuncialis), Lr76/Yr70 (Ae. umbellulata) have been
characterized and mobilized from wild species to elite
wheat background leading to development of varieties
Unnat PBW 343, PBW 803, etc. High grain protein gene

Maize germplasm having plant type required for the
development of cultivars suited for cultivation under high
plant density
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Gpc B1 (originally from T. dicoccoides) and high grain
Fe and Zn QTL’s (from T. monococcum, T. boeoticum)
have been transferred to durum and bread wheats. In
rice, O. nivara, acc. 101508, the only known source of
resistance to grassy stunt virus is being widely used as
donor. Many genes imparting resistance to brown plant
hopper and bacterial blight of rice have been introgressed
from related wild species. These include widely used Xa
21 gene from O. longistaminata identified at IRRI and
Xa 38 gene from O. nivara at PAU. Resistance to aphid
and Sclerotinia stem rot in B. juncea has been achieved
through introgression from B. fruticulosa and Erucastrum
cardaminoides. In pigeonpea, C. scarabaeoides was
used as a source of genes for tolerance to Maruca
vitrata and Phytopathora stem blight besides higher
productivity. In chickpea, resistance to Botrytis grey
mould and Ascochyta blight has been introgressed from
C. pinnatifidum and C. reticulatum.

Nobilization of sugarcane is a classic example of
use of wild relatives. It was initiated by CA Barber and
Venkataraman in 1912 at Sugarcane Breeding Institute,
Coimbatore. Local strains of Saccharum barberi,
(unproductive species that grows wild in North India)
was crossed with tropical noble cane S. officinarum (thick
soft stem, high sucrose content but unsuited to North
India). The resultant hybrid was crossed with wild cane
S. spontaneum, and tri-hybrid canes with high sucrose
content suitable for North India were developed.

Future Perspectives and Action Points

e  PGRsare the backbone of plant breeding programmes
and are vital for food and nutritional security of
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human being. However, after the establishment
of WTO, germplasm exchange and use of PGR
obtained from other sources is becoming increasingly
difficult and complex. The ‘International Treaty on
Plant Genetic Resources for Food and Agriculture’
needs to be implemented in letter and spirit and be
accompanied by the efforts to facilitate acquisition
of germplasm.

The IPRs on PGR needs to be balanced with ‘benefit
sharing’ and ‘farmers rights’.

The database on linking acquisition, characterization
and conservation needs to be strengthened and
regularly updated to facilitate PGR use.

The transformation of multi-institutional CG
system to ‘One CG’ should not adversely affect
the germplasm exchange between CG and national
agricultural research systems.

National Genetic Stock Nurseries needs to be
strengthened.

Dedicated prebreeding programmes need to be
strengthened as an integral part of crop breeding
programmes at least at a few centres to promote
the utilization of genes of interest from wild
relatives.

Deposition of precious breeding lines developed
under multi-institutional collaborative ad hoc
research projects with NBPGR and their sharing
should be made mandatory.
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Crop germplasm diversity contributes to developing improved crop cultivars aimed at increasing crop productivity to
meet future food security needs of world. The large size of germplasm collections and lack of reliable information
on traits of economic importance has resulted in low use (<1%) of germplasm. To facilitate realization of the
potential benefits of germplasm collections to broaden the genetic base of cultivars in many crops, the mini core
(~1% of the entire collection) concept was postulated and a development process proposed, to produce resources
recognized globally as an “International Public Good” (IPG). Mini core collections have been developed in
several crops and new diverse sources of genetic variation identified for biotic and abiotic stresses, agronomic
and nutritional traits for use in crop improvement programs. Using genetically diverse sources scientists have
developed breeding lines with enhanced trait expression and higher genetic gains. Molecular characterization
of germplasm has revealed that phenotypic traits were as effective as molecular markers in sampling allelic

diversity to form mini core collections.

Introduction

Germplasm is the total gene pool of a species consisting
of landraces, advanced breeding lines, elite cultivars, and
wild and weedy relatives. It forms the raw material for
any crop improvement program and plays an important
role in developing cultivars with the intrinsic genetic
potential to mitigate the adverse effects of climate change
on global agriculture. Nikolai Ivanovich Vavilov, was
an early and exemplary advocate of the importance of
genetic diversity for crop improvement and organized
extensive germplasm collections of various crops from
their ‘centers of origin’ and distribution for conservation.
Since then the germplasm collections of major crop
plants continued to grow in number and size. Globally,
7.4 million germplasm accessions are conserved in
about 1,750 genebanks. The vulnerability of genetically
uniform modern varieties, which are often closely related
to one another and planted to large areas, to new pests,
diseases, climatic conditions and changes in market
needs is widely acknowledged. Diverse landraces,
exotics and wild relatives hold a wealth of genes/alleles
which, if included in breeding programs, can help raise
the yield ceiling as well as enhance stress resilience of
agronomically superior cultivars.

*Author for Correspondence: Email-hari.upadhyaya@uga.edu
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Definition and Development of Mini Core Collection

Less than 1% of assembled germplasm has been used
in breeding programs globally (Upadhyaya et al.,
2006). The elite cultivars of many major crops trace
to very few founder genotypes — for example, 50% of
wheat cultivars trace to 9 genotypes; 75% of potato
to 4, and 50% of soybean to 6 (World Conservation
Monitoring Centre, 1992). In chickpea, 41% of cultivars
from hybridization have Pb7 as a parent; in pigeonpea
41% have T1 and T190; in urdbean 64% have T9
and in mung bean 35% have T1. Limited numbers
of germplasm lines were used in chickpea breeding
programs including those of ICRISAT and ICARDA.
At ICRISAT, only 91 germplasm lines have been used
to develop 3,548 advanced varieties during 1978-2004.
L-550 (909 times) and K 850 (851 times) were the most
widely used accessions (Upadhyaya et al. 2006). The
main reasons for low use of germplasm include large
size of collections and lack of reliable data on traits
of economic importance, which show high genotype x
environment interaction (Upadhyaya et al., 2013). To
overcome these problems, Frankel (1984) proposed the
concept of core collections (10% of entire collection)
that can be evaluated more extensively to identify
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promising germplasm. Core collections of various crops
were developed at ICRISAT (Table 1). However, it
was soon realized that even the size of core collections
was unwieldy for replicated multilocational evaluation
to identify sources of variation for traits which show
genotype X environment interaction, as the large field
areas required to evaluate thousands of lines inherently
added to environmental variation. To overcome this,
Upadhyaya and Ortiz (2001) proposed the concept of
mini core collections (10% of core or 1% of entire
collection)

Upadhyaya and Ortiz (2001) proposed a two stage
strategy for developing mini core collections, as follows:

1. Development of a core collection (~10%) from the
entire collection;

2. Evaluation of the core collection for various
morphological, agronomic and quality traits or need
specific characters and selecting a further subset of
about 10% of accessions that sample phenotypic
diversity.

At both stages, standard clustering procedures are
used to identify groups of similar accessions (Fig. 1), to
guide sampling of diversity from the entire collection in
the core or mini core entries. Following this strategy mini
core collections have been developed at the [CRISAT
(Table 1) and several other countries.

Hari D Upadhyaya and Andrew H Paterson

Mini Core Collections Meet the Needs of Plant
Breeders for Variation in Multiple Traits

Plant breeders often work on many traits simultaneously
and prefer sources of variation for multiple traits. The
mini core collections developed at ICRISAT have been
evaluated for various biotic and abiotic stresses, for
nutritional traits and for their agronomic performance
in multilocational replicated trials. Genetically diverse
sources for individual as well as for multiple traits have
been reported in chickpea, groundnut and sorghum
(Upadhyaya et al 2013, 2014, 2019). Such diverse
germplasm with multiple trait-specific sources in
agronomically desirable backgrounds offer breeders
opportunities to combine several genes (Upadhyaya et
al., 2014).

Mini core collections have helped increase use
of germplasm in crop breeding. Pedigree analyses of
chickpea breeding lines developed at ICRISAT revealed
47% greater use of germplasm and use of 7 unique
germplasm accessions during 2005-08. A similar pattern
was observed in groundnut.

Trait Enhancement and Greater Genetic Gains
through Use of Mini Core Sources

The use of diverse groundnut germplasm lines identified
from a mini core collection resulted in developing
exceptionally high oil (up to 63%, compared to ~48%
in control cultivar) and high-yielding breeding lines,

Table 1. Core and mini core collections developed for ICRISAT mandate crops

Chlckpea 16,991 Core 1,956 Crop Sci. 41: 206-210.
1956 22 Mini core 211 Theor. Appl. Genet. 102: 1292-1298
Groundnut 14,310 14 Core 1,704 Genet. Resou. Crop Evol. 50: 139-148
1704 47 Mini core 184 Crop Sci. 42: 2150-2156
Pigeonpea 12,153 14 Core 1,290 Genet. Resou. Crop Evol. 52: 1049-1056
1,290 33 Mini core 146 Crop Sci. 46: 2127-2132
Sorghum 22,473 20 Core 2,247 Crop Sci. 41: 241-246
2,247 21 Mini core 242 Crop Sci. 49: 1769-1780
Pearl millet 20,766 12 Core augmented 2094 Crop Sci. 49: 573-580
2,094 18 Mini core 238 Crop Sci. 51: 51 :217-223
Finger millet 5,940 14 Core 622 Genet. Resou. and Crop Evol. 53: 679-685
622 20 Mini core 80 Crop Sci. 50: 1924-1931
Foxtail millet 1,474 23 Core 155 Plant Genet. Resou. 7: 177-184
155 21 Mini core 35 Field Crops Res. 124: 459-467
Proso millet 833 20 Core 106 Crop Pastu. Sci. 62: 383-389
Barnyard millet 736 21 core 89 Crop Sci. 54: 2673-2682
Little millet 460 20 core 56 Crop Sci. 54: 2673-2682
Kodo millet 656 20 core 75 Crop Sci. 54: 2673-2682

Indian J. Plant Genet. Resour. 35(3): 69-73 (2022)
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Fig. 1. Flow diagram to establish core and mini core collections in a crop species (adapted from Upadhyaya et al., 2009)
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indicating that new germplasm sources contribute to
enhancing genetic gains.

Comparison of Mini Core Collections Developed
using Phenotypic Traits and those Based on
Molecular Markers

In early 2000, when this author (Hari Upadhyaya)
started developing mini core collections of the ICRISAT
mandate crops and presented outcomes in international
conferences, scientists often asked about the efficacy
of phenotypic traits vis-a-vis molecular markers in
sampling diversity to form the mini core collection. Our
collaborative work at ICRISAT with the Generation
Challenge Program helped us to genotype a large number
of germplasm accessions of chickpea, sorghum (both
3,000 accessions), groundnut, pigeonpea, pearl millet and
finger millet (1000 accessions each), and foxtail millet
(500) with 20-50 simple sequence repeats (SSR). The aim
was to study genetic diversity, population structure and
to establish reference sets of 200-400 genetically diverse
accessions. To cite an example, the genetic structure,
diversity and allelic richness in a world composite
collection of chickpea (3,000 accessions), using 48
SSR markers, was assessed and a reference set of 300
accessions was established at ICRISAT (Upadhyaya et
al., 2008). The 48 SSR markers detected 1,683 alleles
in 2,915 accessions, of which 935 were considered rare,
720 common and 28 most frequent. The composite
collections were also characterized for qualitative and
quantitative traits at ICRISAT Center, Patancheru, India.
Reference sets based on SSR markers, qualitative traits,
quantitative traits and their combinations were formed and
compared for allelic richness and diversity. In chickpea,
for example 48 SSR based reference set captured 78.1%
of 1683 alleles in the composite collection compared
to 73.5% of alleles in the reference set based on seven
qualitative traits. The reference sets based on SSR
and qualitative traits captured 80.5% (1,354) of alleles
in the composite collection. Similarly, in groundnut
the SSR-based reference set captured 95.1% (466) of
alleles in the composite collection (490) compared to
93.3% (457) of alleles in the reference set based on
14 qualitative traits. The reference sets based on SSR
and qualitative traits captured 95.9% (470) of alleles in
the composite collection. In pigeonpea, a reference set
based on SSR data and consisting of 300 most diverse
accessions, captured 187 (95%) of the 197 alleles in the
composite collection.

Indian J. Plant Genet. Resour. 35(3): 69-73 (2022)
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Another reference set based on qualitative traits
captured 87% of the alleles in the composite set. This
demonstrated that SSR and qualitative traits were
similarly efficient in capturing the allelic richness of
composite collections, and thus mini cores that were
selected using phenotypic traits were as good as those
based on SSRs.

Mini Core Collections as Association Mapping
Panel

A sorghum mini core collection has been used as an
association mapping panel for various traits such as plant
height, maturity, kernel weight and number, resistance
to grain mold, rust, anthracnose, germination at low
temperature, saccharification yield and other traits.

Conclusion

To meet unprecedented challenges to global agriculture
in the 215¢ century, new genetic variation for developing
climate-resilient crops is required. Further, climate
resilient cultivars of many taxa, for example pulses,
must be nutritionally dense to mitigate adverse effects
of malnutrition. Enhanced use of germplasm is needed
to develop such cultivars. The concept and process of
forming mini core collections, which was recognized as
an International Public Good, is very useful in identifying
promising sources. Genetically diverse parents provide
opportunities to identify transgressive progeny with
greater trait expression and enhanced genetic gains.
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Biofortified Crops—Boon for Nutritional Security
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Micronutrient deficiencies of iron, zinc, and vitamin-A are such serious global health issues, that it affects one
out of every three people worldwide. The intensity of this “hidden hunger” compels us to acknowledge global
nutritional security issues. Plant based food are the most popular and trending choices for people of all rungs
of the social ladder. Biofortification is a sustainable and promising process of improving nutrition in plant based
food through different agronomic approaches, conventional plant breeding and genetic engineering. Biofortified
crops have been developed with high iron, high zinc, vitamin-A, with other nutritional quality enhancements
and these crops have already proved to be a ‘boon for nutritional security’. This review highlights some selected
Biofortified crops with special reference to rice (Oryza sativa), as 50% of the global population relies on it.

Key Words: Hidden hunger, Biofortification, Nutritional Security, Rice, Wheat, Maize, Cassava,

Legumes

Introduction

Human population is ever increasing and is currently
more than 7 billion (Fig. 1A). According to a United
Nations new report, we will be 9.8 billion by 2050 and
11.2 billion by 2100 (www.un.org/en/desa, accessed on
July 18,2022). An increase in the global food production
(Fig. 1B) is the need of the hour to ensure food security.
Food may satisfy hunger but only nutritionally enriched
food can satiate “hidden hunger”.

Malnutrition has affected more than 2 billion people
around the world, mostly in countries of South Asia,
Africa and Latin America (FAO, 2015). It stealthily
compromises the immune system, declines growth of
the mind and body and increases chances of mortality.
Daily, more than 24,000 people die globally owing to
malnutrition (Fiaz et al., 2019). Iron deficiency anaemia
(IDA), zinc deficiency, and vitamin-A deficiency (VAD)
are common among the malnourished population.
Children of sub-Saharan Africa, South and Southeast
Asia are suffering from VAD and its associated risks
more than other countries in the world (Wu et al., 2021).
Such deficiency makes these children vulnerable to
VAD associated infectious, diarrheal diseases, blindness,
sensory losses, and premature death (Schmitz et al.,
2012).

*Author for Correspondence: Email-swpndatta@yahoo.com
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Adequate supply of nutrient enriched diversified
food, and food supplements may not be sustainably
available to the affected malnourished population. One
of the sustainable approaches to combat malnutrition
in all the affected parts of the world is through
nutrition enriched food crops (Welch, 2002). Cereal
crops contribute the most in the daily energy intake in
malnourished populations. People from Asia and Africa
depend on such staple crop meals to meet 60-80% of
their per day energy requirement (Fig. 1C). Rice, wheat
(Triticum aestivum) and maize (Zea mays) are the most
popularly produced cereal crops worldwide (Fig. 1D). It
is understandable that nutritional improvement of these
crops could have a massive positive health impact on
the world population.

Crops that have been developed for the purpose
of fighting against malnutrition are called biofortified
crops. These can be developed by means of conventional
breeding and genetic engineering. As many as 35
countries have accepted and released such biofortified
crops (conventionally bred) for cultivation and were
consumed by a population of 40 million (Fig. 1E)
(Mishra et al., 2022).

Recently, a high provitamin-A rice variety (Golden
Rice) developed through genetic engineering has been
released in the Philippines (Majumder et al., 2022).
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yielding, disease resistant.

Vitamin A Cassava

Nutritional Benefits: Provides up to 100%
of daily vitamin A needs. Farmer Benefits:
High yielding, virus resistant.

Vitamin A Sweet Potato
Nutritional Benefits: Provides up to 100%

of daily vitamin A needs. Farmer Benefits:
High yielding, virus resistant, drought tolerant.

Zinc Rice

Nutritional Benefits: Provides up to 40%

of daily zinc needs. Farmer Benefits: High
yielding, disease and pest resistant.
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E N | Zinc Wheat Iron Beans
- Nutritional Benefits: Provides up to 50% Nutritional Benefits: Provides up to 80%
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yielding, virus resistant, heat and drought tolerant.

Vitamin A Maize

Nutritional Benefits: Provides up to 90%

of daily vitamin A needs. Farmer Benefits: High
yielding, disease and virus resistant, drought toleran

Zinc Maize

Nutritional Benefits: Provides up to 70% pf daily
zinc needs. Farmer Benefits: High yielding,
virus resistant.

Iron Pearl Millet

Nutritional Benefits: Provides up to 80%

of daily iron needs. Farmer Benefits: High yielding,
mildew resistant, drought tolerant.

Fig. 1. The world population and cereal nutrition. Current world population by region (A). World population by region projected
upto 2100 (B). Share of energy intake from cereals (C). Worldwide yield (tonnes/hectare) of three major cereal crops- rice,
wheat, and maize according to 2018 data (D). Released biofortified crops created by conventional breeding approaches (E). This
infographic is created based on the information from https://www.harvestplus.org/ and https://ourworldindata.org/micronutrient-

deficiency, accessed on July 20, 2022.
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Biofortified Rice

Rice is undisputedly the leading cereal crop as a major part
of the global population rely on it for upto 70% of their
daily calories (Mishra et al., 2018). Modern techniques
of molecular breeding were essential to the development
of many biofortified rice varieties. The provitamin-A
enriched Golden Rice, is one such variety which was
recently approved in the Philippines and hopefully it
will be also approved soon in Bangladesh (Wu et al.,
2021). Different approaches have been successfully
applied to developed high iron and high zinc biofortified
rice. Recently, the CRISPR/Cas9 genome editing tool
was used to develop high oleic rice (Abe et al., 2018).

Golden Rice

Invention of golden rice was a much celebrated
application of metabolic engineering. Bacterial and plant
genes were introduced into rice to produce f-carotene,
a pro-vitamin A precursor. Synthesis of B-carotene in
rice endosperm, specifically in non-photosynthetic tissue
like endosperm (edible part), requires overexpression
of phytoene synthase (PSY) from daffodil (Narcissus
pseudonarcissus) and bacteria (Erwinia uredovora)
phytoene desaturase (CRT-I) (Datta and Datta, 2020).
Presence of B-carotene in the endosperm adds the golden
(yellow orange) colour (Fig. 2).

Shuvobrata Majumder et al.

Introduction of Daffodil PSY gene into japonica
rice variety (Taipei-309),a carotenoid synthesis pathway
intermediate photoene was induced in rice endosperm
Burkhardt et al. (1997). This proved the principle that
provitamin-A can be synthesised in a non-photosynthetic,
carotenoid-lacking plant tissue (endosperm). This report
is considered as the first golden rice (golden rice—1)
development. The same research group also transformed
Daffodil PSY and lycopene B—cyclase (LCY) with
bacterial (E. uredovora) CRT-I into Taipei-309 giving
results of 1.6 pg/g total carotenoids (Ye et al., 2000).
Combination of these genes gave similar amounts of
total carotenoids (1.05 pg/g) in other rice cultivars of
IR 64, BR 29, Nang Hong Cho Dao and Mot Bui as
reported by Datta et al. (2003). Till date, 37.0 pg/g of
total carotenoids have been reported (golden rice-2)
using maize ZmPSY and E. uredovora CRT-I genes in
japonica rice cultivar— Asanohikari (Paine et al., 2005).

In the last two decades, continuous improvement has
been observed in golden rice research (Fig. 3). Initially,
golden rice was developed using different japonica rice
varieties but about 90% of the rice consumers preferred
indica rice worldwide (Khush 2001). Therefore, Golden
indica rice development was emphasised by multiple
research groups with different promoters and gene
combinations for better accumulation of carotenoids

PSY CRT1
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Golden Rice

Fig. 2. Metabolic engineering in rice and p-carotene expression in rice grains. Conventional rice is unable to produce p-carotene
in its endosperm but golden rice harbours phytoene synthase (PSY), and phytoene desaturase (CRT-I) genes from other sources
and can produce fB-carotene in the endosperm. Source of the golden rice picture is from Datta et al., 2007.
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@

Fig. 3. Timeline (1997-2021) of Golden rice development and
its advancement research

Food Standards Australia New Zealand,
Health Canada, US FDA recommended
Golden rice for commercialization

Philippine approved Golden
Rice for Production

in the rice seeds (Datta 1999; Datta et al., 2003, 2006,
2007, 2014; Parkhi et al., 2005; Rai et al., 2007; Rehana
et al., 2018; Ghosh et al., 2019).
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One limitation of golden rice is deterioration of its
carotenoid level during storage (Datta et al., 2021). This
is caused by lipoxygenase (LOX) that catalyses lipid
peroxidation resulting i n the seed quality deterioration.
LOX produces hydroperoxy fatty acids which oxidise
carotenoids and decolourize seeds (Gayen et al., 2015).
Diminishing LOX activity in golden rice seeds can give
better stability to carotenoids during storage. Seed specific
RNAi-mediated LOX gene silencing in golden rice
showed less deterioration of carotenoids and stabilised
seed quality (Gayen et al., 2014, 2015, 2016).

Recently the three distinguished agencies for
international food safety regulation - the Food Standards
Australia New Zealand, the Health Canada, and the
United States Food and Drug Administration, highly
approved ‘Golden Rice’ for commercialization (Datta
and Datta, 2020). The Philippines, is the first country
in the world for planting and cultivation of golden rice
(Wu et al., 2021). Positive perception is gradually
developing towards commercialising golden rice with
the availability of positive biosafety data on it (Owens
et al., 2018).

High Iron Rice

According to the World Health Organization (WHO)
estimation, around 800 million children and women are
affected by anaemia (WHO, 2015). Developing countries
(regions like South—East Asia, Eastern Mediterranean
and African) endure IDA more than the higher—income
zones (North America, Europe and some parts of Central
Asia) (Majumder et al., 2022). Iron biofortified rice
could save many lives from these regions. High iron
rice has been achieved by multiple strategies some of
which are discussed here.

Overexpression of ferritin gene

Upto 4500 iron atoms can form a complex (non-toxic)
with the multi-subunit protein ferritin and from this
complex the human intestine can absorb iron ions
(Andrews et al., 1992). Soybean (Glycine max) ferritin
genes SoyferH1 and SoyferH2 were found to be useful
for developing iron biofortified rice (Kok et al., 2018).
Soybean ferritin gene was expressed in rice with the
help of globulin and glutelin promoters (Goto et al.,
1999; Lucca et al., 2002; Vasconcelos et al., 2003; Qu
et al., 2005; Khalekuzzaman et al., 2006; Oliva et al.,
2014). Rice ferritin gene (Osferl) was transferred into
Pusa Sugandhi II rice under the control of a glutelin
promoter that accumulated over 2-fold iron in milled
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rice grains (Paul et al., 2012). Upto 4.4-fold increment
of iron content has been reported in IR64144 rice using
the Soybean ferritin gene (Vasconcelos et al., 2003) and
upon being introduced into the Swarna rice variety, this
gene produced 2.54—fold more iron in milled rice than
the control (Paul et al., 2014).

Silencing of Phytic Acid in Rice Grains

Phytic acid (myo—inositol-1,2,3,4,5,6-hexakisphosphate
or IP6 or InsPy) is commonly found in cereals. It
predominantly accumulates in the seeds as insoluble
complex salt of mineral ions, known as phytate. It
is highly potent in chelating divalent ions like iron
(Fe2"), zinc (Zn?"), magnesium (Mg2"), and calcium
(Ca®™), thereby reducing their bioavailability in the
body (Majumder et al., 2019). Down regulation of myo
-inositol-3-phosphate synthase (MIPS), which catalyses
the initial step of phytic acid biosynthesis pathway in rice
seeds, successfully generated low phytate seeds. Initially
the down regulation process was driven by constitutive
CaMV35S promoter (Feng and Yoshida, 2004) and later
by seed specific promoters like Glutelin B-1 (Kuwano
et al. 2006) and Oleosin 18 (Kuwano et al., 2009 and
Ali et al., 2013a) to eliminate the undesirable effects on
vegetative tissue. Reduction of phytic acid level in rice
seeds was also achieved by tissue specific downregulation
of myo-inositol trisphosphate kinase (ITPK) in Khitish
rice cultivar (Karmakar et al., 2020 and Sengupta et
al., 2021) and myo-inositol pentakisphosphate-2-kinase
(TPK1) in Pusa Sugandhi IT (Ali et al., 2013b). Recently,
Sengupta et al. (2021) reported that seed specific
downregulation of rice ITPK-2 gene reduces 37% of
phytic acid content in the transgenic seeds.

Degradation of Phytic Acid

Phytase is an enzyme that can degrade phytate (a salt
form of accumulated Phytic acid) and release chelated
minerals, including phosphate. Unfortunately, the
digestive tract of monogastric animals, including humans,
possess negligible or no phytase activity (Colombo et
al., 2020). Due to that, monogastric animals can break
down only about 10% of the phytate during digestion
and causes major unavailability of important divalent
ions of iron, zinc, magnesium, and calcium. Fortunately,
degradation of phytate was achieved in rice by seed
specific expression of the phytase gene- Afphytase,
derived from fungi (Aspergillus fumigatus) (Wirth et al.,
2009; Boonyaves et al., 2016, 2017) and the phytase
gene-appA, derived from bacteria (Escherichia coli)
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(Bhattacharya et al., 2019). Recent study in Khitish
indica rice cultivar showed that seed specific expression
of the E. coli appA gene not only increased twofold
iron content but also increased zinc by threefold and
inorganic phosphorus (Pi) levels by fourfold in rice grains
(Bhattacharya et al., 2019). Such rice biofortification
strategies can improve the bioavailability of multiple,
nutritionally important, divalent ions at a time.

Improvement of Iron Bioavailability

Studies have shown that absorption of non-haem iron
can be increased by cysteine—rich metallothionein (MT)
(Taylor et al., 1986; Hsieh et al., 1995). A combination
of MT gene and Afphytase iron-biofortified Taipei-309
rice was developed that could complete the degradation
of phytic acid (Lucca et al., 2001). Thereby genes or
combination of genes can be used to ensure better
absorption of divalent ions to improve bioavailability.

Chelation-based Strategy

When the iron concentration is low, roots of graminaceous
staple crops (including rice) secrete phytosiderophores
(PS) like mugeniec acid (MA) and avenic acid at a
low concentration which chelates iron or zinc from
the soil (Romheld and Marschner, 1990; Marschner
and Romheld, 1994). Two genes — nicotianamine
synthase (NAS) (OsNAS1, OsNAS2, and OsNAS3) and
nicotinamine transferase are responsible for PS synthesis
in rice (Huguchi et al., 1999; Nozoye et al., 2011). The
rice NAS gene was overexpressed to develop high iron
biofortified rice (Lee et al., 2009; Johnson et al., 2011;
Lee et al., 2012). In some cases NAS genes (HVNAS1)
from Barley (Hordeum vulgare) and Barley’s IDS2 and
IDS3 genes increased iron content in grains of polished
rice (Masuda et al., 2008, 2009; Suzuki et al., 2008). This
seed specific expression of PS (chelation based) strategy
provided double iron concentration in biofortified rice.

Zinc Biofortified Rice

The zinc-regulated, iron-regulated transporter-like
proteins (ZIP) family protein in rice facilitate Zn and
Fe uptake and homeostasis. Overexpressing the ZIP
family genes OSIRT and MXIRT elevated zinc and iron
concentration in rice grain (Lee and An, 2009; Tan et
al., 2015). Zinc accumulation in seeds was increased by
using a combination of AtIRT1, AtNAS1 with Pvferritin
gene expression in biofortified rice (Boonyaves et al.,
2017). Approaches for rice iron biofortification also
gave positive results of zinc accumulation in seeds.
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Strategies of expressing the Osfer2 gene (Paul et al.,
2012), and silencing of important genes of the phytic
acid pathway- MIPS (Ali etal., 2013a), IPK1 (Ali et al.,
2013b), and ITPK genes (Karmakar et al., 2020; Sengupta
etal., 2021) in rice was accompanied by increased zinc
content in the seeds along with iron.

High Oleic Rrice

Oleic acid (18:1, monounsaturated) is one of the fatty
acids found in rice grains that has many health benefits.
It helps maintain healthy blood pressure, prevent heart
attack, stroke and other cardiovascular diseases (Lopez—
Huertas, 2010). Four fatty acid desaturase 2 (FAD2)
genes — OsFAD2-1, OsFAD2-2, OsFAD2-3, and
OsFAD2-4 have been identified in rice. OSFAD2-1 is
directly involved in oleic acid to linoleic acid conversion
(Zaplin et al., 2013). Down regulation of the OSFAD2-1
gene can help maintain a higher amount of oleic acid in
rice by preventing conversion to linoleic acid. CRISPR/
Cas9 knockout OsFAD2-1 gene from Nipponbare
rice confirmed this hypothesis as the concentration of
oleic acid in rice seeds surged by twofold (Abe et al.,
2018). Rice bran oil (RBO) made from such CRISPR-
ed (knockout OSFAD2-1) rice cultivars can have high
commercialization potential as RBO is favoured by many
Asian households as ‘healthy cooking oil’.

Wheat Biofortification

After rice, wheat is the second most popular and produced
cereal crop in the world (Fig. 1D). It is a staple food for
around 30% of the world population (Lobell etal., 2011).
Agronomic, genetic approaches and available genomic
resources for wheat biofortification have been recently
reviewed in multiple articles (Ludwig and Slamet-Loedin
2019; Saini et al., 2020; Ali and Borrill, 2020). Research
on wheat biofortification is limited compared to rice.

Provitamin-A biofortification was achieved in wheat,
by maize PSY and bacterial (E. uredovora) CRT-1 gene
introduction into an elite wheat variety EM12 (Cong
et al., 2009). In another report provitamin-A content
increased 76-fold upon expressing the bacterial CRT-B
and CRT-I genes in Bobwhite wheat (Wang etal., 2014).
When the OsNAS?2 gene was made to overexpress under
a maize ubiquitin promoter in wheat, the iron content
increased by 2.1-fold and zinc content by 3.7-fold in
the grains (Singh et al., 2017). Similar results were
reported in another study where overexpression of the
OsNAS2 gene in wheat increased iron content by 1.4-
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fold (Beasley et al., 2019). Seed specific expression of
the soybean ferritin gene in wheat resulted in 40 pg/g
of iron accumulation in the wheat foliage (Drakakaki et
al., 2000) and 44.5 pg/g surged iron in the biofortified
wheat endosperm (Borg et al., 2012). A vacuolar-iron
transporter- TaVIT2 gene was expressed under a seed-
specific promoter, which resulted in a two-fold increase
in iron content than its control (Connorton et al., 2017).

Maize Biofortification

Provitamin-A (p—carotene) biofortification in maize
through transgenic approaches was successfully
implemented. The bacterial CRT-B and CRT-I genes,
expressed in maize, surged up 34—fold (9.8 pg/g) more
B—carotene in the endosperm than control seeds (Aluru et
al., 2008). In another study, corn PSY-1 and the bacterial
(E. uredovora) CRT-I genes were introduced in M37W
maize variety under wheat glutenin promoter and barley
D-hordein promoter, respectively that accumulated 60
ug/g B—carotene in biofortified maize (Naqvi et al., 2009).
Updates on maize biofortification for provitamin-A,
zine, vitamin-E, high protein through conventional
and molecular breeding, and country wise commercial
availability of such biofortified maize varieties have been
recently reviewed by Prasanna et al. (2020).

Cassava (Manihot esculenta) Biofortification

More than 800 million people in the world consume
cassava and the sub-Saharan African population gets
50% of the daily calories from it (Howeler et al.,
2013). Biofortification for iron, zinc, provitamin-A have
been achieved in cassava. For iron biofortified cassava
development algal iron assimilatory protein FEA1 has
been introduced into cassava and resulted in a threefold
increase in iron content (Themere et al., 2012). When
the Arabidopsis vacuolar iron transporter VIT1 gene
was transferred into cassava it gave four-times increase
in iron accumulation in the root (Narayanan et al.,
2015). Combined expression of three genes — AtIRT1
(iron transporter), FER1 (ferritin) and VIT1 resulted
in 18-times higher iron accumulation and 10-times
higher zinc accumulation in the biofortified cassava
(Narayanan et al., 2019). For zinc biofortification,
Arabidopsis zinc transporter gene AtZIP1 and AtMTP1
were transferred into cassava (Gaitan-Solis et al., 2015).
Carotenoid accumulation upto 6.67 pg/g in cassava has
been achieved by expressing the bacterial CRT-B gene
(Welsch et al., 2010).
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Legumes Biofortification

Legumes are an excellent source of nutrition, having
high protein, minerals, dietary fibre, and complex
carbohydrates. The amount of certain minerals, like zinc
and calcium, is low in legumes (Wang et al., 2003). Plant
growth-promoting bacteria (PGPB) play a significant role
in the biofortification of legumes (Roriz et al., 2020).
Iron content of mung beans (Vigna radiata) has been
increased by 3.4-fold in association with the strain of
Pantoea dispersa (Patel et al., 2018). The lysine content
of pigeon pea (Cajanus cajan) was increased significantly
in the transgenic line (Thu et al., 2007). Genome-editing
technology has been used successfully in several legume
crops for biofortification (Bhowmik et al., 2021). Fatty
acid and isoflavone content of soybean was increased
by CRISPR-Cas9 mediated genome editing technology
(Zhang et al., 2020). Amino acid and proteins have been
increased by traditional breeding in mungbean (Abbas
et al., 2019).

Conclusion

Nutritional security can be achieved sustainably through
biofortified crops. The global catastrophe of losing
human lives to VAD, IDA, and zinc deficiency and
related health problems can be extensively reduced by
including provitamin—A, high iron, and zinc biofortified
cereals in the diet. Not only do malnourished people
need biofortified crops, nutritional enriched foods are
important for everyone. Nutrition is crucial for better
immunity and to fight the ongoing COVID-19 pandemic
that made it evident to the world the urgent necessity
for nutritionally enriched, sustainable biofortified foods.
World governments and policymakers must find a way
to accelerate biofortified crops adoption specifically
in those countries where hidden hunger is engulfing
the vulnerable masses. The approval of Golden rice
cultivation in the Philippines has inspired the world to
shun taboos related to GMOs and accept the simplicity
of scientific evidence for the noble cause of human
wellbeing.
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Plant Genetic Resources play an important role in the genetic enhancement of different crops leading to food and
nutritional security of the nation. India is genetic diversity rich country with more than 4.62 lakh accessions of
2065 crop species conserved National Gene Bank at National Bureau of Plant Genetic Resources, New Delhi.
Oilseeds are integral part of the various crop breeding programmes under National Agricultural Research System.
In case of nine edible oilseed crops grown in India 57977 accessions of 13 species are conserved in the National
Gene. In general, it has been observed that the utilization of germplasm conserved in the National Gene Bank
is very low. Characterization of the germplasm and identification of trait specific donors is pre-requisite for
successful utilization in the various breeding programmes. In this direction efforts have been made by the Oilseed
Breeders in the country and in addition to release and notification of 956 varieties of nine oilseed crops since
1969, 193 novel genetic stocks of different oilseed crops for different agro-morphological, biotic and abiotic stress
tolerance, high seed meal and oil quality traits have been registered with NBPGR. In addition, a large number
of exotic collections have also been procured and being utilized in breeding programmes and more trait specific
germplasm of all the oilseed crops has been identified along with their source country. For Atmanirbharta in
edible oils in our country, we need to follow two-pronged strategy i.e. horizontal expansion targeting more area
under oilseed crops and vertical expansion by deploying high yielding varieties and adoption of good agricultural
practices. In vertical expansion breeding high yielding varieties is the main component which can be achieved
with the use of diverse germplasm available globally. Hence, characterization and wider use of trait specific
diverse germplasm of oilseed crops will be of great help in making the country Atmanirbhar in edible oils.

Background

Oilseed crops are great gift of nature to mankind which
are source of food (salad, oil, margarine, vanaspati,
shortening, cooking, and bakery), feed and industrial
raw material (pharmaceutical products, soap, paints
and resins, coatings, linoleum, cosmetics, lubrication,
chemicals, plastic coatings, and ethanol). In India total
nine oilseed crops viz., soybean (Glycine max Merr.),
groundnut (Arachis hypogaea L.), rapeseed mustard
Brassica spp.), sunflower (Helianthus annus L.), safflower
(Carthamus tinctorius L.), sesame (Sesamum indicum
L.), niger (Guizotia abyssinica Cass.), linseed (Linum
usitatissimum L.) and castor (Ricinus cummunis L.) are
being grown. Among these nine oilseed crops; soybean
(35%), groundnut (26%), rapeseed & mustard (30%)
contribute to more than 91% of total oilseeds production
and has more than 80% share in indigenous edible oil
with major share of mustard (35%), soybean (23%) and
groundnut (25%). Other edible oilseeds like sesame,
linseed, safflower and sunflower are constantly losing
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their acreage, as well as their share in gross cropped
area. In totality, oilseeds have registered continuous
growth in area, production and productivity since 1950-
51 which has about 2.70 times increase in area, 7.00
times increase in production and 2.60 times increase
in productivity (Fig. 1). The major breakthrough in
area, production and productivity was witnessed after
implementation of Technology Mission in Oilseeds and
pulses during 1985-86. However, the fluctuations in area
and variation in yield is a major factor for production
variability during all decades, which is an indication of
risks associated with oilseeds.

During 2020-21, against the total demand of 23.46
million tons of edible oils in India; 8.97 million tons
was met through domestic production and 14.60 million
tons through imports which is attributed to increasing
population, enhanced per capita consumption and low
productivity. The low productivity of oilseeds is due
to many reasons including cultivation of these crops
on low and marginal lands, impact of climate change
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Fig. 1. Ever increasing edible oil imports: A challenge

like recurring drought and water logging, temperature
fluctuations, frost and various emerging biotic stresses
in the form of diseases, insect-pests and weeds. In
comparison to average global productivity and countries
with highest productivity, except castor we are far behind
(Fig. 2).

It clearly indicates that ample scopes exist for
genetic enhancement of different edible oilseeds crops
for making the country Atmanirbhar in edible oils which
can be achieved by breeding resistant/ tolerant varieties
for the various biotic and abiotic stresses with globally
competitive enhanced seed yield, oil content and quality
of seed meal and oil is the need of the hour to reduce
the constantly increasing import bills on edible oils.
Hence, serious research efforts are required to enhance
the production and productivity using latest breeding
tools to mine and utilize the germplasm with desirable
traits.

Present Status

Plant genetic resources (PGR) play an important role as
these are the basic constituent in any varietal development
programme using naturally occurring variability for
different agro-morphological traits. For strengthening
genetic resources management; evaluation, conservation
and documentation of germplasm, exchange under
appropriate quarantine measures and distribution of
germplasm for utilization as well as medium- and long-
term conservation of valuable germplasm in National
Gene Bank for posterity of mankind are essential
activities. Characterization and evaluation are important
activities under plant genetic resources programmes. The
genetic resources can be broadly classified into landraces,
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Fig. 2. Comparative productivity status of Oilseeds — India World
and Country with highest productivity

wild relatives of crop species, genetic and cytogenetic
stocks, breeding lines, modern cultivars and mapping
populations which provide basic raw materials to crop
improvement programmes and act as reservoir of genes
for resistance to various biotic and abiotic stresses. Over
462,606 accessions of various crop plants belonging to
2065 species are currently stored in the repository (as
on 31.07.2022), of which 57977 accessions belong to
different oilseed crops representing 13 genera and 77
species (Table 1).

In comparison to the total germplasm conserved in
the Nation Gene Bank, use of germplasm by breeders
is inadequate. For the use of conserved germplasm and
efficient utilization of available genetic diversity; large-
scale systematic evaluation is generally a pre-requisite.
However, except a few crops, the information on the

Table 1. Status of oilseed germplasm base collections in National
Genebank (-18°C)

Groundnut (Arachis speices) 20 13514
Brassica species 20 11470
Taramira (Eureca species) 2 389
Crambe/ abyssinian mustard 1 20
(Crambe abyssinica)
Garden Cress (Lepidium sativum) 1 73
Safflower (Carthamus species) 4 7014
Sesame (Sesamum species) 10 10121
Soybean (Glycine species) 3 5195
Sunflower (Helianthus species) 10 1974
Linseed (Linum species) 3 2833
Castor (Ricinus communis) 1 2672
Niger (Guizotia abyssinica) 1 2378
Perilla (Perilla frutescens) 1 324
Total 77 57977
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Table 2. Oilseeds crop varieties released (1969-2021) and germplasm registered (till 2021) in National Gene Bank at NBPGR

C rop

Soybean

Brassica 19 13 17
Groundnut 2 20 6
Sunflower 2 2
Sesame 1
Safflower 1 1 2
Niger

Linseed 1 1
Castor 2 19 12
Total 14 57 41

sources of resistant donors from germplasm conserved
in the National Gene Bank at NBPGR, New Delhi and
their genetic diversity status based on agronomic traits
is also limited. Trait discovery and identification of
novel traits is one of the important activities of NBPGR
and commodity based ICAR Institutes and ICAR - All
India Coordinated Research Projects Centres operating
in Central and State Agricultural Universities. Total
193 novel genetic stocks of different oilseed crops,
thus, developed and characterized for different agro-
morphological, biotic and abiotic stress tolerance, high
seed meal and oil quality traits are registered by Plant
Breeders and other researchers working in the National
Agricultural Research System (NARS) with NBPGR for
their use in future breeding programmes. In addition
during 1969 to 2021, 956 improved crop varieties of
different edible oilseed crops have also been released
and notified for cultivation by the farmers (Table 2).

To expedite the process of characterization
of available germplasm and for traits discovery,
a Consortium Research Platform (CRP) on Agro-
biodiversity’ was lunched by the Indian Council of
Agricultural Research so that germplasm conserved
at NBPGR could be effectively linked with enhanced
use in crop improvement under National Agricultural
Research System (NARS). Under this programme,
Indian mustard was prioritized for detailed evaluation
at different hotspots for different agro-morphological
traits, biotic and abiotic stresses under field conditions
and further validate the resistance under laboratory
conditions so that the accessions carrying resistance
against diseases along with agronomic superiority are
identified for use in breeding for disease resistant and
high yielding varieties in Indian mustard. Other than the
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Trait speclﬁc ger mplasm (Donors) registered till 2021
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1 7 65

3 1 5 92
1 1 7 46

24

2 2 1 7 88
2 1 1 37 52
34 26 31 193 956

CRP, multi-location evaluation trails in many crops are
also carried by ICAR-NBPGR and many trait specific
germplasm lines are identified to register and share
them as donors for various important traits. During
past more than one-decade efforts have been made to
identify abiotic stress tolerant germplasm in selected
oilseed crops (Table 3).

Access to the exotic germplasm: In general, in
most of the crop improvement programmes, it has been
observed that use of exotic germplasm leads to higher
heterosis as well as transgressive segregants, however
some linkage drags are always a limiting factor which
can be eliminated by various breeding and biotech tools.
In India, during 2019-21, 4377 accessions of ten oilseed
crops from USA, Netherlands, Argentina, Canada,
Uganda, Niger, Netherlands, United Kingdom, Ethiopia,
Kenya, Japan, Czech Republic, France, Switzerland,
Australia were introduced based on the indents of public
and private sector organizations for use in the different
breeding programmes (Table 4).

Way Forward

To increase the total production of oilseeds for making
India Atmanirbhar in edible oils, the two approaches
are discussed widely viz., 1) Horizontal expansion i.e.
Area Expansion under Oilseeds including searching new
avenues, crop diversification, oilseeds in non-traditional
areas and enhancing cropping intensity by including
short duration varieties of oilseed crops; and 2) Vertical
increase i.e. Improving Productivity of oilseed crops
including breeding of high yielding hybrids/varieties
using diverse germplasm and modern biotech tools like
marker assisted selection, transgenics and gene editing;
crop management and soil and moisture management.
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Table 3. Promising germplasm lines of different oilseed crops germplasm idneitifed during past one decade

Rapeseed mustard

Groundnut

Soybean

Sunflower

Castor

Salt tolerance
Drought tolerance
Heat tolerance

Frost tolerance

Low and high
temperature tolerance

Drought tolerance

Drought tolerance
Water logging tolerance

Heat tolerance
Photo-insensitivity
Long Juvenility
Drought tolerance

Drought tolerance

CS-52, CS-54, CS-234-2-2, CS-56, RH-8814 (IC-401570), CS-58, CS-1100-1-2-3-5-1, CS-1500-1-
2-2-2-1, BPR-540-6

RH-781, RH-819, RH-406, RB-50, RH-725, RVM-2, Pant Rai-20, RGN-298, Aravali, Geeta,
Shivani, DRM-541-44

Pusa Vijay (NPJ-93), Pusa Mustard 25 (NPJ-112), Pusa Mustard 27 (EJ-17), Pusa Mustard 28 (NPJ-
124), BPR-540, BPR-541-4, BPR-543-2, BPR-549-9, Pant Rai-18, RH-406, RGN-229, RGN-236,
RGN-298

RH-819, RGN-48

NRCGs 14480, 14324, 14367, 14414, 14333, 14492, 14454 and released groundnut varieties viz.,
ALR 2, ALR 3, GJG 9, GG 13, Somnath, KRG 1, JGN 3, LGN 1, TAG 24, JL 220, Narayini, ICGV
00350, ICGV 87846, TG 1, TG 17

NRCGs 14390, 14395, BG 2, ICGV 86590, Kadiri 3, M 197, DRG 12, BG 3, Kadiri 2, TG 1, DSG
1, GAUG 10

JS 97-52, EC 538828, NRC 7, EC 602288, JS 71-05
JS 97-52, PK 472, JS 20-38

JS 97-52, BC 538828, NRC 7

MACS 330, EC 325097, EC 33897, EC 34101, EC 325197, EC 390977

AGS 25

AKSF-42-1, M-1026 , 298-R, GMU-351 and hybrids; Laxmi-225, CO-2, CSFH-12205, DRSH-1,
KBSH-44

RG298, RG1437, RG1826

Table 4. Exotic germplasm introduced in India during 2019-21

s Country
Public sector Private Sector

Sunflower
Indian Mustard

Groundnut

Crambe/ abyssinian mustard

Linseed
Niger
Safflower
Sesame
Taramira
Wild Sesame
Brassica
Castor

Total oilseeds

Genetic enhancement through use of diverse

USA, Netherlands, Argentina 12 60 72
Canada 364 364 728
Uganda, Niger 4 4
USA 18 18
Netherlands, USA, Canada, United Kingdom 220 220
Ethiopia, USA, Kenya 24 24
USA 278 278
USA, Kenya, Taiwan, Japan, Czech Republic 2378 2378
USA 247 247
USA 3 3
USA, France, Switzerland, Australia 157 65 222
USA 133 133

3755 622 4377

Sterility systems for hybrid breeding programmes in

germplasm available in India and globally is one of
the best options for genetic enhancement for yield and
other traits and needs to be exploited systematically. The
different exotic germplasm of oilseed crops and their
crop wild relatives (CWR) with specific traits available
globally have been identified by the commodity Institutes
(Table 5), which need to be procured on priority for their
use in yield enhancement per se, trait improvement and
for development/ diversification of Cytoplasmic Male

Indian J. Plant Genet. Resour. 35(3): 85-89 (2022)

various oilseed crops.

To fully utilize the available genetic resources of
various oilseed crops, large scale screening is required
under different agroclimatic zones to identify the
potential lines for using them in breeding programme,
as has been done in case of wheat. The promising lines
for various traits identified under field screening should
further be characterized under controlled stress conditions
(phenomics/ phytotronics) and the molecular markers
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Table S. Trait specific germplasm and crop wild relatives of oilseed crops their availability globally

Specific traits

Groundnut China, USA, Korea, Brazil High oil content (>57%), Resistant to diseases (Aspergillus flavus, bacterial wilt, aflatoxins,
bacterial wilt, Sclerotinia blight, Pod rot, Leaf spot, web blotch, stem rot); and early maturing
landraces (80-90 days)

Soybean USA, Taiwan, Japan, Drought , heat. salinity and waterlogging tolerance, mechanical damage tolerant, Near iso-genic

Brazil, China lines for photoinsensitivity and long juvenility, high Protein (55-58%), Triple Null lox (1, 2 & 3),
High oleic acid (80%)

Mustard China, Canada, Australia ~ High yield (>4.0 t/ha), oil content (>50%), oleic acid (>60%), >20 seeds/ siliqua, Sclerotinia stem
rot, white rust and Alternaria blight resistant lines, Orobanche tolerant lines

Sunflower Russia, Serbia, Argentina, High seed yield (>60 g/plant) and high oil content (>55%) , dwarf and short duration, Powdery

France mildew and Alternaria resistant lines

Sesame China, Ethiopia, Korea Male-sterility, Drought resistance, Water logging tolerance, Determinate
Disease resistance, Earliness

Lentil Lebanon/ Morocco, Mechanized harvesting, Herbicide tolerance, Early maturity, bold and small seed size, high protein

Australia, Iran, USA and high biomass, tolerance to pod dehiscence and number of pods/ plant, tolerant to heat, drought
and boron, high grain Fe and Zn, phosphorus use efficient

Mungbean Thailand, USA, Japan Resistant to Powdery mildew resistance, MYMYV and bruchid; sprout specific genotypes, pre
harvest sprouting, bold seeded, long pods, 15-16 seeds/pod, high seed protein, mechanized
harvesting, herbicide tolerance

Chickpea Australia, USA Super nodulating chickpea lines, Mechanical Harvesting lines, Salinity tolerant lines, Non
nodulating Mutants, Ultra high protein chickpea lines

Pigeonpea Kenya, Tanzania, Mzmbq, Early duration, large seed size, long pod, high number of pods per plant, wilt resistance, SMD

Malawi, Uganda, resistance and pod borer tolerance

status and future research needs. Technical innovations
inmajor Oilseed crops, Vol. 1 Breeding (Ed. S.K. Gupta).
Springer. pp 17-52.

Yadava D.K., Yadav Rashmi, Vishwakarma Harinder, Yashpal,
Yadav Sangita, Saini Navinder and Vasudev Sujata. 2021.

linked to traits of interest should be identified for their
use in precision breeding for introgression of these
traits. More systematic efforts are required to collect,
conserve and regenerate the germplasm, local landraces

and wild relatives from the different agroclimatic zones
of the country.
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The global as well as Indian agriculture has witnessed tremendous growth in food production in the recent decades
to meet the growing population, however it is also facing challenges such as climate change and malnutrition.
Millets provide a great opportunity due to their climate resilient hardy nature and can be chosen to replace the
conventional crops in the dry and marginal areas. In addition, millets are also rich in several vital micronutrients
and vitamins necessary for reducing malnutrition and provide multiple health benefits. The National Genebank
at ICAR-NBPGR, New Delhi and Millets Genebank at ICAR-IIMR, Hyderabad conserves approximately one
lakh accessions of millets germplasm which can be of great use in identification and development of improved
millets cultivars. This article enlists the different aspects of importance of millets in reducing the risk of climate
change and malnutrition, SWOT analysis for utilization of millets germplasm resources, future prospects and
action points for greater and efficient use of millet germplasm in India.

Introduction

The global as well as Indian agriculture has witnessed
tremendous growth in food production in the recent
decades, however it is also facing challenges such as
climate change and malnutrition (Sharma et al., 2015;
Kumar et al., 2018). The nation has witnessed over
exploitation of irrigated agriculture lands in the past
however there is a need to change the focus towards
dry and marginal lands to address the adverse effects of
ongoing and future climate change scenario. Generally,
the lower fertility of dry and marginal lands makes it
difficult to achieve higher production from conventional
crops such as rice and wheat. Millets provide a great
opportunity due to their climate resilient hardy nature
and can be chosen to replace the conventional crops
in the dry and marginal areas. In addition to their
climate resilience, millets are also rich in several vital
micronutrients and vitamins necessary for reducing
malnutrition (Hariprasanna et al., 2014; Elangovan
et al., 2022). Millets also known as nutri-cereals are
reported to be the treasure house of vitamins, minerals,
essential fatty acids, phyto-chemicals and antioxidants
that can help to eradicate the hidden hunger. Due to the
richness of millets in polyphenols and other biological
active compounds, they are also considered to impart
role in lowering rate of fat absorption, slow release of

*Author for Correspondence: Email-elangovan@millets.res.in
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sugars (low glycemic index) and thus reducing risk of
heart disease, diabetes and high blood pressure (Kumar
et al., 2018).

The major millets are Pearl millet (Pennisetum
glaucum, with synonyms of P. americanum, P. typhoides,
and P. typhoideum), Foxtail millet (Setaria italica),
Proso millet or white millet (Panicum miliaceum),
and Finger millet (Eleusine coracana). Minor millets
include Barnyard millet (Echinochloa spp.), Kodo
millet (Paspalum scrobiculatum), Little millet (Panicum
sumatrense) and Browntop millet (Urochloa ramose/
Brachiaria ramose/Panicum ramosum) (Upadhyaya et
al., 2006).

Millets are Climate Resilient Crops

e  Pearl millet and finger millet can grow up to a soil
salinity of 11-12 dS/m

e The rainfall requirement of pearl millet and proso
millet is as low as 20 c¢cm, which is several folds
lower than the rice

e  Most of the millets mature in 60-90 days after
sowing which makes them a water saving crop

e Millets fall under the group of C4 cereals, have
better photosynthetic efficiency, water use efficiency
compared to C3 crops
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Nutritional Profile of Millets

Millets being rich in gluten-free proteins, high fibre
content, low glycemic index and bioactive compounds
have made them a suitable health food

e Carbohydrates: The average carbohydrates content
of millets varies from 56.88 to 72.97 g/100 g

e Protein: The protein content of all the millets is
comparable to each other with an average protein
content of 10 to 11%, except finger millet, which
contain protein in the range of 4.76 to 11.70 g/100
g (Kumar et al., 2018). Finger millet protein is rich
in essential amino acids like methionine, valine
and lysine, and of the total amino acids present,
44.7% are essential amino acids. Proso millet has
the highest protein content among millets and the
amount of essential amino acids are higher compared
to conventional cereals

e Fibres: Millets are richest source of fibres, i.e. crude
fibre as well as dietary fibre. Barnyard millet is the
richest source of crude fibre with an average content
of 12.8 g/100 g. The highest dietary fibre content,
i.e. 38% and 37%, has been reported to be in little
millet and kodo millet respectively

e Calcium: Calcium content of finger millet is about
eight times higher than wheat and being the richest
source of calcium (348 mg/100 g) it has the ability
to prevent osteoporosis

e Iron: Barnyard millet and pearl millet are the rich
source of iron, and their consumption can meet
the iron requirement of pregnant women suffering
from anaemia. The iron content of barnyard millet
is 17.47 mg/100 g which is only 10 mg lower than
the required daily value.

e Zinc: Foxtail millet contains highest content of
zinc (4.1 mg/100 g) among all millets and is also
a good source of iron (2.7 mg/100 g)

e Thiamine: The highest thiamine content in millets,
i.e. 0.60 mg/100 g, is found in foxtail millet

e Riboflavin: Barnyard millet (4.20 mg/100 g) has
the highest content of riboflavin followed by foxtail
millet (1.65 mg/100 g) and pearl millet (1.48
mg/100g)

Status of Millets Germplasm holdings at Global,
National and Institutional Genebanks

Vast collections of millets germplasm from 92 countries
are conserved at ICAR-Indian Institute of Millets
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Research (IIMR), Hyderabad; ICAR-National Bureau
of Plant Genetic Resources (NBPGR), New Delhi and
International Crops for Semi-Arid Tropics (ICRISAT),
Patancheru genebanks. The status of millets genetic
resources in the genebanks are given in Table 1.

Table 1. Status of millets genetic resources in the Genebank

Crop name ICRISAT | NGB-ICAR- MGB-ICAR
NBPGR IIMR

Sorghum (IS) 42,788 20,376 27,140
Pearl millet (IP) 24,390 7,841 4,128
Finger millet (IE) 7,519 11,587 7,806
Foxtail millet (ISe) 1,542 4,244 4,653
Kodo millet (IPs) 665 2362 344
Little millet (IPmr) 473 1885 694
Proso millet (IPm) 849 1005 2128
Barnyard millet (IEc) 749 1888 1705
Total 78,975 51,188 48,598

Status of millets germplasm in National Genebank

Contribution of Indian accessions to the global
minicore collections

The Indian millet germplasm accessions contributed
significantly to the global germplasm diversity which
can indirectly be measured by assessing the proportion of
Indian accessions in the global millet minicore collections
(Upadhyaya et al., 2011, 2019; Babu et al., 2013). The
contribution of Indian millet germplasm accessions
to the global minicore collections varies from 6.6 %
(7 acc.) in proso millet to 100 % (total 75 acc.) in kodo
millet (Table 2).
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Table 2. Contribution of Indian accessions to the global minicore

collections

. No. of acc. in | Indian % contribution by

Indian origin acc.
Sorghum 242 30 12.4
Barnyard millet 89 49 55.1
Finger millet 80 17 213
Foxtail millet 35 12 343
Kodo millet 75 75 100.0
Little millet 57 55 96.5
Pearl millet 238 60 252
Proso millet 106 7 6.6

Millet Species Diversity and Variability

Millets species diversity is high in many Indian states
viz., Uttar Pradesh (21), Odisha (16), Rajasthan (15),
Bihar (14), Telangana and Himachal Pradesh (12),
Chhattisgarh and Jammu & Kashmir (11). Jharkhand (10),
Arunachal Pradesh (9), Punjab and Haryana (8), Kerala
(6), West Bengal and Nagaland (5) etc. Tremendous
genetic variability in the indigenous millets germplasm
accessions has been recorded through characterization
efforts carried out at ICAR-IIMR, ICAR-NBPGR,
ICRISAT and AICRP centres under Sorghum, Pearl
millet and Small millets programme.

Sorghum [Sorghum bicolor (L.) Moench]: Sorghum is
being grown in two important seasons viz., kharif (rainy)
and rabi (post-rainy) and season-specific Indian landraces
are collected and conserved. Overall, the variability in
Indian sorghum germplasm for days to 50 % flowering
ranged between 41 and 141 days with a mean value of
75 days. Flowering is an important phonological trait
helping the breeders in selecting varieties suited to
different agro-ecological zones and climatic conditions.
The plant height ranged between 30 and 480 cm with a
mean of 213 cm. The variability in plant height provides
opportunity for selection of germplasm suiting to different
end uses like, grain, fodder, high biomass, dual purpose
(grain and fodder) etc. The grain yield (g plant™!) varied
from 10.0 to 144.5 g with a mean of 30.2 g whereas,
100-seed weight is varying from 0.5 g to 6.2 g with an
average value of 2.74 g.

Pearl millet [Pennisetum glaucum (L.) R. Br.]: Pearl
millet in India is being grown in kharif and summer season
in parts of Gujarat, Rajasthan and Uttar Pradesh and
during the rabi season at a small scale in Maharashtra and
Gujarat (Yadav and Rai, 2013). In general, the variability
in the Indian pearl millet germplasm for days to 50 %
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flowering varied from 33 to 159 days with a mean value
of 72.7 days. The number of productive tillers attained
by each plant ranged between 1 and 19 tillers with an
average of 2.07 tillers per plant. The yield attributing
traits like panicle length and width also recorded huge
diversity. The panicle length recorded a minimum value
of 5 cm and a maximum of 134 cm with a mean of 28.8
cm whereas the panicle width had a minimum of 8 cm
to 58 cm with a mean of 23.9 cm. The plant height
showed a minimum height of 30 cm and a maximum
height of 490 cm with an average of 248 cm. Another
yield attributing trait, 100-seed weight also has recorded
huge variability between lowest of 0.15g and highest of
2.11 g per with an average value of 0.85 g.

Finger millet [Eleusine coracana (L.) Gaertn]: The
finger millet is a major staple crop among tribal farmers
and it can adapt to adverse climatic conditions, require
minimal inputs and possess superior nutritional properties
(Pradhanetal., 2019). In general, the Indian finger millet
variability for days to 50 % flowering ranged from 33
to 143 days with a mean of 87.7 days. The productive
tillers varied from 1 to a maximum of 32 tillers per plant
with an average of 9.2 tillers. The finger number on the
main head ranged between 2.3 and 16.3 fingers with a
mean value of 7.3 fingers per ear head. The individual
finger length and width also showed tremendous diversity,
the length of finger ranged between 2.5 and 19.5 cm
with a mean of 7.17 cm while the width of the finger
varied between 0.3 cm and 8.7 cm with a mean of 1.26
cm. The potential grain yield in Indian finger millet
germplasm ranged between 1 g and 177.3 g per plant.
The 100-seed weight also depicted a vast variability
with a minimum value of 0.1 g and a maximum value
of 1.35 g and a mean value of 0.25 g.

Foxtail millet [Setaria italica (L.) P. Beaurv]: Foxtail
millet is an important grain crop cultivated for food in
some parts of China, India and Japan. The foxtail millet
grains are a rich source of protein, minerals (calcium,
iron, potassium, magnesium, and zinc) and vitamins
(Upadhyayaetal.,2011). The variability in the conserved
germplasm accessions of Indian origin for days to 50 %
flowering ranged between 34 and 99 days with a mean
flowering days of 50.7 days. The number of basal tillers
recorded the range of 1.3 to 27 tillers with a mean value
of 6.4 tillers. The stem diameter ranged between 0.2
cm and 1.2 cm with an average of 0.4 cm. The yield
attributing traits such as panicle length and panicle width
showed tremendous variation. The panicle length ranged



Opportunity for Enhancing the Use of Indian Millets Germplasm

between 3.4 cm and 37.8 cm with a mean of 17.9 cm
and panicle width varied from 0.3 cm to 4.3 cm with a
mean of 1.5 cm. The grain yield harvested from a single
plant varied from a minimum of 1g to a maximum of
154.5 g with a mean of 25.2 g. The 100-seed weight
of the foxtail millet grains showed variability between
0.03 g to 0.85 g with a mean of 0.26 g.

Proso millet (Panicum miliaceum L.): Proso millet is
widely cultivated in India, China, Nepal, Africa, Russia,
Ukraine, Belarus, Middle East, Turkey and Romania.
The shallow root system (90-120 c¢cm) and very short
growing season (60—90 days) make it an ideal dryland
crop and can fit into cropping system approach (Das et
al., 2019). In general, the variability of the Indian proso
millet accessions for the number of basal tillers varied
from 2.5 to 24 tillers per plant with a mean of 7.5 tillers.
The days to 50 % flowering showed from very early
flowering days of 38 days to very late flowering with
60 days and the mean of all the accessions was 48.2
days. The panicle length of the proso millet accessions
varied between 12.4 cm and 46.7 cm with a mean of
25.9 cm while the panicle width ranged between 1.3 cm
and 6.8 cm with an average value of 3 cm. The days to
maturity of the proso millet accessions showed a diversity
varying between 59 days and 89 days with a mean of 76
days. The grain yield harvested from each plant varied
between 1 g to 18.4 g with an average harvest of 4.6 g
from each plant. The 100 seed weight varied between
0.06 g and 0.8 g with a mean value of 0.4 g.

Barnyard millet (Echinochloa frumentacea Link):
Barnyard millet is mainly grown in India, China, Japan,
and Korea for human consumption as well as fodder
(Upadhyaya et al., 2016). The grains have superior
nutritional properties including high micronutrients,
dietary fiber content, and low glycemic index (GI) with
potential health prospective (Upadhyaya et al., 2016).
In general, the variability in number of basal tillers
ranged between 1 and 16.5 tillers per plant with a mean
of 4.4 tillers. The days to 50 % flowering showed a
minimum flowering day of 46 days as compared to the
accession which showed delayed flowering in 86 days
and the mean of all the accessions was 58 days. The
panicle length of the barnyard millet accessions varied
between 10.4 cm and 31.1 cm with a mean of 19.3 cm
while the panicle width ranged between 1.5 cm and 6.8
cm with an average value of 3.7 cm. The plant height
of the barnyard millet accessions showed a diversity
varying between 60 cm and 291 cm with a mean of 122
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cm. The grain yield harvested from each plant varied
between 1.2 g and 37 g with an average harvest of 12
g from each plant. The 100-seed weight of the Indian
barnyard millet accessions varied between 0.16 g and
0.47 g with a mean value of 0.27 g.

Little millet (Panicum sumentranse Roth): Little millet
is largely cultivated throughout India by tribal people
in small areas for food and fodder. It is a rich source
of several micronutrients and vitamins. The variability
present in the Indian little millet germplasm can be of
great use for plant breeders. In general, the number of
basal tillers among the accessions ranged between 3 and
46 tillers per plant with a mean tiller number of 14.6.
The thickness of the culm varied from 2 mm to 18 mm
with an average diameter of 6.6 mm. The minimum
number of days required for the 50 % flowering was 39
days whereas the maximum days required for flowering
were 138 days with a mean of 57.9 days. The panicle
length was ranged between 27 mm and 500 mm with a
mean of 282 mm. The width of the panicle was varying
from 10 mm to 480 mm with an average width of 147.6
mm. The grain yield harvested from each plant varied
between 2.95 g and 14.26 g with an average harvest of
7.37 g from each plant (Vetriventhan et al., 2021). The
100-seed weight of the Indian little millet accessions
varied between 0.14 g and 0.32 g with a mean value
of 0.22 g.

SWOT Analysis of Utilization of
Indian Millets Germplasm

Strength: The vast diversity of millets germplasm
characterized and conserved in the National Genebank,
Millets Genebank and AICRP Centres.

Weakness: Lack of data on multi-location evaluation of
potential millets germplasm, nutritional characterization
of nutri rich millets germplasm and difficult crop for
breeding.

Opportunities: Awareness under International Year
of Millets 2023 (IYoM) created a demand for value
addition in millets and need to develop conventional
breeding approaches

Threats: Millets cultivation area is decreasing due to
occupation of commercial crops. Non-availability of
processing machineries and minimum support price
for the millets produce are the biggest concerns of
the millet growing famers.
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Kodo millet (Paspalum scrobiculatum L): Kodo millet
is cultivated by tribal people across India for food and
fodder. The Indian Kodo millet germplasm accessions
depict a vast diversity for key traits of importance. In
general, the accessions recorded a minimum of 2 basal
tillers and maximum of 48 basal tillers per plant with a
mean of 15.1. The days to 50 % flowering ranged between
51 days and 112 days with a mean value of 77.3 days.
The number of leaves ranged between 3 and 15 with
a mean value of 5.7 leaves per plant. The plant height
varied from 30 cm to 97 cm with an average height of
54.7 cm. The raceme number varied from 1 to 8 racemes
per plant with a mean of 3 racemes. The grain yield
harvested from each plant varied between 5.37 g and
31.37 g with an average harvest of 15.19 g from each
plant (Nirubana et al., 2017). The 100-seed weight of
the Indian Kodo millet accessions varied between 0.24
g and 0.49 g with a mean value of 0.36 g.

Future Prospective and Action Points

¢ India being the primary origin for Little millet, Kodo
millet and Barnyard millet; secondary origin for
Sorghum. Finger millet being the major crop in the
semi-arid regions, the adaptation and diversity of
these millets germplasm are exclusive to India for
some extent

+ Re-introduction of millets local landraces in the
region of collections to rejuvenate its natural habitat
capability

* More emphasis on the characterization of millets
for nutritional parameters to know the nutritional
status of all available millets germplasm

 Evaluation of millets germplasm in all adverse
agro-climatic conditions in the country to identify
the best germplasm and supportive evidence for
millets as climate resilient crop

» The CVRC should encourage breeders to release
nutritional-specific millet varieties wherein nutrition
is the primary trait followed by grain and fodder
yield

* Millets demand is created through awareness
campaign on the benefits of millets and diverse
products by the start-ups in the markets. However,
afford to buy millets by the poorer comes only
through Public Distribution System. Need to
diversify the plate of the PDS of the country with
nutri-cereals.
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Plant genetic resources (PGRs) are the basis for food and nutritional security, and enhanced utilization of
these resources is of paramount importance for genetic improvement of crops. Till date the use of PGRs has
been limited in conventional breeding programmes for developing widely adapted crop varieties. In the recent
past, genome-wide association studies, genomics and functional genomics approaches using diverse germplasm
accessions have facilitated discovery of novel quantitative trait loci (QTLs), genes and alleles associated with
useful agronomic traits for use in crop improvement through molecular breeding and genetic engineering. More
recently, genome editing has emerged as a new plant breeding technology with great potential for enhancing the
use of PGRs, for addressing the challenges of climate change, malnutrition, environmental security, achieving
SDGs by 2030, and to sustainably feed 10 billion people by 2050. In this article, an attempt has been made to
highlight the use of CRISPR-based genome editing technologies for crop improvement through the use of PGRs.

Introduction

Plant genetic resources (PGRs) have contributed
significantly to the development of modern high-yielding
cultivars, through the use of conventional breeding
methods, which have contributed to the dramatic increase
in productivity of major crops since the middle of the
20t century. In recent times, the importance of PGRs has
increased manifold for achieving climate resilience and
ensuring sustainability in crop production. For instance,
the rice landrace FR13A from Odisha, India was identified
as a source for introducing SUB1 (SUBMERGENCE1)
quantitative trait locus (QTL) into mega-varieties for the
development of Subl rice with submergence tolerance
(Bailey-Serres et al., 2010).

While conventional plant breeding methods have
played a vital role in developing new crop varieties
for increasing food production, advances in genomics,
genetic engineering, molecular breeding and the recent
development of new plant breeding technologies have
enabled breeders to address the challenges of climate
change, malnutrition and environmental security. The
remarkable progress in plant genomics, sequencing
and bioinformatics offers enough opportunities for
mining germplasm collections, discovering new genes,
elucidating gene function, and identifying superior
alleles for use in the new breeding technologies like
genome editing (Katiyar et al., 2012, Halewood et al.,
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2018). Genome editing, which was invented in 2012,
is leading to a new revolution by accelerating the pace
of genetic improvement of crops, and it is turning out
to be indispensable technology for achieving climate
resilience and sustainable agricultural development in this
215t century. Genome editing is already revolutionizing
crop improvement by introducing desired changes in
the plant’s native genes with a high level of precision,
accuracy and efficiency for developing new crop varieties
with improved traits, without the need for introduction
of foreign genes.

With the advent of genome editing as the next
generation crop breeding technology, plenty of
opportunities are now available to develop varieties with
increased use efficiency of nutrients, water and radiation,
and to create crops with inbuilt resistance to emerging
pathogens and environmental stresses on a much faster
timescale, not practically feasible with the use of
conventional breeding approaches. Further, gene editing
technologies could simplify the use of PGRs including
crop wild relatives (CWR) and landraces in breeding
programmes for expanding specific allelic variations and
also eliminating linkage drag of undesirable traits.

Germplasm, Genomics and Pangenomics Facilitate
Genome Editing for Crop Improvement

Over 7 million accessions of different plant species are
conserved globally in various genebanks. However,
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utilisation of this valuable resource is a major concern
today by breeders with only < 1% use reported in crop
improvement programmes. Genome editing offers a
great promise to enhance the use of PGRs for crop
improvement (Fig. 1).

The next-generation genome sequencing (NGS)
technologies are contributing significantly to characterise
the genebank accessions at genetic and molecular level,
and to identify the genetic variation for enhancing their
use in crop breeding. To capture the entire genetic
variation in crop germplasm collections including
landraces and wild species, advances in sequencing
technologies have permitted whole genome sequencing
of the diverse accessions of different crop species. In
the recent past, efforts have been made to re-sequence
3,000 accessions of rice and over 3,000 accessions of
chickpea generating pangenome/gene sequencing data
across species with a view to linking genetic variation
with traits/phenotypes of agronomic importance (Wang

Plant Genetic Resources/Germplasm

&

Characterization of entire GeneBank collection
and evaluation in multiple environments

g

Core and trait-reference sets

A

(epi)Genomics and Pan-(epi)genomics;
Digital Sequence Information (DSI)

&4

Functional characterization of genes

e

Identification of relevant genes and natural
allelic and epigenomic variation related with
different traits

e

CRISPR-Cas (epi)Genome Editing in elite
cultivars to mimic the useful variations

Improved crop varieties

Fig. 1. Plant genetic resources as source of genomic information
for crop improvement through (epi)genome editing
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et al., 2018; Varshney et al., 2021). For pangenomics,
multiple accessions of a crop species are re-sequenced
to determine structural and copy number variations
associated with traits such as resistance to biotic and
abiotic stresses that are useful for improving crop
productivity in variable environments. Since a vast
number of genes are not captured in a single reference
genome, pangenomics assumes significance (Zanini et
al., 2022). Information on pangenomics in major food
crops is already being utilised in crop improvement
programmes. Efforts are currently in progress in crops
like rice, maize, soybean, chickpea, Brassica species,
tomato and potato. More studies on pangenomics need
to be conducted in other crop species, including CWR
for identifying relevant genes and alleles associated with
stress resistance and other agronomic traits. This will
allow application of genome editing for the enhanced
use of crop diversity for bringing novel genes/alleles
from CWR and landraces to the cultivated gene pool
for addressing the issues of climate adaptation of crops,
shrinking natural resources, and increasing input use-
efficiency, and for improving nutritional quality and
architectural features of crops (Gasparini et al., 2021).
Additionally, introducing the yield determining attributes
from wild species to the cultivated crop genotypes or
neo-domestication of wild species is now technically
feasible using the CRISPR-based genome editing, base
editing, prime editing and/or CRISPR-Combo approaches
(Fig. 2).

Further, during the process of domestication several
deleterious alleles have accumulated in the breeding lines
and crop cultivars, affecting the fitness of the cultivated
crops. Such deleterious alleles, for instance, have been
identified by Varshney and his group in a recent study
in chickpea including Cicer species, landraces, and
superior cultivars, which can now be precisely removed
through the use of various genome editing approaches
(Varshney et al., 2021, Bohra et al., 2021).

Additionally, PGRs can also serve as a source for
exploring epigenomic variation for crop improvement.
The epigenome refers to the set of chemical modifications
(e.g., DNA methylation, Histone acetylation) in the
genome involved in regulating gene expression and holds
great potential for crop improvement. It can be a target
for the manipulation of regulation of gene expression
and, consequently, the phenotype. As pangenome studies
on PGRs are conducted to better understand the genetic
variation, similar “pan (epi)genome” studies on PGRs can
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Fig. 2. Utilization of plant genetic resources for crop improvement through genome editing and epigenome editing

be useful to pave the way for modifying the epigenome
and exploring the PGRs exhaustively (Fig. 2).

CRISPR-based Approaches for Crop Improvement

The CRISPR-Cas system creates a double-strand DNA
break, which is repaired by cell’s DNA repair machinery
called NHEJ (Non homologous end joining). Through
this repair mechanism, deletion or insertion of random
nucleotides occurs, knocking out the gene function.
The technology also allows precise substitution of
nucleotides and insertion (knock-in) of DNA sequences
at a predefined position using homologous template
sequences through a homology-directed repair (HDR)
pathway.

However, HDR-mediated genome editing is less
efficient. To circumvent these issues, researchers prefer
using base editing to introduce precise point mutations
to introduce a trait, as recently shown by Gao and her
group to confer resistance to a variety of herbicides in
wheat (Zhang et al., 2019). Similarly, a precise single-
nucleotide change in elF4E1 gene using cytosine base
editor rendered Arabidopsis plants immune to a disease.
In base editing, one single base is converted to another
through base editors without the double strand DNA
break. Cytosine base editors for transforming C-G to
T-A and adenine base editors for converting A-T to
G-C are currently in use for crop improvement. This
editing process has vast potential for incorporating useful
agronomic traits in diverse crop species, thus enhancing
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the use of PGRs for crop improvement (Molla et al.,
2021).

Another approach called prime editing has been
developed with ability to perform sequence deletion,
addition and substitution. This method requires no donor
DNA as template or double-strand breaks. It employs
catalytically impaired Cas9 endonuclease (nCas9), that
nicks only one DNA strand, fused to reverse transcriptase
and the prime editing guide RNA (pegRNA), which
carries specified edits and the target site information.
This allows direct transfer of new genetic information as
desired edits from the pegRNA into a specified genomic
site (Mollaetal., 2021). To overcome the low efficiency
of this system, a new version of prime editing, enpPE2
has been recently developed and tested in rice (Li et al.,
2022).

Further, to overcome limitation of the classical
CRISPR-mediated genome editing system of deletion
or insertion confined to single genes, a novel breeding
approach has been developed more recently by Yiping
Qi and his group and called it CRISPR-Combo for
multiple gene editing and simultaneously altering gene
expression of other native genes without any deletion/
insertion (Pan etal., 2022). This system is also useful for
enhancing in-vitro regeneration efficiency of recalcitrant
crops varieties, in addition to simultaneously editing
multiple genes, as demonstrated in poplar cells (Pan et
al., 2022).
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Besides the above-mentioned approaches, epigenome
editing is another novel approach for crop improvement
(Gardiner et al., 2022). Targeted manipulation of
epigenetic marks is called epigenome editing and
is achieved by combining sequence-specific DNA
binding modules with effectors that can add or remove
these marks from the genome (Gardiner et al., 2022).
Several epigenome editing tools have been developed
using CRISPR-Cas9 systems to activate or repress gene
expression by modifying the epigenetic marks in plants
(Gallego-Bartolome et al., 2018; Ghoshal etal., 2021; Lee
etal., 2019; Papikian et al., 2019). For example, inactive
catalytic versions of Cas9 (dCas9) were combined with
catalytic domains of DNA methyl transferases to silence
gene expression by adding repressive DNA cytosine
methylation marks (Ghoshal et al., 2021; Papikian et
al., 2019). In a similar approach, the catalytic domain of
human TEN-ELEVEN TRANSLOCATION 1 enzymes
is combined with dCas9 to develop tools for activating
gene expression by removing DNA cytosine methylation
(Gallego-Bartolome et al., 2018). Initially, these tools
were tested and generated in the model plant Arabidopsis
thaliana; currently, research is underway to expand their
use to crops.

Conclusions and Future Perspective

In conclusion, it may be highlighted that genome editing
has great potential for the enhanced use of crop diversity
for bringing novel resistance genes/alleles from CWR and
landraces to the cultivated gene pool for addressing the
issues of climate adaptation of crops, shrinking natural
resources, and increasing input use-efficiency. Direct
genome editing in elite cultivars is likely to replace
backcross breeding for altering alleles and creating
optimal genetic variation required for desired traits.

However, to harness the full potential of these
technologies, urgent attention will be needed for QTL/
gene discovery through functional genomics using the
diverse accessions of major crops for key traits (Das et
al., 2016). This requires that enough emphasis is given
for characterisation of entire germplasm collections
followed by genomics and pangenomics, and functional
characterisation of genes for establishing precise links
between phenotype and the genomic regions/genes or
genetic elements in a given crop (Archak et al., 2016;
Kumar et al., 2017; Phogat et al., 2020).

Further, it is desired that simplified, reproducible in-
vitro regeneration and genetic transformation systems are
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developed in a range of agriculturally important crops and
elite cultivars for efficiently generating genome-edited
crop events. Similarly, successful genetic transformation
of wild crop species and innovations in developing
simplified methods for introducing genetic material
will prove useful for accelerating crop domestication
with improved traits related to climate resilience. These
novel breeding technologies in due course of time could
pave the way for enhanced utilisation of germplasm
accessions conserved globally in different genebanks
for sustainable food and nutritional security.
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Introduction

The World Food System is characterized by a high level
of concentration and dependency. It is estimated that out
of the above 5500 plant-known edible species, only 12
makeup of more than 75% of what we eat. Cereals provide
the highest share in terms of calorie intake, with only
three crops — rice, wheat, and maize — providing more
than 50% of calorie intake. This impressive concentration
on a few staple crops exposes the agricultural production
system and their markets to vulnerability. Furthermore,
recent UN report on World Population Prospects—2022
has made the whole World worry especially the countries
like India where the population by 2050 would cross
1.66 billion and surpass the population of China (WPP,
2022). In such circumstances meeting the Sustainable
Goals and providing healthy and nutritious food to
increasing population would be a big challenge. Ensuring
food and nutritional security side by side reducing
pressure on natural resources, mitigating climate change
and controlling price volatility due to conflicts and
other disturbances is also a matter of deep concern for
developing world.

Diversification of the production base could
incorporate local landraces/cultivars/farmers varieties
which however needs policy shift and investing in
developing value chains. India is endowed with vast
diversity of plant genetic resources with 167 cultivated
species and 329 wild relatives of crop plants (Arora,
1991). In India around 1000 wild edible plant species
have been exploited by native tribes and these include
145 species of roots and tubers, 521 of leafy vegetables/
greens, 101 of buds and flowers, 647 of fruits and 118 of
seeds and nuts (Arora and Pandey, 1996). Large number
of land races about 30,000-50,000 of various crops, fruits
and vegetables like rice, wheat, maize, millets, pseudo
cereals, pigeon pea and other legumes, cucurbits, mango
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and other fruits, turmeric, ginger, sugarcane etc. are
exiting in India. Several of these landraces were grown
by the farmers for their own consumption, however, era
of green revolution and commercialization of agriculture
led to the diversion of farmers to high yielding newer
technologies. Several of these landraces are still being
cultivated by the small and marginal farmers for their
special attributes in India.

In the era of hybrid technology, gene transformation
and gene editing one can think how the local landraces
of crop plants nurtured, conserved and utilized by the
native farming communities for centuries are even
highly relevant today. These local landraces are not
only rich in nutritional attributes but also have several
genes tolerant to biotic and abiotic stresses (Duc et al.,
2010; FAO, 2019) These farmers landraces or varieties
were the integral rather major part of agricultural
production system in the past. Invention and spread of
hybrid technology to increase productivity and income
of farmers changed the scenario of farms especially
small and marginal farms. It is the earnest fact that in
indirect way farmers were involuntarily diverted from
their traditional crops and local cultivars. This practice
led to the erosion of several of indigenous landraces
from the farmers’ field and many local crops that were
previously common in some areas, today are hard to
find. However, still in remote, hilly terrains and fragile
areas farmers with small land holdings prefer to grow
some of these traditional crops especially small millets,
pseudocereals, indigenous vegetables and other important
crops for local use Bajracharya et al., 2010

Need for Building Value Chains

In India agriculture provides livelihood to about 58%
of population and contributes about 20% to the total
economy of India as per the data released in 2021
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(MoAFW, 2021). Food and grocery market of India
is also very large and stands at sixth position in the
World. This is the position where more than 80% of
the farmers are having less than 2 Hectares of land
holding and agriculture is mostly for self-sufficiency.
During the green revolution our emphasis was just on
increasing the agricultural production to meet the food
security, however, self-sufficiency in most of the food
commodities has now led to the greater emphasis on
nutritionally rich crops and value added products. There
has been drastic increase in demand for the healthy food,
and an expansion of the demand for fruits and vegetables.
In India, for instance, food grain production in 2020-21
reached to 296 MT while horticultural production has
crossed 330 MMT (MoAFW, 2021). Major initiative
of government of India on food processing through
Kisan Sampada Yojana where farmers are encouraged
to cultivate processing varieties of fruits/vegetables and
emphasis on organic agriculture has prompted increased
investment of private players and also investment through
foreign sources.

Farming community and consumers are now realizing
the importance of local landraces. Many of them are
rich in nutrients required systematic production, value
addition and market value chain to reach to the peri-
urban and urban markets. Small and marginal farmers
growing these landraces sometimes lack skills to add
value, resources and accessibility to the market for their
product. Intervention of NGO’s, Governmental agencies
and corporate houses is often required to systemically
achieve these goals (Gauchan et al., 2020). Value chain
has been defined as a set of activities that are linked to
adding value to the product at each stage by bringing
all the actors on a common platform to deliver a high-
quality product and also generating more income among
the participants. Agricultural value chain comprises
farmers and farming inputs-seeds, planting material
and other inputs; preharvest operations-crop and farm
management, harvest; supply chain-processing, storage,
packaging, transport and marketing and consumers.
In the agri-value chain farmer the prime factor is
having no visibility and not rewarded for his major
contribution. However, when we talk of value chain
for local landraces farmers, farming community and
demography is at the centre along with trait may be
nutritional value, taste, culinary attribute or any other
specificity of the produce. Systematic development of
value chain leads to sustainable food system and adds
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to the livelihood of farmers and recognition to the
area. Local landraces, farmers varieties and cultivars
have been awarded or could qualify for Geographical
Indicator (GI) have specificity for some trait and link to
the territory as well as local traditions. GI Tags to local
commodities could help in preserving genetic diversity,
indigenous knowledge and enhancing farmers livelihood
by recognizing their specificities and increasing their
value added and contributing to increase awareness.

In India there are several examples of successful
value chain development with the farmers participation
besides commercial agri-value chains developed and
acquired by the food companies and Agri-start-ups.
Some of the successful case studies are given below:

Rice Value Chain SuccessStory of GEF Project

Several Indian rice-eating states have vast diversity of
local rice varieties/landraces rich in nutrition, flavour,
taste and texture that have been grown for centuries.
These landraces were being cultivated using traditional
methods caring for soil health also and sustain for future
generations. The Kola Joha or Black Husked is rich in
nutrients such as protein, minerals and contains high
levels of antioxidants that protect cells, tissues, and
vital organs. Traditionally this type of rice is cooked for
pregnant women to full fill nutritional needs.

Under the GEF-UNEP project on “Mainstreaming
agricultural biodiversity conservation and utilisation in
the agricultural sector to ensure ecosystem services and
reduce vulnerability”, 24 heritage rice varieties including
Kola Joha were identified and selected, after nutritional
profiling, for revival across Assam under the Native
Basket brand by Guwahati-based NGO Foundation for
Development Integration (FDI). These traditional rice
landraces are being marketed since December 2020,
traditional rice growers are now targeting the increasing
share of health-conscious Indian middle and upper class
as their clients. Some of these rice landraces native to
Assam has been revived from an almost-lost status to
being currently farmed by hundreds of smallholders.
Successful value chain has been developed for these
highly nutritious landraces and products are available in
the urban markets. In Assam, under the Native Basket
brand, farmers have learnt to not just grow their rice
but to independently handle market linkages after the
Alliance, ICAR-NBPGR and FDI aided in registering
a new brad to protect intellectual property rights

(Fig. 1).
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Similar efforts have been made by a group of 20
indigenous women farmers in Surguja district of
Central-eastern Indian state Chhattisgarh realising
the threats to the survival of their traditional rice
variety called Jeeraphool by local name, translating
to ‘Cumin-Flower’ taking its name from its small
cumin-shape and pleasant aroma. After registering
Jeeraphool with Plant Varieties and Farmers’ Rights
Authority of India, with technical support of the
Alliance, it has also been awarded a Geographical
Indication tag as the Jeeraphool variety is primarily
grown only in Surguja district. The heritage rice has
now found its place on India’s food export list. The
women self-help groups are striding ahead with their
success, linking up with companies and local-level
government offices to produce and market alternate
products from the rice. From 120 hectares and 180
tonnes of Jeeraphool grains in 2005 they have more
than tripled cultivation to 400 hectares harvesting
over 1,000 tonnes in 2020 in Surguja district. The
agricultural heritage has traversed a long journey to
victorious survival.

The small and marginal farmers have also been
organised into Farmer Producer Organisation and a
new brand was registered. The rice demand and brand
recognition increased, price fetched 50 percent more
at 1,550 rupees ($22) per quintal. Their aromatic rice
brought in up to 20 percent higher. Over 2,000 farmer
families are benefiting the whole gamut of activity
from production to processing and sale. In the eight
different locations where the Alliance is working, 19
community seed banks currently conserve, maintain
and provide farmers ready access to over 2,000
traditional varieties of different crops.

Millets Value Chain—ICAR-IIMR Success Story

Millets are generally grown in 131 countries of the World
(https://milletadvisor.com/ importance-of-millets-in-
india/). Millets are the traditional food of approximately
590 million people of Asia and Africa. India may be
treated as the home of Millets with the production of
>170 lakh ton which is the 80% production of Asia’s
and about 20% of global production. In India, these
millets are represented by six species, namely, finger
millet (Eleusine coracana), kodo millet (Paspalum
scrobiculatum), foxtail millet (Setaria italica), little
millet (Panicum sumatrense), proso millet (Panicum
miliaceum) and barnyard millet (represented by two
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species, viz., Echinochloa crusgalli and E. colona latter
domesticated in India)

ICAR-Indian Institute of Millet Research (ICAR-
IIMR) is the premier institute undertaking the research,
development, extension and value chain development
of millets. ICAR-IIMR through its several projects and
initiatives promoted not only the cultivation of millets
but several innovative interventions in value chain
building have led to development of nutritious products
meeting consumers’ demand. These efforts have led to
the millet revolution in India and given new life to the
rather elapsed crops. ICAR-IIMR through its Nutrihub
(https://www.nutrihubiimr.com/about-nutrihub) is
sharing and demonstrating processing Infrastructure
facilities for entrepreneurs incubated along with 60+
value added technologies for millet value added products
backed by extensive research and Centre of Excellence.
The Agribusiness Incubator (ABI) and Technology
Business Incubator (TBI) are providing lot of support to
entrepreneurs and farming community. More than 175
Stratups have been supported and above 190 technologies
related to millets have been transferred to industries and
entrepreneurs (https://www.nutrihubiimr.com/about-
nutrihub; Rao and Tonapi, 2021). ICAR-IIMR is also
supporting 31 FPOs to undertake and promote millets and
their value-added products. These FPOs are of great help
in supporting millet farmers in cultivating, processing and
marketing of their produce. These efforts are helping in
popularising millet products and liking of these nutri-rich
foods is increasing in health-conscious rural and urban
population. These efforts are also adding to livelihood
of small farmers by increasing their disposable income
and providing them better nutrition. Study undertaken
as a part of global project on NUS species amply
demonstrated that currently marginalized crops, such
as minor millets, can in fact contribute to the nutrition
security of rural and urban poor people in India, while
at the same promoting economic development and the
empowerment of women and other vulnerable groups
(Padulosi et al., 2015).

Jackfruit Value Chain and Benefit Sharing (https://

www.iihr.res.in/linking-biodiversity-livelihood-
security-jackfruit)

There are several examples where farmers and community
have been benefited by conserving varieties or cultivars
having some special traits and higher economic value
due to special liking by the consumers. In most of the
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cases farmers are unable to recognise this or do not
have capacity to gain extra benefit out of these elite
germplasm or farmers cultivar. Vast genetic diversity of
crops and horticultural species is available in the backyard
gardens and farmer’s field. Such farmers or community
holding unique diversity have been recognised by
PPVF&RA, ICAR, SAUs and other governmental
agencies and NGOs as “Custodian Farmers” during
last two decades. ICAR-Indian Institute of Horticulture
Research (ICAR-ITHR), identified two superior jackfruit
genotypes with attractive coppery red coloured flakes
in the traditional jackfruit growing tracts of Southern
Karnataka. These varieties were given wide visibility
through a combination of media advertisement and
fairs. This cultivar received tremendous response for the
planting material by farmers. Hence, ICAR-IIHR created
amodel for commercialization in 2017, after recognising
and honouring the farmers for conserving this variety as
“Custodians of Genetic Diversity”. Revenue generation
was also shared between the Licensor (jackfruit farmer)
in such a way that 75% of the earning would go to
the farmer and 25% would go to the Institute, if the
price per sapling is Rs 150 then Rs 112 would go to
the farmer and Rs. 38 for the Institute. The model is
well established and custodian farmers are profiting
through benefit sharing and also the elite germplasm
is conserved and utilized. Such innovative models of
linking biodiversity with livelihood security are helping
farmers in increasing their income.

Custard Apple Value Chain in Rajasthan (NAIP
Project Report, 2013 and Shailza et al., 2020)

Development of custard apple value chain is a successful
example where a wild fruit of the tribal areas of
Rajasthan could be benefited. This fruit is widely
growing particularly in the tracts of Udaipur, Chittorgarh,
Jhalawar, Dungarpur, Bhilwara and Rajsamand districts.
Freshly harvested fruits by tribals were sold at very less
price due to difficulty in transport and also the perishable
nature of fruits. There were several common issues
tribal farmers face in handling and marketing most of
the underutilized fruits. Some of these are harvest and
post-harvest losses, lack of processing technologies and
value addition and unorganized market (Kaushik, 2013).
These challenges have been successfully addressed in
custard apple and various processing options, value added
products and marketing channels were established. The
processing of raw fruit into various innovative products
like pulp, powder, etc. promotes market acceptability
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and gives the products high economic value (Kaushik,
2013). These innovations of value addition greatly
helped in post-harvest management of fruits, income and
employment generation of tribal farmers. All this started
with the training of farmers on harvesting, standardized
rejuvenating technology, pulp extraction equipment
development and adopting browning free technology
for the processing of custard apple, which helped in
increasing the shelf life of finished product from a few
days to more than a year. It involved the establishment
of collection centre at village level, processing unit, a
storage unit and marketing network to promote sale
of the produce (Shailza et al., 2020). Interventions
involving improved cultivation practices and reduction in
post-harvest losses would increase the production level
by 50 per cent and 20 per cent, respectively, whereas
value addition activities through processing would give
better returns to the processors as well as to the tribal
harvesters (Shailza et al., 2020). Technology has been
transferred and successfully adopted by many start-ups
and tribal farmers, and all farmers, particularly women,
are benefited by earning additional livelihood (Fig. 2).

Challenges in Building Value Chains

Value chain development encompass significant
challenges at farm, pre- and post-harvest, supply
chain, and consumer level. Building successful value
chains especially for landraces depends upon success
at all these levels. Encouraging farmers to grow the
local landraces on their farm and developing value
chains need concerted efforts by all the stakeholders
involved, and political will. There are several examples
where such successful attempts have been made and
through community participation conservation and use
of indigenous landraces and local vegetables and fruits
have been ensured. Several value chains have been
developed and demonstrated under various projects
involving NGOs and result of studies have been published
showing substantial gains and benefits, however,
practically these value chains have not been successfully
implemented or adopted by the farmers and consumers.
Value chains developed by the private business houses
where ample investment and able backstopping with
deep market studies are involved have shown the good
success. Innovations in food retailing has increased the
involvement of the private sector in agriculture and also
an emphasis on development and refinement in agriculture
value chains. However, value chain development
starting from the scratch and involving small farmers
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Fig. 1.

face enormous challenges. Supporting farmers in the
cultivation, access and use of landrace, improve market
linkages and prices, through value added and mitigate
losses in productivity. Bringing farmers in to the FPO
fold and taking advantage of various governmental
schemes is beneficial to some extent but needs greater
involvement. The recent initiative by Government of
India like promotion of Millets through “Initiative for
Nutritional Security through Intensive Millets Promotion
(INSIMP)”, ‘Poshan Abhiyaan 2018-22°, Poshan Month,
including celebrating 2018 as Year of Millet and UN
would observe 2023 as International Year of Millets
due to Indian spearheading. Inclusion of millets and
other nutri-foods in the Midday Meal programme and
PDS would also promote the cultivation of these crops
leading to enhanced farmers income.

Plant Genetic Resources Conservation and
Utilization

Genetic diversity in the form of diverse landraces
belonging to cereals, millets, pseudo cereals, pulses,
vegetables, and indigenous fruits needs urgent
conservation. The genetic diversity of landraces is
an important part of global crop biodiversity and is
considered of paramount importance for future world
production (Wood and Lenne, 1997). The utilization of
local crop landraces is intensely entangled into the food
habit, socio-religious, traditional and cultural dynamics
of most of the rural and tribal communities of the World.
Most of these local landraces and their uses are limited
to small area and native population. Mostly landraces
are dynamic populations of genetically diverse, locally
adapted cultivated plant species that have historical
origin, distinct identity, no formal crop improvement,
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and are often times associated with traditional sustainable
farming systems (Camancho et al., 2005). Most of the
indigenous landraces being grown by the small and
marginal farmers have now been either vanished from
the farmers field or only being grown for domestic
consumption. The reduced use of landraces can be
traced back to the beginnings of the “Green Revolution”
(Walters, 2018). Landraces possess vast genetic diversity
and due to limited use by the farmers and market value
are fast disappearing, their use and continued cultivation
is critical near the primary and secondary centres of
diversity due to alleles present and evolved during the
centuries of evolution at these habitats (Brush, 1994).
During the last two decades concerted efforts are being
made to protect these indigenous landraces by not only
conserving in the Genebank but also promoting their
use by adding value to these to enable small farmers to
remain with these crops. Although attempts have been
made during last 3-4 decades to collect, characterise and
conserve these genetic resources in seed genbanks, in
vitro repositories, cryogenebanks and field genebanks.
However, in situ on farm conservation is now preferred
to conserve these genetic resources with the farmers
participation. Some of the landraces of major cereals
like wheat, rice, maize, barley, pulses and millets are
still widely grown and used by local communities. This
effort of farmers to grow these important landraces in
the farmers field would also protect and conserve the
valuable genetic resources. Establishing Community
Seed Banks (CSBs) at Panchayat or Block level may be
of great advantage in facilitating farmers in conserving,
utilizing and selling their produce. CSBs also can be
elevated to the status of small training hub for value
addition marketing activities of local products. This
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practice of conservation through use of landraces would
require handholding of farmers to enable them to get
suitable value of their produce. This would only be
possible by developing successful and reliable value
chains for these landraces or their value-added products.

Sustainable Food Systems

The global food system is, at present, based on extremely
low genetic diversity, this is impacting dietary quality
of vast population especially in the developing world.
Beyond their relevance to diets and nutrition, food
systems also play an important role in promoting
environmental sustainability (climate change adaptation
and mitigation, biodiversity, soil and water degradation),
inclusivity (viability for smallholder farmers, indigenous
peoples, gender equity), livelihood and productivity
(increased production of nutritious foods, economic
development). The Sustainable Development Goals
support making the food system more productive,
environmentally sustainable and resilient.

Almost half of the calories consumed by humans
come from just four crops, namely wheat, rice, sugar
and maize (FAO, 2018); consumed food is becoming
more energy-dense and nutrient-poor (Khoury et al.,
2014); and fruits and vegetables are under-consumed
in all regions of the world, except for China, Japan and
South Korea (Berners-Lee et al., 2018). Low intake of
fresh fruits, vegetables, nuts and seeds and whole grains
is associated with an increased risk of disease, especially
cardiovascular disease, type Il diabetes and cancer, and
affects the poorest populations in particular (Afshin et
al.,, 2019). Reversing these trends requires a redesign
of the global food system, which in turn necessitates a
thorough understanding of which foods have the potential
to simultaneously deliver environmental, nutritional and
livelihood benefits at local and global levels.

Extreme climate events are going to impact our food
security and in turn resilience of existing food systems.
Traditional food system which was more robust and
were climate resilient have largely disturbed due to the
changing demand for food and policies of governments
to grow more. There is a deep contradiction among the
policy makers, one side there is an advocacy for the
production centric agriculture to meet the increasing food
demand and another side need for resilient and sustainable
food systems to ensure environmental and nutritional
security is picking up the momentum. Transforming
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food systems for improved resilience has been discussed
by the Committee on World Food Security at the UN,
IPES-Food, International Assessment of Agricultural
Knowledge, Science and Technology for Development,
and the UN Food Systems Summit (UNFSS), however,
still opinions are divided (Mehrabi et al., 2022).
However, the demand for the more proteinaceous food
now even in the developing markets due to high rate of
obesity is changing the farm priorities. Diversification
of food would enhance number of crops in the farm and
would provide opportunity to farmers for crop rotation,
incorporation of native crops in farming system and also
the enhanced income.

In the 215t century agriculture is going under
immense transformation entry of educated and tech-savvy
youth entrepreneurs in to an attractive vast agricultural
economy to grasp some share through modern tools
is evident. The wave of start-ups coming in the Agri-
sectors and vast investment coming from domestic
and foreign investors in farmers as well as consumers
centric business is changing the entire landscape of
agri-business. During 2017 to 2020, India received
~US$ 1 billion in agritech funding. With significant
interest from the investors, India ranks third in terms of
agritech funding and number of agritech start-ups. By
2025, Indian agritech companies are likely to witness
investments worth US$ 30-35 billion (IBEF, Report,
2022). Substantial investment is going in to the value
chain development benefiting small and marginal farmers.
There is a great opportunity for farming community to
encash upon this trend and diversify to the nutri-rich,
climate resilient crops to meet the market demand and
to strengthen sustainable agriculture and food systems.
Diversification of production base and developing value
chains for indigenous landraces of food and horticultural
crops is the only answer to meet the food and nutrition
demand of increasing population.
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Contribution of Technology in Enhancing and Preserving PGR
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Agriculture begins with seed and most improvements in agriculture employ plant genetic diversity. Agricultural
trait improvement and genetic gain rely on germplasm diversity and associated information. Given the pace of
germplasm loss, technology is critical in germplasm management and preservation. Traits that improve crop
productivity and quality of produce also indirectly contribute towards germplasm conservation. Digital information

can also help to monitor and conserve genetic diversity.

Introduction

Plants form the basis for all other life on our planet.
They balance the various ecosystems and provide
food, fibre and fuel for the growing human population.
as well as habitat for most other organisms. Human
intervention with their growing number, urbanization
and industrialization have led to plant ecosystems being
disturbed resulting in loss of plant biodiversity. Plant
scientists have been working to preserve and conserve
the diversity of plant genetic resources across the globe.
Conservation efforts have been taken up both locally as
well as globally with contributions from communities
and nations. The diversity of plants needs to be preserved
as it is the only way forward for upgrading marginal
or degraded regions and for ecological sustainability.
Technology and agriculture are interfused with and make
use of diversity of germplasm and can also contribute
to its preservation.

Efforts so Far are Still not Adequate

The largest seed bank for long term storage of seeds
was established in 2008 near arctic circle, the Svalbard
Global Seed Vault. India is home to the second largest
gene bank set up by National Bureau of Plant Genetic
Resources (NBPGR) in 2021. Most of the countries
and CGIAR institutions have their own banks for plant
genetic resources. However, these efforts are inadequate,
given the immense diversity of the plant varieties and
races spread across the globe in varied environments.
In India, NBPGR and National Biodiversity Authority
(NBA) are the authorities that manage germplasm
conservation and access.
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Modern Technology Provides Solutions

In the era of genome sequencing and genomics,
physical access to germplasm is not the only way to
utilize and benefit from the diversity, the sequence data
associated with the germplasm is also a treasure trove
of knowledge that may be used for better understanding
a trait, improving it or modifying it with all the new
available breeding tools. Therefore, we need to invest in
generating gene sequence or protein data for the available
accessions in seed banks and devise a mechanism
to manage the access for such data. Promoting open
exchange of Digital Sequence Information (DSI) will
support conservation, fosters research into technological
solutions to tackle societal challenges and benefit the
global population as a whole. Germplasm or DSI access
is a necessity for scientific advancement and technological
development. Any barriers to the sharing and use of DSI
would discourage innovation and scientific research. The
benefits of open access and sharing were demonstrated
well in case of tracking and monitoring of SARS-CoV-2
across the globe, that helped in containment, management
of the spread and vaccine development for the virus.

Global and Local Approaches Needed

International Treaty on Plant Genetic Resources for Food
and Agriculture (ITPGRFA) was adopted by FAO in
2001 and focuses on sustainable use of all plant genetic
resources for food and agriculture. India is a signatory of
this treaty as well as Convention on Biological Diversity
(CBD). These treaties recognize the contribution of
farmers to the diversity of crops while establishing a
global system for access and benefit sharing. The open
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access and monitoring of benefit sharing will require
use of digital technologies across the globe, with cross
access across databases, so that duplication of efforts in
data monitoring is avoided. This will reduce costs and
ensure fair monitoring.

GM and Gene Edited Crops

Developers of GM and gene edited crops rely on
germplasm diversity and allelic variation for trait
improvement. Without ample sequence information
and study of variants and wild species, none of
the biotechnology tools would be effective. The
cultivation of the improved crops positively impacts
associated ecosystems as well as field resources. It
is well documented that GM cultivation has reduced
land conversion and reduced environmental impact of
agriculture. For instance, if crop biotechnology had
not been available to farmers in 2018, maintaining
global production levels that year would have required
the planting of an additional 14 percent of the arable
land in the United States, or roughly 38 percent of the
arable land in Brazil or 16 percent of the cropping
area in China. These technologies utilize plant genetic
resources and also contribute towards their conservation
and improvement.

Policy Imperatives

Continuous crop improvement is an imperative to meet
growing demand for food, feed and fuel. Governments
in each country, while trying to protect their own native
germplasm, have to adopt facilitating policies which
allow cross border exchange of germplasm, open access
to germplasm by both public and private sector players
and conservation of local germplasm by communities.
Private sector has a crucial role to play in the crop
improvement programs of different countries. It is very
important to clearly define the parameters of access and
benefit sharing for germplasm. Biodiversity conservation
efforts of different organizations and communities should
be rewarded and encouraged. Private industry may be
encouraged to help local communities to conserve their
genetic resources through professional management
of local seed banks. Harmonization of policies across
nations for conservation and exchange of plant genetic
material through global treaties is very important and they
should be put in place sooner than later. Farmers who
conserve natural resources including soil and biodiversity
should be rewarded on the basis of clearly defined and
measurable parameters. Short term and long-term storage
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infrastructure for germplasm may be created in remote
areas of the countries by the governments. Professional
cataloguing along with gene sequence and protein data
of all the germplasm stored in such facilities needs to
be facilitated by the government.

Sustainable Future Scenario

We are moving from productivity centric agriculture to
sustainable agriculture that requires diversity in food
crops and promoting local germplasms. Though plant
breeders have multiple modern tools available with
them, they all rely heavily on the historic records and
genetic sequence information. Be it MAS, GWAS or
gene editing they all can improve the breeding process
but need genetic sequence information about breeding
population or allelic variants. Breeding for climate
resilience and de-novo domestication will not only require
access to available diversity but will also contribute to
germplasm diversity for various crops adapted to local
environments.

Plant genetic resources preservation entails intense,
long-term investment and is spearheaded by national
governments or multi-nation consortia. But the resources,
be it seed or DSI is accessed by researchers, plant
breeders and trait developers from universities, public
institutions and private industry and in many cases,
they collaborate and contribute towards enhancing the
preservation and conservation efforts. An equitable
germplasm benefit sharing system can further support
conservation or efforts of a community. Open access
to plant genetic resources and collaboration between
various stakeholders will support plant breeding for global
food and nutritional security and maintain the diverse
niche farming systems. Local seed banks are needed for
better preservation and access to germplasm as well as
involvement of the local community and stakeholders.
Infrastructure development or upgradation is critical for
these efforts and it can be supported by stakeholders
accessing the germplasm from the seed bank

Global acceptance of policies and harmonization
across nation is also critical for adequate plant genetic
resource management, besides the use of digital
technologies, infrastructure development and use of new
breeding tools.

Indiscriminate destruction and misuse of natural
resources can be balanced by re-planting degraded areas
and conserving existing habitats in view of climate change
in a sustainable manner. This can only be achieved if
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diverse germplasm is preserved and are available for
use across the globe.
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Vegetable crops are key sources of essential micronutrients required for good health. They add fiber, flavor, taste,
and nutritional quality to human diets. Increasing production and consumption of vegetables constitutes a direct
and affordable way to deliver better health and overcome malnutrition. Vegetable production has the potential
to generate more income and employment than any other segment of the agricultural economy. Vegetables can
be grown on small areas of land, close to the consumers in urban and peri-urban settings, and they do not
necessarily need advanced technologies to grow them. To realize those benefits, governments and donors need
to give more weight and support to the ex situ, on-farm, and in situ conservation of genetic resources including
farmers’ varieties, landraces, and wild related species of global, as well as traditional, vegetables.

Key Words:
Vegetable legumes

Introduction

Climate change and population growth in many
developing countries impede progress toward achieving
food and nutritional security. The historic success of the
Green Revolution in terms of yield gains, together with
lower food prices, ensured adequate quantities of staple
cereal grain, thereby drastically reducing the problem
of famine. However, after years of steady decline, the
trend in world hunger is now slowly increasing in terms
of under-nutrition and malnutrition. Hunger and under-
nutrition among children, pregnant ladies, lactating
mothers particularly in the economically weaker strata
of the society is one of the pervasive health problem
in developing country contributing to malnutrition and
mortality at younger stage. Malnutrition is the single most
important risk factor for disease. Diet-related diseases
such as diabetes, cardiovascular disease, hypertension,
stroke, cancer, and obesity are escalating at a global
level. Despite of being the direct outcome of the food
habit of any individual, nutrition has been perceived as a
minor factor by policy planners in our country. Despite
India being self-sufficient in food grain production, it
was home to nearly one fourth of world population of
the under-nourished people.

Of-late, diversified diets based on a range of
crop species, are essential for nutritional security
which could be achieved by shifting the policies of
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Alliums, Brassicas, Chillies, Cucurbits, Eggplant, Lettuce, Micronutrients, Spinach, Tomatoes,

“calories fundamentalism” to “nutrition sensitive”
ones. Importance of fruits and vegetables in the daily
human diet promotes and recommends the consumption
of 400 g of fruits and vegetables per day to provide
necessary nutrient lacking in other food groups (WHO
2003). With the increasing epidemiological support
on benefit of vegetable consumption on health, Indian
Council of Medical Research (ICMR) recommended
300 g vegetable consumption (125 g leafy vegetable,
100 g root and tuber and 75g fruit vegetable) per capita
per day. The diversity and quality of food produced
and consumed is a decisive factor when addressing
the triple burden of malnutrition, i.e., undernutrition,
micronutrient deficiency, and over-nutrition. Although
fruit and vegetables are usually mentioned jointly when
addressing malnutrition, this article focuses mainly on
the compilation and review the role of both global and
traditional vegetables in addressing nutritional security
and human health.

Economic Importance of Vegetables

Vegetables comprise a wide range of genera and
species and are important component of a healthy diet.
They ensure nutrition security through the provision of
vitamins, antioxidants, minerals, fiber, amino acids, and
other health-promoting compounds, while enhancing
diversity, flavor, and taste of many otherwise bland staple
dishes. Vegetables are rich sources of diverse group of
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nutraceuticals with specific health benefit. Being high
value cash crops and an excellent source of vitamins and
micronutrients, vegetables not only generate employment
and income, but immensely contribute to gender equity,
better livelihoods, and alleviate malnutrition from
imbalanced diets in developing countries as well as
in developed countries through increased vegetable
consumption. Amongst various food groups, vegetables
have been considered as important towards addressing
the chronic issue of nutritional security. If integrated
in the daily diet, several indigenous vegetables are rich
source of micronutrients and have potential to contribute
to nutritional security.

Diversity in Vegetable Species

A world vegetable survey showed that 402 vegetable
crops representing 230 genera across 69 families ate
cultivated worldwide. The most dominant vegetables are
tomatoes, cucurbits (pumpkins, squashes, cucumbers, and
gherkins), alliums (onion, garlic, shallot), and chillies
(sweet and hot pepper; Capsicum spp.). Other major
vegetable crops based on farm gate value of global
production, are spinach, brassicas (cabbages, broccoli,
rape), vegetable legumes, eggplants, lettuce and chicory,
carrots and turnips, and asparagus. Production statistics
usually do not list indigenous or traditional vegetables
as these are often produced in home or family gardens
or collected from the wild for family consumption, and
they are, in general, only offered in local markets.

The term “indigenous vegetables” primarily refers to
plants grown in their centers of origin or diversity, but
also encompasses plant species introduced from other
geographical areas that adapted well, naturalized, and
evolved in the new environment. Indigenous vegetables
are often more nutrient-dense than global vegetables,
require low levels of external inputs, and cope well with
abiotic and biotic stresses if grown on a small scale
and in mixed cropping systems as is the case in their
centers of origin. However, data on nutritional profiles
of indigenous vegetables in raw and cooked forms are
scarce.

With a few exceptions, private and public sector
investments in vegetable research are mainly focusing
on the development of hybrid cultivars of predominantly
global vegetables, while indigenous or traditional
vegetables are being neglected. High adaptability of these
indigenous vegetable crops to biotic and abiotic stresses
makes them a source of income and nutrition to the
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farmers during any such stress by combating malnutrition
and poverty. Several organizations in NARS including
the National Bureau of Plant Genetic Resources, New
Delhi, ICAR-Indian Institute of Vegetable Research,
Varanasi have a highly diverse collection of indigenous
vegetables, and are engaged in multiplying selected lines
of a wide range of crops while conserving their genetic
resource base.

Since Independence, there has been marked increase
in production, per capita availability and consumption
of fruits and vegetables. A combination of agriculture
research and efficient implementation of government
policies have resulted in a shift in land use from staple
crop farming to commercial farming particularly the
cultivation of vegetables as cash crops and off-season
cultivation under protected structures has ensured
availability of adequate quantity and quality of safe
vegetables of a particular season area throughout the year
for consumption. This has in turn resulted in an increased
supply of non-staple foods including vegetables, with a
positive impact on the nutritional status of the country.
Blessed with varied agro-climatic zones amenable to
grow a wide range of vegetable crops, India is the
second largest producer of vegetable crops in the world
with 191.77 MT production next only to China with
productivity of 18.52 t/ha (24 advance estimate for 2019-
20 of National Horticulture Board). Vegetables contribute
41.32% area and 59.32% production in total horticultural
crops. Consumers are now offered more diversity and
convenience but at the same time cheaper, less healthy,
and highly processed food with high content of fats
and sugars has been made more easily accessible and
affordable and is, therefore, in high demand. However,
increasing awareness of the importance of nutritious
diet including fruits and vegetables is required to attain
long-term outcome of such efforts and policies.

Nutritional Potential of Vegetables

Though the nutrient content in vegetables varies with
the variety and hybrids, Toensmeier et al. (2020) have
reviewed and classified the nutrient concentration cases
in major vegetables based on the reference crop nutrient
levels, thereby identifying multi-nutrient species to
address traditional malnutrition. Each vegetable group
contains a unique combination and amount of these
phytochemicals, which distinguishes them from other
groups for example the Apiaceae family (e.g. celery,
parsley, carrot) is rich in flavonoids, carotenoids, vitamin
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C, and vitamin E. Celery and parsley for example are
among the best vegetables sources for the flavonoid
apigenin and vitamin E, and carrots have an unique
combination of three flavonoids: kaempferol, quercetin,
and luteolin. The Asteraceae or Compositae family
(e.g. lettuce, chicory) is rich in conjugated quercetin,
flavonoids, and tocopherols. The Cucurbitaceae family
(e.g. pumpkin, squash, melon, cucumber) is rich in
vitamin C, carotenoids, and tocopherols. In a survey
of 350 melon accessions of Cucurbita melo a 50-fold
variation in ascorbic acid content, ranging from 0.7 mg
to 35.3 mg/100g of fresh fruit weight was observed.
Ascorbic acid and B-carotene content ranged from 7.0
to 32.0 mg/100g and 4.7 to 62.2 pg/100g, respectively
in sweet melons. Bitter gourd (Momordica charantia)
has anti-diabetic properties and can be used to ameliorate
the effects of type-2 diabetes. The Chenopdiaceae family
(e.g. spinach, Swiss chard, beet greens) is an excellent
source of folate and have been shown to inhibit DNA
synthesis in proliferating human gastric adenocarcinoma
cells.

All the legumes (Fabaceae or Leguminosae family;
e.g. bean, pea and soy-bean), seeds are good sources
of dietary fiber and iso-flavonoids. Some legumes are
also rich in iron. Cruciferous vegetables (Brassicacea
or Cruciferae family) which include, cabbage, brocolli,
cauliflower, Brussels sprouts, kales, Chinese cabbage,
turnip, rutabaga, radish, horseradish, watercress,
mustards, among other vegetables, provide the richest
sources of glucosinolates in the human diet. Based
on one of the largest and most detailed reviews of
diet and cancer, the World Cancer Research Fund in
USA concluded that a diet rich in crucifers is likely
to protect humans against colon, rectum, and thyroid
cancers, and when consumed with vegetables rich in
other phytonutriceuticals. Crucifers rich in glucosinolates
including broccoli, cabbage, Brussels sprouts, and kale
have been shown to protect against lung, prostate cancer,
breast cancer, and chemically induced cancers.

Alliums vegetables (Alliaceae family) include, garlic,
onion, leek, chive, Welsh onion, among other vegetables.
They are rich in a wide variety of thiosulfides, which
have been linked to reducing various chronic diseases.
Owing to the presence of prebiotic polysaccharides,
which are poorly degraded by the gut enzymes, and
the presence of flavonoids, onions have been shown to
possess antidiabetic potential. Consumption of Allium
vegetables has been found to retard growth of several
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types of cancers. For instance, there appears to be a
strong link between the consumption of onions and the
reduced incidence of stomach and intestine cancers.

A study of the factors determining micronutrient
bioaccessibility in leafy vegetables revealed that
the pectin content of the leaves impaired carotenoid
bioaccessibility. Leafy vegetables are rich in condensed
tannins, such as drumstick tree (Moringa oleifera),
had exceptionally low content of pectin and were
characterized by high micronutrient bioaccessibility.
Therefore, selection and development of cultivars with
high micronutrient and low pectin content is a good
approach to improve absorption of micronutrients by
the human gut.

In the present scenario it is important for
diversification towards traditional crops because the
current dependence on a few major crops may result
in food scarcity. Traditional, underutilized crops,
especially those which are locally available and culturally
acceptable, are ideally placed to play a much greater
role in contributing to improved nutrition and health.
These underutilized crops are also referred by other terms
such as orphan, under-exploited, underdeveloped, new,
novel, promising, neglected, alternative, pseudocrops or
local crops. Some of these crops include Chenopodium,
amaranth, oca, kalazeera, buckwheat, basella, fenugreek,
moringa etc. which are resistant to adverse climatic
conditions and can be used to improve food supply as
well as income to the growers.

Fresh leaves and tender shoots are consumed as
vegetable throughout the world. Several leafy vegetables
are produced and consumed in India viz., Amaranth,
Spinach beet, Basella, fenugreek, bathua, mustard and
other minor crops grown regionally across the country.
Green leafy vegetables are rich source of nutrients such as
minerals (Fe, Zn, Ca, K, P and Mg), vitamins (vitamins
A, K, C, E, and B complex), essential amino acids,
antioxidants, phytochemicals and dietary fibre which
are beneficial for the maintenance of good health, and
prevention of diseases and malnutrition. These foods
are ideal for weight management as they are typically
low in calories. They are useful in reducing the risk
of cancer and heart disease since they are low in fat,
high in dietary fiber, and rich in folic acid, vitamin
C, potassium and magnesium, as well as containing a
host of phytochemicals, such as lutein, B-cryptoxanthin,
zeaxanthin, and B-carotene. Because of their high
magnesium content and low glycemic index, green leafy
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vegetables are also valuable for persons with type 2
diabetes. The high level of vitamin K in greens makes
them important for the production of osteocalcin, a
protein essential for bone health. Green vegetables are
also a major source of iron and calcium for any diet.
Green leafy vegetables are rich in beta-carotene, which
can also be converted into vitamin A and also improve
immune function.

Perennial vegetables are neglected and underutilized
class of crops with potential to address current nutrtitional
challenges. They represent 33-56% of cultivated
vegetable species, and occupy 6% of world vegetable
cropland. Despite their distinct relevance to climate
change mitigation and nutritional security, perennial
vegetables receive little attention in the scientific
literature. Compared to widely grown and marketed
vegetable crops, many perennial vegetables show higher
levels of key nutrients needed to address deficiencies.
Trees with edible leaves are the group of vegetables
with the highest levels of these key nutrients. Individual
“multi-nutrient” species are identified with very high
levels of multiple nutrients for addressing deficiencies.
Under exploited vegetables are increasingly been
recognized as essential for food and nutritional security.
Global diversity in vegetable crops is estimated at about
400 species, with about 80 species of major and minor
vegetables are reported to have originated in India. It
provides a promising economic opportunity for reducing
rural poverty and unemployment and providing farm
diversification strategies. The nutritional composition
studies could be used to develop strategies to promote
the consumption, acculturation and commercialization
of these vegetables.

Minor vegetable have immense potential for
contribution to a particular pocket’s of food production
because they are well adapted to existing as well as
adverse environmental conditions and are generally
resistant to pests and pathogens. Minor legumes may
be a cheap, alternate source of protein and can alleviate
protein malnutrition among preschool children in rural
areas. Nutritious pods of Parkia roxburghii are consumed
as staple legume vegetable in the NEH region of the
country. Similarly, Mucuna pruriens is considered one
of the most preferred legume vegetables in tribal people
of Uttar Pradesh, Bihar and Jharkhand. A vast reservoir
of leafy vegetables belongs to group of underutilized
vegetables, which are rich source of vitamins, minerals,
fiber and diversity in the diet. Furthermore, they have
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been a traditional part of cropping systems, especially
in home gardens. Their cultivation, utilization and
acceptability should not be a problem. Minor vegetables
as a whole can, therefore, make an impact on the
nutritional status of population, yet among food crops,
they are neglected. They are generally low in energy and
dry matter content, but immensely important as source
of protective nutrients, especially vitamins, mineral and
phyto-chemicals. Vegetables are the most important
source of vitamin A, which is deficient in most part of
the world where rice based diets predominate, blinding
thousands of children, annually.

Phytochemicals in Vegetables

Phytochemicals/ phytonutrients / phytonutriceuticals are
organic compounds derived from plants that have health
promoting properties. Besides the common nutrients
such as carbohydrates, amino acids and protein, there
are certain non- nutrient phytochemicals in vegetables
that have biological activity against chronic diseases.
They are low in fat and, like all plant products, contain
no cholesterol. Most phytochemicals are found in
relatively small quantities in vegetable crops. However,
when consumed in sufficient quantities, phytochemicals
contribute significantly towards protecting living cells
against chronic diseases. Major phytochemicals have
been classified in to ten different classes based on
their biological activities including carotenoids (o-
and B-carotene, p-cryptoxanthin, lutein, lycopene, and
zeaxanthin), glucosinolates (sulforaphane, indole-3
carbinol), inositol phosphates (phytate, inositol tetra
and penta phosphates), cyclic phenolics (chlorogenic
acid, ellagic acid, and coumarins), phyto-estrogens
(isoflavones, daidzenin, genistein, and lignans),
phytosterols (campestrol, B- sitsterol, and stigmasterol),
phenols (flavanoids), protease inhibitors, saponins, and
sulfides and thiols.

Vegetables have been shown to protect against
specific types of cancer for example, the crucifers
(Brassicaceae) including Broccoli, Brussels sprouts,
Kale and Cabbage have been shown to protect against
lung and chemically induced cancers. The alliums
(Liliaceae), including garlic, chive, and onion have been
shown to protect against stomach cancer, the solanaceous
vegetables (Solanaceae) including tomatoes and pepper
have been shown to protect against esophageal, gastric,
and prostrate cancers. The chenopods (Chenopodiaceae)
including spinach and chard have been shown to
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inhibit DNA synthesis in proliferating human gastric
adenocarcinoma cells. There is increasing evidence
for a link between antioxidant nutrients (e.g. vitamin
C, vitamin E, B-carotene and selenium) in fruits and
vegetables and lower risk of cardiovascular disease.
Studies have found that 34 per cent reduction in mortality
is due to cardiovascular disease among those who
consumed vegetables rich in vitamin E and C. A 30-40
per cent reduction in risk of colon cancer in populations
with higher vegetable consumption, especially garlic
and dietary fiber has also been reported. In addition to
reducing cancer and cardiovascular diseases, a diet high
in vegetables has also been linked to reducing rheumatoid
arthritis, anemia, diabetes, macular degeneration and
gastric ulcer. The carotenoids, Vitamin E, and Vitamin
C are now firmly established as protective dietary
antioxidants with additional beneficial functions.
Polyphenols and flavonoids are also gaining prominence
and the protective role of folate is above dispute. All
of these components are uniquely found in fresh and
cooked vegetables, which underline the importance
of vegetables in healthy diets. Major antioxidants and
polyphenolic compounds present in different vegetable
crops has been provided in Table 1.

Source for Minerals and Micronutrients
Supplements

Wide ranges of minerals and trace element are present in
vegetables. Leafy vegetables and crucifers are rich source

Table 1. Major antioxidants and polyphenolic compound in vegetable
crops

Major antioxidants

B-Carotene Carrot, fennel, kale, mustard greens, pumpkin,
red pepper, lettuce, spinach, sweet potatoes,
swiss chard, winter squash.

Vitamin C Broccoli, brussels sprouts, watermelon,

cauliflower, green pepper, red cabbage, red
pepper, potatoes

Lutein/ zeaxanthin ~ Kale, broccoli, spinach, winter squash, brussels
sprouts, celery, leeks, mustard greens, peas,

green onions, summer squash

Lycopene Tomato, watermelon

Vitamin E Dark green leafy vegetables, sweet potatoes

Lipoic acid Dark leafy green vegetables, especially spinach
and broccoli

Flavonoids Onions, soybeans Onion, lettuce, endive, horse

radish, tomato and beans.
Polyphenols Grapes, nuts, oranges, strawberries, green tea,
black tea, red wine
Anthocyanin Red cabbage, purple broccoli, brinjal, rhubarb,
radish, black carrot, onion
Flavones Celery, tomato, brinjal, garlic, onion

Isoflavone Soybean, pea, broccoli, asparagus, alfalfa, okra
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of minerals and trace element. Calcium, phosphorus and
iron are important minerals have major role in bone
health and prevention of anaemia. The important trace
element found in vegetables are Zn, Cu, Mn, Se played an
important role in immune function, body defence against
oxidative stress. Interest in selenium as a nutraceuticals
has increased dramatically in the last three decades as a
results of several studies that demonstrated that increased
risk of cancer with low selenium intake. Broccoli and
garlic are rich source of selenium when grown on high
selenium rich soil. Chromium is another trace element
which may be effective in optimizing insulin metabolism
and lowering plasma cholesterol levels. On an average
a man excretes daily about 20 to 30 g of mineral salts,
consisting mostly of chlorides, sulphate and phosphates
of sodium, potassium, magnesium and calcium and
this output must be recuperated by the intake of food
stuffs. In case of the growing body, provision must be
made for additional amounts of many of the elements
to ensure adequate growth of the tissues. Underutilized
vegetables are considered to be a reservoir of various
mineral nutrients. Looking into the prevalence of high
level of micronutrient malnutrition among the vulnerable
sections in the developing countries and the increasing
prevalence of chronic degenerative diseases globally, the
need for exploration of underutilized foods is significant
to overcome the nutritional disorders. The diet and food
based approach in combating micronutrient malnutrition
is essential for its role in increasing the availability and
consumption of micronutrient rich foods. Increasing the
utilization of green leafy vegetables (GLV) in our diet,
known to be rich sources of micronutrients as well as
dietary fiber can be a food-based approach for ensuring
the intake of these nutrients. It is essential that the
locally available GLV, which are inexpensive and easy
to cook, be used in the diets to eradicate micronutrient
malnutrition and also to prevent the degenerative diseases.

Medicinal Importance of Vegetables

Naturally occurring nutraceuticals have potentiality
to overcome growing problem of non-communicating
diseases like cancer, cardiovascular disease, alzheimer,
diabetes and so on through there multiple health
promoting function. Vegetables are rich sources of diverse
group of nutraceuticals with specific health benefit.

Number of minor vegetables possesses several
desired medicinal properties. Drumstick is known for
its medicinal properties since time immemorial and its
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leaves are used by physicians of traditional medicine
for the treatment of hypertension. Hypotensive action
of alcoholic extract obtained from the dried drumstick
leaves in patients with moderate to severe hypertension.
The anti-perkinsonian and prolactin reducing effects of
minor legume vegetable, Mucuna pruriens have been
reported. Eating leaves of Polygonum plebeium as
vegetable improves lactation. Macro and micro-scopic
studies on the underutilized leafy vegetable Alternanthera
sessilis and Portulaca quandrifida and the inflorescence
analysis of its powder, quantitative microscopy and micro
chemical tests have been reported. Antifibrionolytic
activity of the roots of minor leafy vegetable Boerhaavia
diffusa has been found to be due to a phenol glucoside,
punarnvoside. It was found effective in controlling IUD
induced bleeding in monkeys. List of minor vegetables
reported to have significant pharmacological activity is
given in Table 2.

Table 2. Underexploited vegetables possessing medicinal properties

Vegetables
Boerhaavia diffusa L.

Family Activity

Nyctaginaceae ~ IUCD

Carica papaya L. Caricaceae Anti- androgenic
Cissus quandragularis L.  Vitaceae Analgesic
Coleus forskohlii (Willd.) Labiatae CNS depressant,

Brigq. Hypotensive
Spasmolytic

Costus speciosus (Koen.  Costaceae Hypotensive

ex Retz.) Sm

Cyamopsis tetragonoloba  Papilionaceae ~ Hypoglycaemic,
(L.) Taub Hypolipidaemic

Gymnema sylvestre (Retz.) Asclepiadaceae Hypoglycaemic
Schult

Mollugo cerviana (L.) Ser. Molluginaceae  Cordiostimulant
Momordica charantia L.  Cucurbitacea Hypoglycaemic,

Hypolipidaemic
Trianthema Aizoaceae Analgesic, Antipyretic,
portulacastrum L CNS

depressant

The benefits of cultivating indigenous crops and
conserving their germplasm over the introduced HY Vs
include cultivation of indigenous crops can make
agriculture more genetically diverse and sustainable,
consumption of domestically cultivated indigenous
crops can reduce the carbon footprints and imports,
the indigenous crops are highly adapted to the climatic
conditions of the land, and consumption of indigenous
foods contribute to food diversity and enrichment of
diet with micronutrients provides health benefits due to
the interactions between the inherited genes and food
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nutrients. However, there may be few challenges in
reviving indigenous species, which may include farmers’
willingness in the propagation of indigenous varieties,
identifying the farmers with traditional knowledge of
crop cultivation, encouraging the farmers with large
landholdings to cultivate indigenous crops, awareness
among the consumers and stakeholders about the
ecological and health benefits of indigenous varieties,
support of the government to the farmers for the
propagation of these crops in small and large scale, and
development of mechanization suitable for processing
indigenous crops, as the existing machines are designed
for the HY'Vs, and employing the same techniques for
the processing of indigenous crops may lead to the loss
of micronutrients and phytochemicals.

Conclusions

The effective utilization of vegetable genetic resources in
breeding programs and testing and deployment of newly
developed varieties with tolerance to abiotic stresses
and resistance against multiple diseases and insect pests
in farmers’ fields will ultimately benefit the farming
community and consumers. By doing so, a significant
reduction or, even better, a complete elimination of the
obvious and persistent gap between WHO-recommended
and actual intake levels of fruits and vegetables would
make a significant contribution to the achievement of
Sustainable Development Goals related to food and
nutrition security and good health, in particular aiming
at doubling agricultural productivity and incomes of
small-scale food producers, ensuring sustainable food
systems, and maintaining genetic diversity.
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Plant exploration and germplasm collection is the foremost activity in PGR management system aimed at
augmenting genetic resources for ex-situ conservation and utilization by end users. Organized PGR collecting was
initiated in India way back in 1946, and so far, 2.82 lakhs accessions representative of nearly 1,695 crops/species
have been collected through 2,838 explorations undertaken across the country mainly in collaboration with ICAR
crop-based institutes and SAUs. Till two decades back, the focus has been shifted mainly on the collection of
cultivated variability which has resulted in fair representative collections for important crops from across India.
Now, increasing importance has been entrusted to crop wild relatives, minor fruits and wild edibles species,
which has resulted in a phenomenal share of wild germplasm (18%) in the total collection. This communication
highlights the collection trends, salient achievements made, emerging issues, and the priority areas which need
adequate addressing for meaningful germplasm collections.

Key Words: Crop landraces, Diversity-rich areas, Gap analysis, Germplasm augmentation, Trait-

specific germplasm

Introduction

The Indian subcontinent represents four mega biodiversity
hotspots, one among 12 megacentres of crop plant
diversity in the world, and about 166 crop taxa have
originated and/or developed diversity here (Zeven and
de Wet, 1982). There are 861 taxa of crop wild relatives
documented in India, which includes wild/weedy forms
or wild populations of 150 crop taxa in this country
(Pradheep et al., 2021). Crops such as rice, sugarcane,
green gram, black gram, jute, mango, citrus, banana,
cucumber, snake gourd, yam, taro, turmeric, ginger,
cardamom, black pepper, jack fruit, horse gram, sesame,
okra, and muskmelon, etc. have originated and evolved
here. In addition, since antiquity, several new crops were
also introduced in Indian agriculture at various times,
resulting in constant enrichment of cultivated species,
besides many semi-domesticates. A total of 480 crop
species of food and agricultural importance and >1000
wild edible plants were documented in this country
(Arora and Pandey, 1996; Nayar et al., 2003).

Plant genetic resources (PGR) are one of the most
important components of present and future crop breeding
programmes. The pattern of crop diversity depends
on interactions between plants’ genetic makeup and
environmental factors including biotic and human factors.

*Author for Correspondence: Email-Sudhir.Ahlawat@icar.gov.in
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Augmentation of germplasm is the first and foremost
activity in the PGR management system. Germplasm
collectors rationally apply scientific principles during
collection to arrive at an optimum number of samples
from a particular site, which is manageable by curators/
breeders. More the scientifically-collected diversity is
conserved and made available for future use, better the
chances of fulfilling future demands. For a successful
germplasm collection programme, considerable
knowledge of diverse disciplines such as phytogeography,
agro-ecology, plant taxonomy and ethnobotany, the
biology of crops, and the allied fields is of paramount
significance. The threat to loss of diversity, particularly
in the wake of anthropogenic pressures and emerging
vagaries of climate change, necessitates collecting
representative diversity for conservation lest it is lost
forever. Besides, germplasm collecting is also aimed
for use in breeding programmes, immediate use (e.g.,
wild edibles), and filling the gaps in existing ex situ
collections. The germplasm may represent any of
the following kinds, namely, wild form, weedy race,
landrace/primitive cultivar, obsolete and advanced
cultivars, ecotype, botanical form/variety, subspecies,
wild progenitor, crossable wild relatives, etc.; this
indicates that an explorer generally aims to collect
genepool samples. In recent years, increasing interest
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was shown in germplasm collection of wild species of
current and potential use.

There were reports of sporadic collections of
indigenous crop germplasm during the earlier part of
the 20th century. However, systematic plant exploration
and collection work was initiated in India with the
establishment of a nucleus Plant Exploration and
Collection Unit in 1946 in the then Division of Botany,
Imperial Agricultural Research Institute, New Delhi
under the leadership of Dr Harbhajan Singh, who is
also known as ‘Indian Vavilov’, and had significantly
contributed to the field of PGR collection. The period
between 1946 and 1976, has also witnessed several
national and international collaborative explorations in
the country, fetching a sizeable collection of over 31,225
acc. comprising cereals, millets, legumes, oilseeds,
vegetables, fibre yielding and other economic plants.

The exploration activities have been more
systematized with the creation of NBPGR in 1976.
The Bureau with its 10 Regional Stations coordinates/
undertakes exploration with crop-based institutes of
ICAR, AICRPs and SAUs. The majority of exploration
missions during the initial years were of multi-crop/
region-specific surveys and collection; however, during
the 1980s, collaborative explorations with crop-based
institutes received a greater impetus. Priorities were set
at both crop/ species level as well as phytogeography/
habitat level. After the implementation of the Convention
on Biological Diversity in 1993, germplasm was
considered sovereign property of the nation. This
demanded the urgent need for survey, inventorisation,
collection, conservation and documentation of native
PGR. Collection activity has gained momentum through
the World Bank-aided National Agricultural Technology
Project (NATP) on Sustainable Management of Plant
Biodiversity, operational at ICAR-NBPGR from
September 1999 to 2005 (as reflected in Fig. 1). During
the past two decades, the number of annual explorations
remains almost unchanged (30-40 in number), but priority
has shifted towards collecting trait-specific germplasm
and wild germplasm including CWR and minor fruits,
which resulted in a significant increase of wild germplasm
(18%) and 890 wild species are collected. At the same
time, accessions collected per exploration trip was more
than 100 per trip till 1992, becoming less than 100
subsequently (see Fig. 1) indicating focused collecting.
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Collection Status

Since the inception of NBPGR, a significant amount of
diversity in the majority of crops and their wild relatives
have been assembled from all the phytogeographic/
agroecological regions of the country. So far, a total
0f2,81,759 accessions comprising cultivated (2,11,574)
and wild species (38,950) have been assembled through
2,838 explorations conducted in collaboration with
ICAR crop-based institutes, SAUs, KVKs and other
stakeholders (Fig. 1). Crop group-wise holdings indicate
that the majority of collections have been made in
the cereals (61,496) followed by vegetables (55,353)
and pulses (42,162). Collections in other crop groups
include 22,879 in millets, 7,447 in pseudocereals,
25,659 in oilseeds, 5,707 in fibres, 14,525 in fruits,
2,046 in fodder species, 28,317 in spices, condiments
and M&AP, 2,107 in agroforestry species and 1,235 in
sugarcane. The germplasm collections for major crops
are given in Table 1.

Details of areas/regions from where germplasm
collections made (phytogeography/ crop/ crop-group/
wise), gap areas (geographic region/crop/crop-group-
wise), and targeted priority traits, if any, were documented
then and there in the past works (Arora, 1988; Malik and
Srivastava, 2004; Ahlawat et al., 2015). The Western
Ghats, Western Himalayas, arid and semi-arid regions
and Andaman & Nicobar Islands were reasonably well
explored for crops, while remote and tribal areas of the
NEH region, central and eastern India, Eastern Ghats,
and Jammu & Kashmir, as well as distinct ecosystems
like coastal areas and cold-arid tracts, exhibited some
collection deficits, which are being addressed in a phased
manner. Collected germplasm represents distinctly named
landraces/local cultivars (e.g., rice-14,491; maize-316;
pigeonpea-97). In general, more emphasis was given to
augmenting orthodox seed-bearing field crops (including
vegetables, and seed spices) as they can be bankable
in the NGB. However, the functioning of the cryobank
facility and the development of adequate protocols have
led to the collection of recalcitrant species like citrus,
and minor or under-utilized fruits as well. For collection
and conservation of perennial horticultural crops (like
fruit, plantation, and other tree crops) whose conservation
is mainly made through field gene bank, the Bureau is
maintaining a strong linkage with the respective NAGS.
Salient collection achievements are given in Box 1.
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Table 1. Germplasm collection status of major crops

Crop-group Crops (accessions)*

1. Cereals
2. Millets
3. Pseudocereals

Grain legumes

S. Oilseeds

6. Vegetables
Fibre

8. Fruits and nuts

9. Fodder spp.

10. Spices and

Rice (103,538), wheat (21,107), maize (14,221), barley (7,889), oats (619)

Sorghum (13,742), pearlmillet (9,074), finger millet (12,918), foxtail millet (6,142), kodo millet (2,744), barnyard millet
(2,510), proso millet (1,854), little millet (765)

Grain amaranth (6,817), buckwheat (1,909), chenopod (379), job’s tears (344)

Chickpea (16,300), pigeonpea (14,436), greengram (7,534), blackgram (5919), French bean (7,295), horsegram-(3,614),
lentil (5,028), mothbean (2,672), adzuki bean (162), cowpea (8,807)

Groundnut (12,014), sesame (10,275), rapeseed & mustard (8,089), soybean (4,185), linseed (3.077), niger (2,857),
perilla (583)

Chilli (8,069), okra (4,462), lablab bean (4,115), tomato (1,549), brinjal (6,251), onion (2,931), garlic (1,952), Colocasia
(2,739), bittergourd (Momordica spp., 2,360), ridge-gourd (1,593), sponge gourd (1,385), bottle gourd (2,011), pointed
gourd (163), watermelon (804), cucumber (1,746), snapmelon (356), pea (5,245), winged bean (305), drumstick (234),
yam (81), Dioscorea spp (1,750), pumpkin (1,898), ivy gourd (310)

Cotton (14,202), jute (2,948), sunnhemp (419), roselle (1,291)

Bael (127), custard apple (378), chironji (140), Capparis (68), Cordia (130), aonla (183), phalsa (187), karonda (29),
khirni (103), Salvadora (147), pomegranate (360), ber (112), sapota (57), peach (115), walnut (764), apple (110), citrus
(847), jackfruit (581), water nut (764), papaya (189), apricot (664), pear (102)

Sain grass (264), lucerne (352), Sorghum (13,742)
Dill (99), celery (129), caraway (45), black caraway (16), coriander (1,778), cumin (560), fennel (181), Nigella (51),

condiments anise (19), fenugreek (558), turmeric (2,822), ginger (2,525)
11 M&AP Aloe (454), ashwagandha (97), giloe (317), Ocimum (633), kalmegh (222), bhang (27)
12. Agroforestry spp. Acacia nilotica (134), Casuarina equisetifolia (4), Eucalyptus (5), Leucaena leucocephala (13)

*This collection figure includes collections from all stakeholders processed for IC numbers
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Fig. 1. Trends in germplasm collection since the inception of NBPGR
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Box 1. Significant Achievements at a Glance

From 1966 to prior to the adoption of CBD, joint explorations in collaboration with other countries and CGIAR centres
were undertaken under PL-480 scheme, Indo-Australian mission, Indo-Canadian mission, Indo-Japanese mission,
INDO-USAID, USIF, G-15, IPGRI, IRRI, ICRISAT, etc. A total of 50,205 samples were collected within India (37,580)
and from foreign countries (12,625).

Implementation of NATP-Plant Biodiversity: a unique effort at the national level, wherein more than 130
organizations representing all crop-based Institutes, SAUs, NGOs, etc. collaborated for the national cause of
collecting and conserving agro-biodiversity in mission mode approach. A total of 1,733 explorations were undertaken
and 1,05,949 acc. were augmented.

Trait-specific collections: Exclusive explorations for biotic and abiotic stress in tolerant germplasm are conducted
for rice, wheat, maize, brassica, oilseeds, etc. crops. Some examples include drought/terminal heat tolerant wheat
landraces (Kharchia, Lal gehun, Wazia, Khattia) from areas adjoining the southern Thar Desert; grey mildew immune
cotton from Tamil Nadu; orange-fleshed cucumber from Manipur and Mizoram; spineless bael from Jaunpur; deep
water rice landraces from Assam; salt-tolerant rice landraces from West Bengal. The germplasm for quality traits are
collected generally based on the information from farmers.

Diversity-rich areas explored/Special Exploration Missions executed: 16 special missions have been
undertaken in different inaccessible areas like A&N islands, Brahmaputra River island (Assam), Sunderbans delta
(West Bengal), Valley of Flowers (Uttarakhand), Zanskar valley, Western Ghats (Maharashtra and Karnataka) etc.
Rescue missions: cyclone-hit areas (1999-2000) and flood-affected areas (2008) in Odisha; Tehri dam catchment
areas (2000) and natural calamity-affected areas (2013) in Uttarakhand; Earthquake-hit areas of Kachchh (Gujarat,
2001); Sardar Sarovar catchment areas (Gujarat, MP and Maharashtra, 2001-2003).

Difficult/disturbed areas explored: Long duration (45 days) exploration in Nicobar; Nyoma and Zanskar (>3500m)
in Ladakh; Gurez and Kistwar in J&K; Malkangiri hills (Odisha); Gadchiroli district (Maharashtra); Bastar, Sukma and
Konta (Chhattisgarh).

Use of GIS in gap analysis: Geo-referencing and mapping of diversity vis-a-vis germplasm collected and conserved
has been completed in 21 major crops (rice, wheat, maize, chickpea, pigeonpea, Sesamum, pearl millet, sorghum,
fox-tail milllet, finger milllet, proso milllet, little milllet, kodo millet, black gram, mothbean, green gram, cowpea,
ricebean, tomato, brinjal, Allium) and accordingly gap areas were identified up to district/taluk level. This activity also
facilitates the identification of duplicates and updating of passport data. Trait-specific germplasm and potential sites
are being identified through grid mapping.

PGR Map: The PGR Map is a web-based and mobile application that provides three uses: “What's around me” helps
to obtain the accessions collected and conserved in the genebank from a particular location in India from where the
user is accessing; “Search the map” helps to list the accessions collected and conserved in the genebank; “Search
for species” helps to map the collection sites of a species.

National Herbarium of Cultivated Plants-: This Index-Herbariorum accredited herbarium has 25,283 herbarium
specimens representative of 267 families, 1,547 genera and 4,380 species of important taxa of PGR relevance
including over 500 crop taxa and 550 CWRs. Sixteen new taxa, not represented earlier were added in 2022.
Additionally, 3,181 seed samples and 756 economic products/ carpological samples provide representative/referral
collections as supplementary holdings. Twenty-five type specimens of 18 taxa (belonging to 7 genera and 5 families)
are represented. Digital images of herbariums (10,441) were added to the virtual digital database of NHCP at website
of NBPGR (http://www.nbpgr.ernet.in:8080/nhcp/) and available for reference and studies.
Taxonomic/Biosytematic studies: Studies on the germplasm assembled through various explorations have
advanced the knowledge of CWR and their relationship with cultivated species, helped in correcting misidentifications,
updating their nomenclature. This has resulted in 24 new plant discoveries and 10 new distribution records in the
country, besides 45 records on new distribution in various Indian states. Also, 10 new records of cultivation of
economically important species (e.g., Plukenetia corniculata, Inula racemosa, Allium fasciculatum) were made.
lllustrated guides for species identification in Vigna, Abelmoschus, Cucumis, Allium and Sesamum were prepared.
Ethnobotanical information compiled: Ethnobotanical observations and new uses of plants, especially those
collected from tribal-dominated tracts, are recorded and published.
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Analysis of gaps in the collection in a scientific
manner (keeping in view actual variability/ diversity
present in habitats, the conserved material, material
under regeneration, and best utilization of GIS tools)
and pinpointing the pattern of infraspecific diversity
through a mission-mode approach is on the way. So far,
gap analysis work has been completed for 21 crops and
the reports are available online (http://www.nbpgr.ernet.
in/Publications.aspx) gap areas identified through this
procedure are being explored/re-explored through Annual
Exploration Plans in a phased manner. Pradheep et al.
(2021) have identified gap areas for 292 high priority-
wild taxa (related to 85 crops) at the district level; of
them, more than 100 taxa are yet to be augmented from
natural habitats.

In situ Conservation of PGR

Locating and declaration of Citrus Gene Sanctuary in
Garo hills of Meghalaya was the first attempt of NBPGR
on documentation of diversity rich site for in-situ
conservation during 1980s (Singh, 1981). Subsequently,
there was a long gap on this activity, however, PPV&FRA
has recognized custodian farmers and awarded them by
Genome Saviour Awards. In last three years, the NBPGR
has identified high density population sites of wild rice
(Orzya rufipogon) in Assam, wild pigeonpea (Cajanus
cajanifolius) in Bailadila range of Chhattisgarh and for
guava in Uttarakhand.

The ICAR-NBPGR has located an ideal habitat
having good population of wild rice- Oryza rufipogon
between Borjuli Bagan and Misamari in Sonitpur
district of Assam, for its perpetuation and long-term
conservation in nature through protection under “The

Biological Diversity Act 2002” involving all stakeholders
like State Forest Department, Assam State Biodiversity
Board (SBB) and National Biodiversity Authority (NBA),
Biodiversity Management Committee, Village Panchayat/
local body. The Government of Assam has declared (on
7th May, 2022) it as “Biodiversity Heritage Site of wild
rice”. Probably this may be first initiative of the ICAR
on in-situ conservation of CWR through BHS.

During an on-farm survey in Pithoragarh district of
Uttarakhand, the natural stands of guava in forests and
farmer’s fields spreading along the East Ramganga River
valley between Muwani to Nachani was located during
2019. Occurrence of guava stands in forests, beyond
its cultivation areas in hills was unusual observation.
Elderly persons of area could not guess history of its
introduction in that area. Detailed survey conducted
in 2020 and 2021, revealed naturalised distribution in
large area in cultivated and abandoned fields, hill tops
and along river bank of Saryu and Kali river valleys,
surrounding about 50 villages at 780 m to 1350 m amsl.
A large variability in fruit shape, fruit size/fruit weight
(100-300g), fruit colour, pulp colour (pink/reddish and

Habitat of naturalised guava population in Pithoragarh district (Left) and fruit variability (Right)
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normal) and taste etc. was recorded. A large quantity of
fruits is transported by villagers to Pithoragarh, Lohaghat,
Champawat and local markets of surrounding areas
for sale. The possibility of its in-situ conservation and
diversity enhancement by introducing other species of
Psidium is being explored involving all the stakeholders.

Emerging Issues

In recent years, collection activities are being suffered
due to the following issues, which may be circumvented
at the earliest in the interest of this noble cause of
conservation for posterity.

@ Asfarmers are increasingly aware of the registration
scope of elite germplasm/unique landraces under
the PPVFRA regime, convincing and acquiring
germplasm is often a challenge. Also, in some states,
vigilant members of the State Biodiversity Boards
directing explorers to get permission from their end.
Also, the hassles imposed by the forest department
to survey and collect PGR from Protected Areas.

e Lack of trained human resources in this field calls
for an emphasis on developing skilled manpower
and the use of modern tools. Cases on re-demanding
the IC numbers to germplasm conserved in FGBs on
account of no records, are being received particularly
from young or incumbent scientists.

e Sometimes, ‘fancy’ names are assigned to the
landraces for gaining popularity, and marketability
(apart from different names for the same landrace and
vice versa). This necessitates thorough verification
through various sources which often consumes time.

e Visible sensitiveness of phenology of wild species
due to changes in climate, therefore, making it
difficult to strategize the collection activities.

e Losing importance of infraspecific classification
in crops (and non-recognizing of infraspecific
taxa by taxonomists) resulting in loss of valuable
information, which has a huge role in the collection,
categorization, characterization, and maintenance of
a larger number of samples.

e Lack ofinterest in multiplication of cross-pollinated
crops particularly in vegetables, large fruit with low
seeds is a deterrent in germplasm collection of such
crops, though criteria of OP vegetable crops have
been relaxed from 4000 to 1000 seeds for submitting
in NGB.
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Priorities and Thrust Areas

e Reducing the collection-to-conservation gaps
(Operational gap) through proper coordination, active
monitoring and reporting systems, and strengthening
the regeneration facilities at the multiplication site,
especially for cross-pollinated crops. It is strongly
advised to gather an adequate sample size in the
field itself, wherever possible.

e Studies on improving storage conditions (including
packing) of vegetative propagules and live plants
during transport are the need of the hour, as more
recalcitrant species, fruit crops and tree species are
on the priority list for collection.

e As the importance of collecting wild species
including CWR is gaining momentum, it is
imperative to develop illustrative field identification
keys using leaf, fruit and seed characters.

e Enhancing the effectiveness of collecting trait-
specific germplasm through the adoption of FIGS in
identifying sites for exploration, encouraging the use
of portable equipments/kits (TSS meter, PH meter,
lysimeter, chlorophyll fluorescence meter, NIR
food analyser, seed driers, etc.) and the thorough
knowledge of habitat/ecological/micro-climate
conditions, (pest) hotspot areas, and morphological
traits associated with the trait of interest.

e Augmenting representative diversity of relatively
less-attended crop groups such as M&AP, forages,
ornamentals and green manure, agro-forestry
species and also plants belonging to RET species,
nutraceutical and industrial value, after required
prioritization.

e Similar to the Botanical Survey of India involved
in the preparation of flora, development of the PGR
Inventory/ checklist for states and country, involving
inputs from all possible sources and stakeholders.
This would enable identifying meaningful gaps in
collections, changes in diversity distribution over
time, and aid during collecting. Also, the valuable
data lying in the form of field notebooks, reports
of collecting missions and collectors’ notes need to
be brought out to the benefit of the user.

e Need for a unified collection database involving
details of collections by all the stakeholders (ICAR
institutes, SAUs and other govt. organizations,
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including collections made under different
international centres); this only will ensure a better
understanding of the germplasm collections on hold,
besides meaningful gap analysis.

Other priorities include strengthening expertise in
techniques of in vitro germplasm collection (which has
the advantage of safe movement of germplasm), and
the use of species distribution models (like Maximum
Entropy, MaxEnt, BioClim, and EcoCrop) for possible
localities of populations of rare CWR and RET species. It
is also desired to undertake collaborative explorations in
foreign countries having primary and secondary centres
of diversity of priority crops, for which low diversity
exists in national genebanks.

Conclusion

In the current scenario, germplasm collection for
utilization is the prevailing trend, and breeders are
interested in a few but selected materials showing
desirable traits. Hence, it is required to adopt the recent
but feasible technologies to maximize the coverage
and efficiency of germplasm collection. Though time-
consuming, detailed documentation in the field itself
during collection is preferred for the fullest utilization of
germplasm, besides protecting them legally. Germplasm
collections should also need to address specific common
problems, which arise then and there (e.g., search for
immunity boosting plants/accessions during COVID).
Collection priorities need to be reassessed at regular
intervals; accordingly, the exploration plan shall be
formulated after meaningful gap analysis. A mature
decision needs to be taken between recollection and
regeneration of accessions with inadequate sample size;
and between germplasm collecting from farmers’ fields
or natural habitats or keeping it in situ/on-farm, keeping
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in view the pros and cons. Educating citizens through
PGR awareness campaign, and partnership approach
with grassroot level workers (like those in KVK, and
NGO) would help in acquiring desired germplasm in
remote and inaccessible areas.
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Identified as a critical component for food and nutritional security and environmental sustainability in the current
century, crop wild relatives (CWR) warrant species-level prioritization and meaningful germplasm conservation.
A rough-and-ready approach placing all other species of a crop genus as CWR 1is unacceptable, as it would lead
to the listing of many unrelated species, also conversely, in some crops, the search has gone beyond the crop
genera. Initially, based on overall closeness with the crop as well as their potential for use, a total of 861 Indian
CWR taxa (769 species) were prioritized for 171 ICAR-mandated crops falling under 14 crop groups. Further
prioritization was made on shortlisted taxa, based on the economic importance of crops per se, level of closeness
to crops (cytogenetically/morphologically/molecularly), possessing traits of breeders’ interest, or already under
wide-hybridization programme, and the extent of distribution/threat. This resulted in the identification of 292
taxa (257 species) belonging to 85 crops. These high-priority taxa were further analyzed for conservation gaps,
if any. Of 292 taxa, only 167 were conserved in the National Genebank. While 28 taxa were represented with
only one accession and 81 with <10 accessions, only 40 were with a fair number of accessions (>50); however,
they too lacked representative samples from across a geographical and ecological range. This communication
highlights the constraints involved in the process including insufficient information on threat status, gap areas
for future collection, and thrust areas.

Key Words: Gap analysis, Genebank, Germplasm collection, Threat status assessment, Wild species

Introduction

India is endowed with a rich diversity in crops and it
is one of the 12 centres of crop diversity in the world
(Zeven and de Wet, 1982). About 166 crop taxa have
originated and/or developed diversity in India (Arora,
1991). Indian Gene Centre has particularly contributed to
the origin and evolution of crops such as rice, sugarcane,
green gram, black gram, jute, mango, citrus, banana,
cucumber, snake gourd, yam, taro, turmeric, ginger,
cardamom, black pepper, jack fruit, etc. Recently, a
few more crops, Viz., horse gram, sesame, okra, and
muskmelon were added to this list. The rich occurrence
of close relatives of these native crops in this country
forms important evidence in this regard. In addition,
Indian agriculture has been consistently enriched by
the introduction of new crops since antiquity, and many
species are in the process of domestication. Nayar
etal. (2003) inventoried 480 crop species in this country.

As long as the breeders’ needs are incessant, the
available germplasm base in most crops is proven to be
insufficient, especially for the stress-related traits such as
tolerance to biotic pests (insects, nematodes, pathogens,
and weeds) and abiotic factors (salinity, drought, cold,
and heat). In this context, wild species related to crops,
which are surviving in harsh environmental conditions,
marginal lands, and field boundaries, would play a
crucial role in offering these much-needed traits. Also,
some wild relatives can contribute to yield and quality
traits as well. Often, they serve as rootstock to impart
resistance/tolerance to abiotic and biotic stresses, increase
crop productivity, and help to induce flowering. Though,
there has been a steady increase in the rate of release of
cultivars containing genes from CWR, most of the CWR
are not only in peril in natural habitats in the wake of
man-made disasters but are highly under-represented in
the ex situ genebanks.

# This work has been presented at the Second International Agrobiodiversity Congress held online in Nov. 2021, and largely excerpted from
the book entitled “Crop Wild Relatives in India: Prioritisation, Collection, and Conservation” authored by Pradheep et al. (2021), and

published by ICAR-NBPGR

*Author for Correspondence: Email-K.Pradheep@icar.gov.in
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According to Maxted et al. (2006), CWR can be
defined as “a wild plant taxon that has an indirect use
derived from its close genetic relationship to a crop”.
The closer the species is related to crops, the more the
possibility/practicality to get their traits incorporated.
Wild forms (i.e., wild but distinct morphotypes
belonging to the same taxon in which crop is grouped)
or wild populations (i.e., wild plants morphologically
indistinguishable from cultivated partners) of crops, wild
progenitors, and wild taxa closely related to crop plants,
all constitute CWR. Maxted et al. (2006) were of the
view that closer wild relatives could be found within
genepool GP |, (based on crossability) or Taxon Group
1 & 2 (based on infrageneric classification; genus-tribe-
section-series).

It is to be noted that the common approach of
considering all the species of the same crop genus
as CWR is not justifiable, especially for large genera
encompassing diverse kinds of plants (e.g., Crotalaria,
Dioscorea, Ficus, Ipomoea, Panicum) and in well-
researched crops (e.g., barley, wheat, maize, sugarcane);
here species of related genera often utilised). Therefore,
their prioritization is crucial for meaningful conservation.
From the crop improvement angle, the genepool concept
needs to be given priority, nevertheless, complete
information on crossability is hardly available for most
crops. The existence of natural hybrids and successful
experimental wide hybridizations indicates that they
are closely related. Different species (within the genus)
exhibiting the same chromosome number and homology
would be rather related. An integrated approach involving
morphology, cytogenetics, and molecular systematics,
supplemented with allied evidence (graft compatibility,
palynology, chemotaxonomy, micromorphology) would
help establish the level of relatedness of wild species
with the crop.

Earlier, on the basis of evidence from morphology,
cytology, crossability, and utility, Arora and Nayar (1984)
reported the occurrence of 326 wild relatives in India,
which needs a revisit due to a lot of dynamics in species
distribution, species concept, threat status, discovery
of new taxa since then, and the growing importance of
unattended crop-groups such as forages, ornamentals,
medicinal and aromatic plants. Latter works (Singh et
al., 2013; Pradheep et al., 2014; Singh, 2017), focused
more on the distribution and usefulness of the wild
species related to crops. The development of checklists
and inventories is vital in any national strategy for the
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conservation and use of plant diversity (Brehm et al.,
2008). Analysing the gap existing between available
CWR (in nature) Vis & vis how many and to how much
extent they are conserved (Seed /Cryo/In Vitro/Field
Genebank) would help in formulating future exploration
plans rationally, including revisiting. Keeping this in
view, the research questions set out to answer are as
follows:

e How many meaningful CWR occur in India?

e How many of them are conserved ex situ and to
what extent?

e What issues and constraints are associated with the
prioritization and conservation of CWR in India?

Materials and Methods

The information available on wild species related to
crops (Arora and Nayar, 1984; Pradheep et al., 2014;
Singh, 2017) and new literature (published till February
2021) formed the base for this work. Based on the overall
closeness of wild taxon with the [CAR-mandated crops
and their usefulness in crop breeding, initial prioritization
was made. Those prioritized taxa were further subjected
to criteria — economic importance of crops per se, level
of closeness to crops (cytogenetically/ morphologically/
molecularly), possessing traits of breeders’ interest, or
already under the wide-hybridization programme, and the
extent of distribution/threat. Wherever feasible, feedback
from crop experts was utilized in the prioritization
process. The scoring technique adopted for prioritization
of CWR taxa (Pradheep et al., 2016) was not followed in
this analysis as only incomplete information is available
on the criteria such as the extent of distribution/threat
(as comprehensive flora of India is yet to be published,
and only one-fifth of prioritized taxa were subjected
to threat status assessment), and level of closeness.
Therefore, only subjective assessments have been made
to pinpoint the high-priority CWR taxa. Gap areas for
future collection of high-priority taxa were identified as
per the steps mentioned in Fig. 1.

Results and Discussion

Initial prioritization of CWR resulted in a total of 861
CWR taxa (769 species) in 171 ICAR-mandated crops
(Table 1; for the entire list, see Pradheep et al., 2021),
which accounts for about 4% of flowering plants in India.
There are 150 crop taxa having wild/weedy forms or
populations occurring in India (Table 1), which means
these crops have either originated from here or developed
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Taxon distribution data from herbaria/ articles/ GBIF data/ monograph/ revisions/ conspectus/
synopsis/ flora [at district level]

Cleaning of data in the PGR Collection/ Conservation Database — spelling errors, orthography,
synonymy, current political boundaries

For wild form or populations of crops, collections with ‘wild’ biological status in the passport
data are taken

Comparing acquired germplasm with what is actually conserved in LTS/ FGB/ Cryo/ In vitro
facility at NBPGR - region/area/ecosystem-wise

Taken into consideration of recently collected germplasm under multiplication

Benchmark: CWR of principal crops, at least four conserved acc. from each district (<4,000
km2); for other well-known crops — one

Rationalisation w.r.t. district size, population abundance, endemicity, habitat/ ecosystem/altitudinal
diversity

Decision on fresh collection/recollection/fine-grid sampling

Fig. 1. Gap identification strategy for germplasm collection in high-priority CWR

Table 1. Summary of crop-group wise prioritized crops and their wild relatives for India

Initially Further Initially Further Initially Further
prioritized | prioritized | prioritized** | prioritized | prioritized | prioritized
5 3 46 58 50

1. Cereals 52 (2)

2. Millets 8 5 23 (1) 8 27 9
3. Pseudocereals 3 1 14 (1) 1 14 1
4. Grain legumes 10 9 51(4) 27 59 30
5. Oilseeds 5 4 13 (1) 10 14 10
6. Fibres 5 4 19 (3) 9 21 9
7. Forages 16 4 58 (14) 4 63 5
8. Fruits and nuts 36 14 130 (17) 55 148 65
9. Vegetables 26 21 87 (13) 46 102 54
10. Spices and condiments 12 7 58(8) 22 62 24
11. Ornamental plants 13 2 141 (59) 5 153 8
12. Medicinal & aromatic plants 20 7 74 (19) 8 85 11
13. Plantation crops 3 1 12 (0) 1 14 1
14. Others 9 3 37 (8) 15 41 15
Total 171 85 769 (150) 257 861 292

*One crop may involve more than one species **Figures in parenthesis are crop taxa having wild/weedy form(s) or wild populations occurring in India, which
are also included for counting as CWR. Source: Pradheep et al. (2021)

a secondary centre of diversity. Crop groups like fruits (141), followed by fruits and nuts (130), vegetables
and nuts, vegetables and medicinal and aromatic plants (87) and medicinal and aromatic plants (74), owing to
exhibited >20 priority crops, while a higher number of the involvement of higher numbers of crops as well as
meaningful CWR taxa were found in ornamental plants closely related taxa to these crops.

Indian J. Plant Genet. Resour. 35(3): 124-130 (2022)
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Further prioritization based on four criteria resulted
in the identification of 292 high-priority taxa (257
species) belonging to 85 crops (Table 1; for the list, see
Pradheep et al., 2021). Here, crop representatives from
groups such as forages, ornamental plants, and fruit and
nuts were kept minimum, keeping in view the meagre
attention currently given to utilizing wild species in the
improvement of crops under these groups. Nevertheless,
in forage grasses, a separate exercise was made, resulting
in prioritizing 44 wild taxa for 15 crops. In general,
biodiversity hotspot regions such as Western Ghats,
North Eastern India, Himalayas, Andaman & Nicobar
Islands tend to have a greater number of CWR.

Out of high-priority 292 taxa, only 167 are conserved
in the National Gene Bank (NGB) of ICAR-NBPGR
(including collections at Regional Stations), indicating
the need for augmenting other wild relatives, with correct
taxonomic identity (Fig. 2). Of yet-to-be collected 125
taxa, a minimum of 30 are endemic, niche-specific, rare
and threatened taxa, and some are highlighted in the Box
1. Further, collected species are largely underrepresented,
as almost half the conserved species are with <10
accessions on hold. While 28 taxa were represented
with only one accession and 15 with just two accessions,
only 40 were with a fair number of accessions (between
50 and 559) which includes species like Abelmoschus
tetraphyllus, Oryza nivara, O. rufipogon, Saccharum
spontaneum, Sesamum indicum subsp. malabaricum,
Solanum insanum, Trifolium repens, Vigna sublobata
and Withania somnifera. However, the latter taxa too
lacked representative samples from across a geographical
and ecological range. Similar is the scenario in the
world as well, and according to Castaneda-Alvarez et
al. (2016), over 70% of CWR species in the world need
collection and conservation in the genebank, and over
95% are insufficiently represented indicating the need
for systematic representation from the full geographic
and ecological range of species. In the Indian context,
huge collection gaps exist even in crucial crop groups
(e.g., cereals and pulses), in protected areas (PA) and in
fragile ecosystems such as coastal and cold-arid regions.

Some Observations on Various Crop-groups

A perusal of Fig. 2 indicates that even the easy-
to-conserve crop groups like cereals, legumes, and
vegetables, see huge gaps in species representation. For
example, out of 50 prioritised taxa for cereal crops, only
18 were represented. This difference arises mainly due
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Box 1. Some rare and endemic CWR yet-
to-be represented in NGB

Agropyron thomsonii

Allium farctum

Cajanus sericeus

Cajanus trinervius

Corchorus urticifolius

Elymus gangotrianus

Fagopyrum tataricum subsp. potaninii
Gossypium stocksii

Hordeum x lagunculciforme

10. Hordeum spontaneum

11. Macrotyloma uniflorum var. stenocarpum
12. Mangifera sylvatica

13. Medicago sativa notho subsp. varia

14. Musa acuminata subsp. manipurensis
15. Musa balbisiana var. sepa-athiya

16. Oryza malampuzhaensis

17. Solanum multiflorum

18. Sorghum propinquum

19. Trichosanthes cucumerina subsp. villosula
20. Vigna nepalensis
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to a vast number of wild Triticeae members (Aegilops,
Agropyron, Elymus, Eremopogon, Hordeum, Leymus)
occurring in the Western Himalayas, however, only a few
had so far been represented in NGB. When coming to the
total wild accessions collected (Fig. 3), vegetables and
cereals dominated the collections, as are easily bankable
through seeds. Fruits and nuts, ornamental plants, and
medicinal and aromatic plants are difficult-to-conserve
groups and often require maintenance in FGB. The
collection to conservation gap is particularly higher in
vegetatively propagated germplasm.

In rice, GP, and GP; species such as Oryza
meyeriana, O. officinalis, and O. coarctata need
thorough representation in NGB. In millets, barring
Setaria viridis (a progenitor of foxtail millet), there is a
need to assemble at least the primary genepool of crops,
though sizeable numbers of unidentified wild germplasm
do exist in Panicum and Pennisetum genera. There
is a need to systematically collect the secondary and
tertiary genepools of pigeonpea, apart from its endemic
progenitor, Cajanus cajanifolius. Only two collections
are on hold for the latter species, however, need to
have a meaningful collection of at least 25 accessions.
Sesamum prostratum, a coastal strand vegetation species,
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I Prioritized taxa ¥ Collected taxa

Fig. 2. A crop-group-wise comparison of highly-prioritised vs collected CWR taxa

Others, 442, 6%

Medicinal &
aromatic plants, 900, 12%

Cereals, 1283, 17% Millets, 87, 1%
Condiments, 112, 2%

Vegetables, 2301, 31% Oilseeds, 361, 5%

Fibres, 413, 6%

Forages, 332, 5%

Fruits and nuts, 512, 7%

Fig. 3. A break-up of crop-group-wise collected CWR accessions
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endemic to the East Coast of southern Andhra Pradesh
and northern Tamil Nadu and of Sri Lanka, needs fine
grid collecting. In fibre crops, >95% germplasm belongs
to wild relatives of jute. A relative of Levant cotton,
Gossypium stocksii was reported to grow in the Kachchh
and Dwarka areas of Gujarat, needing extensive herbaria
studies coupled with field surveys to locate and collect.

There exists a huge conservation gap in the case
of CWR of horticultural crops (barring vegetables and
spices) and forages, as in these cases, even systematic
collecting of crop germplasm per se needs to be
achieved. Often, crops of these groups rarely underwent
the domestication process, therefore cultivated forms
are hardly distinguishable from the wild ones and
are often destructively harvested in the wild (esp.
medicinal plants and orchids). In fruit crops, thanks to
the systematic explorations undertaken for augmenting
Citrus genepool, at the same time, nearly 25 Musa taxa
are yet to find a place in NGB. In the case of brinjal
genepool, confusion in taxonomic identity of otherwise
distinct taxa — Solanum violaceum (with S. anguivi), S.
lasiocarpum (with S. ferox), S. insanum (with S. incanum),
is often reflected in the collections, besides reports on
germplasm utilisation. Systematic studies at Bureau in
the crop genera — Momordica, Abelmoschus, Cucumis,
Trichosanthes, Allium, Luffa and leafy amaranths had
advanced the knowledge of CWR and their relationship
with cultivated species.

Important Target Areas for CWR Collection

Taxa-wise collection gaps (292 taxa) were worked out
at the district level, and a total of 75 exploration trips
were suggested across the country for the next five years
(Pradheep et al., 2021). This includes fragile ecosystems
such as the cold-arid Himalayas, coastal areas, A&N
islands, and Thar deserts, besides some diversity-rich gap
areas (see Box 2). Based on geographical significance/
uniqueness and richness of wild relatives, 15 PA were
also identified for exploration and collection. Apart
from representative samples, focused collection through
fine-grid sampling shall be undertaken from hotspot
areas (for biotic stress tolerance); cold arid Himalayas
(cold), Thar desert (heat and drought), and coastal areas
(salinity). Keeping in view the nature of wild species
(habit/ versatility) and the remoteness of collection
locality, the choice shall be made between revisit or
seed regeneration in case of germplasm with insufficient
seeds aimed for NGB conservation.
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Box 2. Some CWR diversity-rich gap areas

e Coastal tracts, esp. East Coast, Gujarat coast
e Himalaya and NEH Region

o A&N, especially unexplored islands

o Western Ghats, esp. central & northern tracts

e Eastern Ghats, especially of Odisha,
Karnataka and Tamil Nadu

e Desert areas, esp. Thar desert

e Semi-arid areas (northern and central

Karnataka, adjoining Deccan Plateau, semi-
arid Tamil Nadu)

e Bundelkhand region

e Duars & terai belt

o Bastar-Vizag-Malkangiri-Koraput-ranges
¢ Vindhya-Satpura Ranges in central India
¢ Chotanagpur belt of Jharkhand

Important Issues and Thrust Areas

e Shortage of trained manpower in basic disciplines
such as taxonomy and cytogenetics resulting
in taxonomic misidentification, and paucity of
chromosomal data and crossability, respectively.
Taxonomic studies/revisions and the development
of illustrated keys for field identification of various
wild species are worth-considering.

e Incomplete knowledge of the level of closeness of
CWR, their distribution, threat status and usefulness.
Crossability studies would aid in the realization of
the genepool concept in crops, helpful in knowing
the closest relatives. IUCN Red List has data of
just 19.5% of prioritized taxa, therefore threat status
assessment needs to be geared up for remaining
wild species.

e Wild forms of crops need a clear entry in passport
data (either in the ‘biological status’ field of passport
data or distinguished as different infraspecific taxon).
New information emanated from the studies needs
to be incorporated then and there, particularly the
taxonomic identity corrections including new species
if any described from using existing germplasm
holdings.

e Often, notall the collected/studied germplasm go for
long-term conservation due to multifarious reasons.
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Pradheep etal. (2015) identified bottlenecks leading
to low seed turnout during CWR collecting and
suggested means to minimise the same. Rigorous
monitoring/interaction between the stakeholders
during seed regeneration/ initial field establishment
(in the case of vegetative propagules) would be
helpful in its realisation.

Other areas which need strengthening include
knowledge of the population structure of wild species,
studies on conservation/storage behaviour, protocol
standardization for in vitro (RET spp.) and pollen
cryopreservation (helpful in wide hybridization). Getting
blanket permission for PA entry and effective use of GIS
tools would aid in representative sampling across diverse
habitats. The development of an integrated database of
germplasm holdings inclusive of the SAUs and allied
stakeholders would aid in comprehensive gap analysis.

Conclusion

In the context of the requirement of novel genes for
crop improvement, sophisticated biotechnological tools
amenable to transfer useful traits to crops, increasing
anthropogenic pressure and negative impact of climate
change on wild species, and meagre ex situ germplasm
collections, any effort to inventorize, prioritize, collect
and conserve CWR is of paramount significance in
agricultural research works. This paper identifies 861
priority taxa (769 spp.) of CWR value for 171 Indian
crops and further narrowed 292 high-priority taxa for 85
important crops. About 43% of high-priority taxa were
yet to be represented while 15% were represented by
1-2 acc., and 28% with <10 acc. in genebank indicating
the lack of adequate representative collections in most
of the taxa. Huge collection gaps were identified even in
cereals and pulses, in PA and in fragile ecosystems, and
accordingly, exploration trips were proposed. Working
on the thrust areas identified herewith would be of help
in the proper management of CWR germplasm in the
country.
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A sound understanding of the principles and practices of plant taxonomy is essential for plant genetic resources
(PGR) conservation. Identification of new crop wild relatives (CWR) taxa, designating appropriate taxon status
for discontinuous variants representing a geographical area, developing descriptors for new crops, and recruiting
wild economic plants and semi-domesticates into cultivation, all require a good taxonomic base. The taxonomy of
cultivated plants is essentially governed by a different set of guidelines under International Code of Nomenclature
for Cultivated Plants (ICNCP). Biosystematic analysis helps to elucidate the genepool relationship of wild relatives
with the crop, thereby promoting its utilization in crop improvement.

Key Words: Crop wild relatives, Genepool, Germplasm, ICNCP, Plant identification

Introduction

Plant taxonomy is the practice and science of
identification, naming and classification based on well-
laid-out principles. Correct botanical identity of a taxon
is a prelude to its utilisation in research programmes as
the wrong taxonomic identity of a plant specimen may
lead to spurious results and utter confusion. With the
current emphasis to include more and more wild economic
plants into the domain of agriculture and forestry, correct
botanical identity becomes more important for research
information pertaining to the taxon, and their efficient
utilisation. The Indian subcontinent with four mega
biodiversity hotspots (https://www.cepf.net) has 861
taxa of crop wild relatives recorded at present (Pradheep
et. al., 2021). Ensuring the correct botanical identity of the
specimen and ensuring universality in the nomenclature
of newly collected material is important in the utilisation
of this treasure for agricultural improvement. The wrong
botanical identity of genebank samples could have far-
reaching consequences as the ‘original error’ is repeated
at many levels by varied users over a long period of
time. In order to avoid such problems and in the light
of the rapidly decreasing number of expert taxonomists,
and in the present era of access to digital records of
historic herbarium specimens and literature, a germplasm
collector needs to develop plant identification skills and
have an understanding of nomenclatural rules, to ensure
accuracy of passport data and other initial records.

Taxonomic issues for a plant genetics resource

*Author for Correspondence: Email-josekattukunnel@gmail.com
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(PGR) worker with agricultural science background are
many. The foremost is designating unique morphological
variants of CWR taxa into appropriate taxonomic entities
and determining their taxonomic status as distinct species
or infraspecific taxa. Ignoring discontinuous variants is
dangerous in genebank conservation as precious variants
may get unrepresented in core collections as a result
of generalisation. Frequent nomenclatural changes on
the basis of molecular study and phylogenetic analysis
are another taxonomic issue daunting the non-classical
taxonomists dealing with CWR taxa. Many are not
aware of these nomenclatural changes in economically
important species (e.g., tomato, pearl millet, Chinese
potato, etc.). More important, the substantiating evidence
for merging taxa, needs to be thoroughly checked by the
PGR scientist (discussed below), especially in the case
of genera with very high species diversity, rare species
which are poorly represented in herbaria, taxa with
minute floral parts (e.g., Poaceae), species complexes
(e.g., Oryza rufipogon- nivara- f. spontanea), cryptic
species and the like.

Understanding patterns of variation in crop plants
and PGR, in general, was dependent on the collection
and study of cultivated plants superimposed by that of
wild and weedy forms (de Candolle, 1883), domestication
traits, and use of wild taxa and progenitors leading to
defining centres of diversity of crop taxa (Vavilov, 1922);
thus, a nearly 150-year long knowledge of PGR diversity
in relation to geography forms the basis of collection and
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exchange of germplasm, its use in breeding programmes
and bringing into cultivation a wide range of locally
used taxa in 12 mega-centres of agro- diversity all over
the world (Zeven and Zhukovsky, 1975). Phylogenetic
study and biogeographic analysis based strongly on
newer evidence provide further clues to understanding
the cultivation and domestication processes over space
and time. Genepools of crop plants as defined by Harlan
and de Wet (1971), though having an experimental basis
related to a relative degree of crossability among crop
and wild species of seed-producing predominantly annual
crops, provided a concept that used morphological,
cytological, phytochemical and molecular evidences to
determine the wild relatives belonging to a wide range
of crop genepools.

Vavilov’s Law of Homologous Series (Vavilov,
1922), determined regularities in the expression in
respect of the morphological and physiological characters,
which distinguish varieties and races (Nanjundiah et al.,
2022) as well as parallel variations seen in species of
the same genus; he demonstrated its predictive value
for variation across related genera, viz., wheat, barley
and rye, a trend observed later in the systematic study
of other taxa, viz., Phaseolus and Vigna (Smartt, 1990).

Precise taxonomic data helps to estimate the
ecogeographic representativeness of crop genepool
captured in a genebank (Dempewolfet al., 2014), thereby
helpful in devising future collection strategies, as CWR
are, in general, under-represented in genebanks across
the globe (Castafieda-Alvarez et al., 2016). Updated
taxonomic knowledge helps in the prioritization of taxa,
sorting out spelling errors, orthography, mismatches
in common vs scientific names, synonymy, wrong
identity, misapplied names in passport data and
collection, and conservation databases, including the
PGR portal. Taxonomy has a clear role in preparing
species inventories, red lists, identification of protected
areas, gene sanctuaries, and biodiversity heritage sites.
At the same time, taxonomic data is critical as well, for
example, [UCN Red List or CITES has earlier named
a species under their list, but because of synonymy, if
this species has been merged with the related species,
funding (if any) to protect its population would be in
question.

Taxonomy and PGR Management

A sound understanding of plant taxonomic principles is
essential in PGR management, right from exploration and

Indian J. Plant Genet. Resour. 35(3): 131-135 (2022)

K Joseph John et al.

collection of germplasm to conservation/documentation.
Plant identification in their natural habitats needs good
observation skills, field knowledge, and regular practice.
Explorers perceive a wide range of taxa while on survey
and collection. They need to distinguish, on the spot,
target species from umpteen number of other species at
the collection site. In this regard, key or spot characters
in combination with habitat information available in
past collection records (viz. in floras, monographs and
treatises) are an aid to the collector. For example, if an
explorer intended to collect germplasm of wild species of
Trichosanthes, he could look for medium-sized climbers
with fringed white flowers and red cricket ball-sized
fruits, which are very unique and discernible traits even
at a distance, and sitting in a fast-moving vehicle.

Expertise in field identification, even in the absence
of flowers or fruiting specimens, rather based on available
plant parts is often required for CWR collection as in
many cases, by the time the seed matures, flowering
might have stopped or the plant may have started to wilt
and dry. The study of herbarium specimens and spirit
collections/ carpological specimens are essential for the
plant exploration of a specific CWR group. Publication of
handy field aids like seed atlas, fruit atlas, and illustrated
field guides with keys will be useful for CWR explorers
(Pandey et. al., 2011). Habitat information including
associated species is very important, especially when
collecting niche-specific taxa/wild species necessitating
the need for the taxonomic expertise of a collector.

Recircumscription of taxa as a result of revisionary
and systematic studies is a common feature in taxonomy.
PGR scientist has to make a decision based on their
taxonomic knowledge and as Charles Darwin rightly
suggests that “in determining whether a form should be
ranked as a species or variety, the opinion of naturalists
having sound judgement and wide experience seems the
only guide to follow”.

Morphological variations are the basis of taxonomic
classification. In fact, characterization is essentially
describing an accession based on a set of morphological
characters called descriptors and descriptor states. The
development of descriptors for crop species needs a
sound understanding of morphology, which is essentially
a taxonomic element. A sound understanding and
application of taxonomic /morphological knowledge
will help to take out unique variants and non-matching
entities during the process of characterization.
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Field-level practices like identification and removal infraspecific level is available, documentation systems
of weedy or off-type plants/rogues, mechanical should be in a position to accommodate the same.
admixtures, rootstock vs scions, and pollinizers, all Similarly, it is always a good practice to include author
require taxonomic knowledge. Undesirable genetic citation as a part of documentation systems including

contamination due to crossability with progenitors/ journals/ reports as there are cases with the same name
close CWRs (especially transgenic crops) can be proposed by different authors. There needs a mechanism

conveniently sorted out using taxonomic expertise. to swiftly correct the taxonomic identity of germplasm
Traditional taxonomy is still the forerunner, though if later proved to be misidentified or there is a need to
the latest developments in molecular techniques (such redesignate with the new taxon name (in the case kept
as DNA barcoding and molecular systematics) provide under a ‘broad’ species name). Correct spelling (including
substantiating and supporting evidence, and incases such  avoiding orthographic errors, and correct terminal ending
as introgression, disjunct variants within a taxon help of epithet) is a must for database entry (for that IPNI
to resolve confusion as well as determine the probable offers the best), otherwise, more than one entry will be
evolutionary trend. Selecting in situ conservation sites, there for the same species. Knowledge of synonyms
demarcating genetic reserves within protected sites,  and adequate awareness of changes in nomenclature
and environmental impact analysis, all require adequate is a must for the proper documentation of germplasm
knowledge of the region’s flora. collections. Guzzon and Ardenghi (2018) suggested a
Taxonomic knowledge on invasive and quarantine taxonomic and nomenclatural peer-review process to
weeds in terms of their accurate identification is a must ensure taxonomic authenticity before making each new
to enable the blacklisting of species for entry to the accession accessible to different stakeholders.
country. Adequate awareness is essential of the changes ICAR-NBPGR has been instrumental in pursuing
in nomenclature, and familiarity with common synonyms taxonomic work on CWR taxa for the past four decades

used worldwide for a particular species. Here, the which led to 24 new plant discoveries and 10 new
updated seed atlas of weeds of quarantine significance distribution records in the country, besides numerous
and mimicry weeds is helpful. records on new distribution in various Indian states (Box

Updated and precise taxonomic identification and 1; Table 1). The enormous number of diverse species
labelling of accessions form the foundation for various represented in two major facilities at the Bureau, viz.,
genebank management activities such as organizing National Genebank (2,000 species; 0.5 million germplasm
germplasm collections and retrieving the accessions. accessions) and National Herbarium of Cultivated Plants

Taxonomic units such as genus, and species, are part of (4,300 species; 25,000 herbarium specimens) further
the documentation systems of genebanks and information signifies the role of taxonomists in PGR management
retrieval. Wherever taxonomic information up to the works.

Table 1. First report by NBPGR of PGR taxa in India based on their natural occurrence

S.No. | Taxon Remarks

1. Corchorus pseudo-olitorius Islam & Zaid Described from Pakistan; now from Delhi and Tamil Nadu; a CWR of jute

2. Cucumis muriculatus Chakrav. Described from Myanmar, now reported from Mizoram; a CWR of cucumber

3. Dioscorea piscatorum Prain & Burkill Lesser Sunda Islands native species was reported from Nicobar; wild edible
tuber used by Nicobaris

4. Fagopyrum gracilipes (Hemsl.) Dammer ex Diels Chinese native species reported from Arunachal Pradesh; weed in buckwheat
fields

5. Momordica subangulata Blume subsp. subangulata Indo-Chinese taxon was located in Arunachal Pradesh and Nagaland; a CWR
of teasel gourd

6. Rubus praecox Bertol. European species reported from Jammu & Kashmir; a minor fruit related to
blackberry

7. Trichosanthes dunniana H.Lév. Indo-Chinese species documented from Manipur, Mizoram, Nagaland

8. Trichosanthes tricuspidata Lour. Indo-Chinese species reported from A&N islands; T. bracteata was earlier
misidentified in Indian literature

9. Trichosanthes wallichiana subsp. subrosea (CY Cheng & Indo-Chinese taxon reported from NE India. New nomenclatural

CH Yueh) K Pradheep & KJ John combination made
10. Ziziphus subquinquenervia Migq. Indonesian species was reported from Great Nicobar; minor fruit
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Box 1. New Taxa Described by NBPGR

1. Abelmoschus angulosus & Armn. var

mahendragiriensis RC Misra

Wight

2. Abelmoschus enbeepeegearensis K.J. John, Scariah,
Nissar, KV Bhat & SRYadav

3. Abelmoschus palianus Sutar, KV Bhat & SR Yadav

4.  Abelmoschus pungens var. mizoramensis KJ John,
Krishnaraj & K Pradheep

. Allium negianum A.Pandey et al.
6. Begonia bachulkarii Aitawade, Kattuk & SR Yadav

Cucumis melo subsp. melo var. alwarensis A Pandey &
S Rajkumar

8. Curcuma amada var. glabra Velay, Unnikr, Asha &
Maya

9. Curcuma karnatakensis Amalraj, Velay & Mural

10. Curcuma kshonapatra Velay

11. Curcuma kudagensis Velay, VS Pillai & Amalraj

12. Curcuma longa var. vanaharidra Velay, Pandrav, JK
George & Varap

13. Curcuma malabarica Velay, Amalraj & Mural

14. Curcuma nilamburensis Velay, Mural, Amalraj, PL
Gautam & S Mandal

15. Curcuma thalakaveriensis Velay, Amalraj & Mural

16. Curcuma vellanikkarensis Velay, Mural, Amalraj, PL
Gautam & S Mandal

17. Herpetospermum operculatum K Pradheep, A Pandey,
KC Bhatt & ER Nayar

18. Momordica cochinchinensis (Lour.) Spreng. subsp.
andamanensis Kattu, Roy & Krishnaraj

19. Momordica sahyadrica KJ John & VT Antony

20. Momordica sahyadrica subsp. anamalayana KJ John,
K Pradheep & Krishnaraj

21. Piper pseudonigrum Velay & Amalraj

22. Trichosanthes dunniana H Lév. subsp. clarkei K
Pradheep

23. Vigna konkanensis Latha, KV Bhat, IS Bisht, Scariah,
K1J John & Krishnaraj

24. Vigna sahyadriana Aitawade, KV Bhat & SR Yadav

Cultivated Plant Taxonomy

Taxonomy and nomenclature of cultivated plants
especially within the crop taxon is an entirely different
proposition from that of wild plants. While up to species
level cultivated plant nomenclature is governed by ICN
guidelines like any other plants, designating infraspecific
categories like ‘cultivars’ man-made hybrids, chimaeras
etc. are governed by an entirely different set of rules
under the ICNCP. With private sector breeding
initiatives progressing at a faster pace, many new
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cultivars/varieties in perennial horticultural plants and
vegetatively propagated crops like tuber crops, banana,
potato, sugarcane, fruit trees and ornamentals are bound
to be developed and along with that IPR related legal
issues, which demand proper naming of new cultivars.
Capacity Building

A strong plant taxonomic base was felt and stressed by
expert committees like RAC & QRT of ICAR-NBPGR.
Considering these suggestions, recently ICAR-NBPGR
has signed an MoU with Botanical Survey of India (BSI)
for fostering mutual cooperation in various aspects of
plant taxonomic research related to PGR. Further, in
order to enhance the taxonomic knowledge base of
PGR scientists, especially plant identification skills, the
ICAR-NBPGR conducted a one-week online training
programme on Plant Taxonomy for the benefit of entry-
level scientists of the national agricultural system.

Suggestions for Furthering Taxonomic Studies
in PGR

1. Anattachment training on taxonomy and morphology
for all newly recruited PGR workers commissioned
to work in the PGR discipline. About three months
of attachment in premier institutes/labs (such as BSI,
CSIR-NBRI, FRI, Shivaji University, Kolhapur,
and other centres of excellence in plant taxonomy)
is desirable. A collaborative programme between
scientific societies such as ISPGR and the Indian
Association of Angiosperm Taxonomy (IAAT) may
be resorted to bridge the knowledge gap in applied
taxonomy.

2. Currently working PGR scientists need hands-
on taxonomy training (2-3 weeks) at regular
intervals (in 5 years) in key deficit areas such as
plant identification skills including short-cut keys
for discerning different families and genera, spot
characters for identification of CWR taxa in the
field, botanical nomenclature, and cultivated plant
taxonomy. International taxonomy training needs
to be encouraged for a few senior-level scientists
of the bureau. NBPGR authorities need to groom
strong expertise in the taxonomy of CWR/cultivated
plants and their infraspecific classification, and an
MoU with appropriate institutes (such as CSIR-
NBRI, IPK-Gatersleben) may be contemplated. A
designated taxonomist at the national level positioned
at NHCP-NBPGR/PPVFRA is a dire need to address
taxonomic issues in cultivated plants as well as
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promote research in this comparatively neglected
branch.

3. In collaboration with the expert institutes, it is dire
need of the hour to bring out authentic checklists,
interactive keys and illustrated plant identification
guides (with the inclusion of fruit, seed, and
vegetative characters) for different plant/ crop groups/
economically important genera to faster realization
of correctly-identified wild germplasm for using
in PGR and crop improvement works. It includes
redesignating existing germplasm collections with
correct taxonomic identity and accepted names.
Also, focus on identification using seeds, seedlings
and vegetative characters for use in genebank
management may be given attention.

4. Revamping PG syllabus for PGR course, especiallly
incorporating more credit hours for enhancing plant
identification skills as a sizeable percentage of fresh
ARS recruits for the discipline of Economic Botany
and PGR are from agricultural science background.

5. Undertaking comparatively basic taxonomic studies
(especially systematic studies for delineating CWR
taxa) in unattended crop groups such as medicinal
and aromatic plants, ornamentals and forages, after
adequate prioritization as part of dissertation work
of M.Sc. (PGR). Voucher herbarium specimen of
experimental study material needs to be safeguarded
to ascertain their taxonomic identity in future.

6. Digital databases, viz., World Checklist of Vascular
Plants (WCVP), Plants of the World Online
(POWO) and Global Biodiversity Information
Network (GBIF) are currently being used as a
‘ready reckoner’ for accepted plant names. There
is a need to recognise that these, in contrast to a
data collator such as International Plant Names
Index (IPNI), are compilations of historical data
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on plant nomenclature, and as such should be used
as a source of information, rather than authentic
and verified taxon names. PGR workers should be
trained to make use of these sources to check the
latest nomenclature.
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Geographical information system (GIS) tools have enormous applications in management of plant genetic reources
(PGR). GIS in conjunction with passport/herbarium/gene bank databases serves in geo-referencing, diversity
distribution mspping and and predicting suitable sites for future collection of crop species and threatened taxa.
They have been used in ecogeographic surveys for locating diversity, planning field exploration and collecting
of PGR. They are also useful for identification of PGR conservation areas and individual species, species-rich
areas and vegetation types that are not represented or under represented under conservation programs. In terms
of biosecurity, GIS applications can be effectively used in locating hotspots, spread of pests and pathogens,
develop early warning systems, build risk assessment models, assist in site specific protection measures etc. These
technologies and applications developed in response to a wide range of needs are nowadays an indispensable

tool in the management of PGR.

Introduction

Plant genetic resources (PGR) are most important for
the continued existence and interests of humanity. A
vast number of domesticated plant species are crucial
to global food security, while other species are of great
importance for purposes such as wood and bio-fuel
production. In addition to the cultivated species, many
wild plants still play an important role in meeting local
needs for food, fuel, medicine and construction materials;
crop wild relatives are also of special interest for crop
breeding programmes. There are currently hundreds of
underutilized plant species and varieties displaying traits
of interest to meet present and future needs, while the
value of many other plant species is yet to be discovered.
Amongst the plethora of new age tools available for PGR
management, geographical information system (GIS) is
of immense importance for the improved understanding
and monitoring of germplasm.

A GIS integrates hardware, software, and data
for capturing, managing, analyzing, and displaying all
forms of geographically referenced information. GIS
allows one to view, understand, question, interpret, and
visualize data in many ways that reveal relationships,
patterns, and trends in the form of maps, globes, reports,
and charts (www.esri.com). Thus, GIS is a database
management system that can simultaneously handle data
representing spatial objects and their attribute data. GIS
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can be effectively used in PGR management particularly
in a) inventorisation/ mapping, b) collecting strategies,
c) conservation strategies, d) characterization and
evaluation, ) crop expansion strategies, f) documentation
and g) plant quarantine.

Inventorisation/Mapping Strategies

Inventorisation/ Mapping Strategies Priority Action 1
of Global Plan of Action (GPA) calls for increased
surveying and inventorying of plant genetic resources
for food and agriculture. Datasets of PGR with attributes,
identity and geo-reference data of relevant point locations
are prerequisites for GIS mapping. Some of the GIS
Software used for mapping are Arc-GIS, FloraMap,
DIVA-GIS, Quantum GIS, GARP, ECOSIM, Degree,
Climex, MaxEnt, HyperNiche, SAM, SPADE, gvSIG,
Geo Da, ECOGEO, GEOQUAL etc.

GIS mapping has been successfully used in assessing
biodiversity and in identifying areas of high diversity in
Phaseolus bean (Jones et al., 1997); coconut (Bourdeix
etal., 2005); wild potatoes (Hijmans and Spooner 2001);
wild arachis (Jarvis et al., 2003); horsegram (Sunil et
al.,2008); Jatropha curcas (Sunil et al., 2009); linseed
(Sivaraj et al., 2009; 2012); sesame (Spandana et al.,
2012), blackgram (Babu Abrahametal., 2010); rapeseed-
mustard (Semwal et al.,2012); piper (Parthasarathy et
al., 2008); Canavalia fatty acids (Sivaraj et al., 2010);
medicinal plants (Varaprasad et al., 2007); Spondias
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(Miller et al., 2006), common bean (Sheikh Sultan et
al.,2014) and agrobiodiversity in general for South East
coastal India (Varaprasad et al., 2008).

Collecting Strategies

Germplasm exploration and collecting are planned
generally based on available databases of passport
information. Passport information includes an identity
to the collection, specific location of collection, details
of habit/ habitat and other reference data. GIS can
be effectively used in preparing distribution maps of
species, probable location of the collection sites, gap
analysis, analyzing diversity rich pockets etc. GIS can
be used to link the passport database with district and
state map layers to analyse what has been explored and
collected and from where, and what are the gaps in
germplasm collection (Fig.1). GIS and other specialized
computer program (e.g. FloraMap) along with associated
data can be used to map the predicted distribution of
plant species or areas of possible climatic adaptation
of organisms in the wild (Jones et al., 2002). Also,
GIS can play an important role in the management of
large and complex PGR datasets (Guarino et al., 2001).
Guarino (1995) discusses the use of GIS to develop
strategies for collecting germplasm. For example,
collecting regions can be mapped to identify areas with
desired ecogeographic attributes such as acid soils or
climate extremes (Hart et al., 1996). Thus, to plan future
exploration programs which are trait specific/region
specific GIS can be used effectively (Jones et al., 1997;
Greene et al., 1999). Remote sensing satellite temporal
data (time interval) in digital form can be used in impact
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assessment (by overlaying of different geospatial layers)
studies, temporal changes to pinpoint status of collected
threatened taxa diversity to find gaps and predict new
areas for collecting.

Mapping the spatial distribution of target species
along with the prevailing knowledge systems of
communities can be effectively carried out using GIS.
Traditionally tribal communities and farmers have been
the custodians of PGR and developed huge knowledge
systems over years. Indigenous traditional knowledge
(ITK) associated with PGR, their time of cultivation,
system of cultivation, its relation to the environment form
a vital part of the tribal communities. Such knowledge
systems which co-evolved with the nature provide the
food and nutritional security of the tribal communities.
Documentation followed by validation of PGr related
ITK would make available such secure sources of ethnic
systems to be harnessed for benefit of all.

Conservation Strategies

Complementary conservation strategies include the
protection of wild species, plant populations and
traditional crop varieties where they have evolved (in
situ conservation), with the collection and preservation
of inter- and intraspecific diversity in gene banks and
botanical gardens (ex Situ conservation). EX Situ genetic
resource collections maintain germplasm in the form of
seed or live plants, representing current, obsolete and
primitive crop varieties, wild and weedy relatives of
crop species, and wild species collected or augmented
from around the world. GIS can be effectively used for
genetic resources conservation in (i) identifying gaps for
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Fig. 1. Collection sites of Phalsa, an underutilized fruit crop from Telangana State, India
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conservation in both ex-situ and in-situ and (ii) design
and management of on-farm in-situ conservation sites.
Further GIS, climate change models and geographical
distribution data of crop plants and their wild relatives
may be used to predict the impact of a changing climate
on PGR, conservation and use. Geographical prediction
of threatened plant distribution is important to genetic
resource conservation planning and regional management
decisions. Geospatial technologies are useful in
predicting the spatial distribution of crop landraces
and other target threatened species. It assesses multiple
interdependent abiotic factors, e.g., solar radiation, air
temperature, precipitation, and soil properties affecting
plant distribution, models the environmental niches
of target plants and refines their distribution maps for
conservation planning.

PGR Characterization and Evaluation

Precise characterization and evaluation of PGR are a
pre-requisite for their utilization. Germplasm utilization
requires accurate characterization, evaluation and
documentation of the material. PGR characterization
and evaluation adds value to the germplasm and
thereby, facilitates its utilization (Gautam, 2004).
Largely germplasm evaluation involves the whole
range of activities including germplasm multiplication,
characterization, preliminary and detailed evaluation,
regeneration, maintenance and documentation (Gautam,
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2004). In all these activities GIS can play a crucial
role by way of managing large data sets, identifying
suitable locations for multiplication and evaluation of
germplasm. In addition, identifying suitable locations
for evaluating crops introduced from other countries
could be done using GIS. Morphological descriptors/
genetic variations may be linked with environmental
attributes using GIS for selecting potentially useful
germplasm accessions (Pederson et al., 1996). Data
on physiological, morphological or genetic descriptors
can be added to a punt map to investigate the spatial
distribution of diversity (Guarino, 1995)

Crop Expansion Strategies

GIS can play a crucial role by way of managing large
data sets, identifying suitable locations for multiplication
and evaluation of germplasm introduced from other
countries. Morphological descriptors/genetic variations
may be linked with environmental attributes using GIS
for selecting potentially useful germplasm accessions
for crop expansion (Pederson et al., 1996). Ecological
niche modelling studies on horticultural crops (Ceylon
spinach, sorrel, roselle) using GIS had been worked
out by Reddy et al. (2015a, b, ¢). Exotic germplasm of
several agri-horticulutral crops (tef, kiwi, olive, dragon
fruit etc.) can be introduced into suitable agro-climatic
regions of our country after assessment using GIS

(Fig. 2)

Fig. 2. Ecological niche model of climate suitable regions for dragon fruit cultivation in India (Future climate)

Indian J. Plant Genet. Resour. 35(3):136-140 (2022)
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PGR Documentation

Stephanie L Greene and Thomas Hart state that “Genetic
resource databases could potentially serve as an
information resource to a broader scientific community,
providing relatively independent global data sets to meet
the unique needs of environmental modelers. Multi-
disciplinary collaboration would ensure the evolution of
a set of databases useful to a broad range of professions”
(http://www.ars-grin.gov.) Genetic resource databases
available with ICAR-NBPGR, ICAR-IIHR, and other
agri-horticultural crop-based institutes in India could
potentially serve as an information bank to the PGR
researchers, providing the large PGR datasets to meet
the requirements of breeders, environmental specialists.
The information from these datasets can be used to
generate and validate agro-ecological models developed
and to predict the agronomical potential of germplasm
accessions of agri-horticultural crops. Based on the
existing records indicating the historic availability of the
various crops and their wild relatives, the distribution and
use of crop species including adoption of new cultivars or
new crop species could be assessed. Passport information
of the germplasm accessions including the presence
of associated species can be useful in preparation of
predicted distribution maps of wild or cultivated species.

Plant Quarantine Strategies

GIS has been applied for pest monitoring and detection
through data visualization and query, survey data
collection, management, and risk pathway analysis.
It can also help to determine areas that have highest
risk for a pest introduction. Prediction models can be
generated for detection in case of invasive alien species
and to quantify area change in their spread. The use GIS
in PQ is important as it provides economic benefit, is a
proactive approach in safeguarding agriculture, helps in
quality control assistance and decision support system.
Recent examples include (i) Adult grasshopper hazard
analysis (in USA) to identify patterns in grasshopper
survey that may predict future population increases,
as related to environmental conditions (i.e., climate,
soil, vegetation) (ii) to identify areas most likely to
have Asian gypsy moth and to improve and/or validate
existing AGM trapping locations trapping (in USA)
(iii) Sugarcane woolly aphid spread in southern India
and (iv) papping of pest distribution data (from pest
interceptions of import quarantine)
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e GIS can be used in gap analysis, planning and
execution of future exploration programs at national
level for effective conservation and utilisation of
threatened PGR.

e PGR passport data information, satellite data spectral
signature and climate analogue tools could be used
in diversity distribution mapping and prediction of
diversity rich areas.

Future Thrusts

e GIS coupled with hyperspectral remote sensing
can be used in distinguishing and identification of
threatened PGR for effective conservation measures.

e High spatial resolution (60 cm) satellite data can be
used in mapping of disease symptoms in threatened
species at fine grid level.

e Ecological niche models/species distribution models
for all the crop landraces and other plant genetic
resources to be constructed for effective conservation
in the changed climatic regime.
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Role of Plant Quarantine in Preventing Entry of Exotic Pests

V Celia Chalam*, Kavita Gupta, MC Singh, Z Khan, J Akhtar, BH Gawade, Pooja Kumari, Pardeep Kumar,

BR Meena, AK Maurya and DS Meena

Division of Plant Quarantine, ICAR-National Bureau of Plant Genetic Resources, Pusa Campus, New Delhi-110012, India

Plant quarantine is a government endeavour enforced through legislative measures to regulate the introduction of
planting material, plant products, soil and living organisms, etc. in order to prevent inadvertent introduction of
pests (including fungi, bacteria, viruses, nematodes, insects and weeds) harmful to the agriculture of a country/
state/region, and if introduced, prevent their establishment and further spread. ICAR-National Bureau of Plant
Genetic Resources (ICAR-NBPGR) is authorized to issue import permit and undertake quarantine of plant
germplasm including transgenics and for issue of Phytosanitary Certificate for material under export. Adopting
a systematic workable strategy, using a combination of conventional and modern techniques, over the past forty-
five years, a total of 78 exotic pests including fungi (6), viruses (19), insects/ mites (26), nematodes (9) and
weeds (18) of great quarantine significance to India have been intercepted. All efforts are made to salvage the
infested/ infected materials; however, if the material is unsalvageable, it was incinerated. The interceptions made
signify the potential dangers in import of planting material if proper quarantine measures had not been followed.
ICAR-NBPGR, also makes concerted efforts to develop and customize the modern detection and eco-friendly
salvaging techniques to minimize the risk of escape in quarantine processing. Scientifically sound and transparent
risk analysis prior to import is an important tool, so that, our agricultural production is not jeopardized. The
Indian phytosanitary regulations provide a fragmented legislative system which needs to be harmonized and
integrated to holistically deal with national biosecurity while complying with international norms. Also, there
is a need to support research, training, capacity-building, networking and information sharing activities at both

national and regional levels.

Plant Quarantine at ICAR-NBPGR

International exchange of plants/planting material carries
an inadvertent risk of introduction of exotic pests or their
new virulent races/strains into new areas. History has
witnessed several examples of dangerous pests introduced
along with plants/planting material/plant products that
have led to serious socio-economic consequences. Plant
quarantine is a mandatory requirement to regulate the
entry of seed/planting material, plant products, living
organisms and soil etc. so as to prevent unintended
entry of pests across nations. International exchange of
plant genetic resources (PGR) is important to broaden
the genetic base of crops in order to develop improved
crop varieties. The Government of India has legislated
the Plant Quarantine (Regulation of Import into India)
Order 2003, [hereafter referred to as PQ Order] to
regulate the import of plant material. Under the PQ
Order, ICAR-National Bureau of Plant Genetic Resources
(ICAR-NBPGR) has been delegated powers to issue
Import Permit and to carry out quarantine processing
of imported PGR including transgenics and for issue
of Phytosanitary Certificate for PGR meant for export.

The Division of Plant Quarantine at ICAR-NBPGR,
New Delhi has developed an efficient and systematic
methodology for quarantine processing for pest
diagnostics, salvaging and containment to ensure
biosecurity during exchange of PGR and to be transparent
during exchange internationally. Stringent quarantine
examination 0f49,97,795 samples of PGR during 1976—
2021 of which 1,78,507 samples were found infested/
infected by insects (1,08,615); pathogens (42,123);
Nematodes (23,952) and weeds (3,817). A systematic
step-wise strategy is being followed for testing of each
of the samples imported for presence of any unwanted
pests Fig 1.

Over the years, during quarantine processing, a
large number of pests have been intercepted in imported
germplasm and other research material. The intercepted
pests can be categorized as:

(i) Pests not known to occur in India

(ii) Pests with different races/biotypes/strains not known
to occur in India

*Author for Correspondence: Email-celia.chalam@icar.gov.in; mailcelia@gmail.com

Indian J. Plant Genet. Resour. 35(3): 141-146 (2022)



V Celia Chalam et al.

Fig. 1. Schematic presentation of Quarantine Processing

(iii) Pests intercepted on a new host or are from a country
from where they have never been reported before

(iv) New pest species hitherto unreported in science
(v) Pests reported to be present in India

These interceptions, especially of pests and their
variability not yet reported from India [Category (i) and
(i1)] signify the importance of quarantine in preventing
the introduction of destructive exotic pests. The categories
(iii) and (iv) pests are not expected in the sample as
per the PRA which is literature-based and since no
records are available on the pest/ host their presence
is unexpected and hence, important from quarantine
view point. The last category (v) — pests reported to be
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present in India are also important as they could have
a wide host range and become invasive in case they
find suitable biotic and abiotic environment (Khetarpal
and Gupta, 2008). A total of 78 exotic pests belonging
to Category (i) including insects/ mites (26), fungi (6),
viruses (19), nematodes (9) and weeds (18) that are not
yet reported from India have been intercepted so far.

The samples found infested/ infected with pests
viz., were salvaged using suitable methods and if they
could not be salvaged, they were rejected and destroyed
by appropriate means (Fig. 2). Had any of these exotic
pests not been intercepted and had escaped, they could
have entered and established in India and subsequently
caused devastation to Indian agriculture.
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Presently, exchange of PGR has become more
difficult under the Convention on Biological Diversity,
hence, all attempts were made to salvage the germplasm
and over 99 % of samples were salvaged and less than
1% samples were rejected. [CAR-NBPGR has state-
of-the-art facilities to properly undertake quarantine
However, more wide-ranging efforts are needed in the
national plant quarantine system to develop adapt and
adopt the latest detection and eco-friendly disinfestation/
disinfection techniques to minimalize the risk of pest
escape in quarantine.

Issues in Quarantine of Germplasm and Action
Points

There are issues related to quarantine in exchange of
PGR both legislative and related to quarantine processing
and methodology (Khetarpal et al., 2006; Chalam and
Khetarpal, 2008). The legislative issues pertaining to
India are as follows:

The national quarantine legislation needs to be
in harmony with the international norms laid down
by International Plant Protection Convention (IPPC)
and the countries in the region are trying to gear up
their activities to comply with it. India has done so
by bringing out the PQ Order 2003 and through its
various amendments. Under this the imports have been
classified as:

(a) Prohibited plant species (Schedule IV);
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(b) Restricted species where import is permitted only
by authorized institutions (Schedule V);

(c) Restricted species permitted only with additional
declarations of freedom from quarantine/ regulated
pests and subject to specified treatment certifications
(Schedule VI) and;

(d) Plant material imported for consumption/ industrial
processing permitted with normal Phytosanitary
Certificate (Schedule VII).

Under the PQ order, a pest risk analysis (PRA) has
been made mandatory for all material being imported
into the country other than those present in Schedules
V, VI and VII. The various schedules V, VI and VII
of the PQ Order give lists of crops for which a generic
PRA is given and detailed PRA is not required. In case
of germplasm, a large number of species of cultivated
crops (and their wild relatives/land races) with useful
traits are imported. Such wild relatives, land races of
germplasm whose pest profile is not adequately recorded
hampers PRA preparation and consequently their
import. However, in 2007 the legislation has been
amended whereby ICAR-NBPGR is empowered to
undertake PRA for germplasm material for pest-free
import. This is more relevant in the present context
when access to germplasm is becoming more and more
difficult under the Convention on Biological Diversity,
1992.
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Another difficulty, which is faced during import
of certain material, is the additional declarations being
sought under the Schedule VI (Species permitted only
with additional declarations of freedom from quarantine/
regulated pests and subjected to specified treatment
certifications). Many countries from where a pest is not
reported find it difficult to certify in the phytosanitary
certificate the freedom from those pests. To solve this
problem, the recent amendments of the PQ Order with
more number of crops give country-specific requirements
under additional declarations and special conditions for
import. This would greatly help the indentors in procuring
germplasm of their interest from varied sources (Dubey
et al., 2021).

The technical issues include issues pertaining to
quarantine processing i.e. methodology for detection
and salvaging of pests are enumerated follows:

e The amount/size of the germplasm sample is very
crucial from quarantine processing point of view, as
sampling procedures meant for bulk material cannot
be adopted. Also, the technique applied should
enable detection of miniscule amounts of pest in
the samples drawn and also be non-destructive. The
sample size may not be enough for direct testing of
seed and post-entry quarantine testing and release
from virus-free plants after testing may take one
crop season.

e Diagnostic reagents such as antisera for viruses/
bacteria and the reference collection for insect pests
are often not available for exotic pests. A repository
of antisera needs to be established as one has to
deal with exotic pests in quarantine (Chalam, 2020).
Expertise is also required in the field of taxonomy
and biosystematics as there is a continuous need to
identify unknown/ new pathogens or strains.

o There is an urgent need to have National Plant
Pests Diagnostic Network (NPPDN) linking the
research laboratories with seed/vegetative planting
material testing laboratories and quarantine stations,
which would be the backbone for strengthening the
programme on biosecurity from plant pests (Chalam
and Maurya, 2018).

e Strengthening research on the development of
sensitive and non-destructive detection and salvaging
techniques as well as on:

0 Increased use of radiation and other eco-friendly
non-chemical frontier techniques as effective
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mitigation treatment as alternatives to methyl
bromide fumigation

0 Development of user-friendly serological/
molecular diagnostic protocols/kits for prognostic
detection of exotic pests and their variants and
also low levels of pest infections.

0 Development of digitized biosystematic keys for
pest identification.

0 Epidemiological studies including survey and
surveillance of diseases/pests to prepare database
on endemic pests, identify pest free areas and
target [PM for reducing threats.

0 Developing models for risk analysis for exotic
pests, diseases, invasive weeds and genes.

0 Developing standard operating procedures through
relevant Handbooks/Manuals for survey and
surveillance and checking major diseases/pests
including invasive weedy species.

0 Studies on factors influencing climate change and
pest diversity and virulence.

0 Studies on factors affecting potential of pest
survival under different transport conditions
of, modes of dispersal, availability of hosts/
alternate hosts at port of entry, establishment
potential, strategy for reproduction and mode of
pest survival, vectors and natural enemies of the
concerned pest in the new area.

0 Simulated evaluation of mitigation options to deal
with epidemics/pandemics.

0 Need for special focus on management of
indigenous diseases, pests and invasive weeds with
a potential to impact food security, environment
including biodiversity, and trade.

0 Development of national dynamic biosecurity
database of insect pest, diseases, invasive weeds
and their management.

National Plant Quarantine System: Way Forward

The liberalized trade under WTO has made quarantine
personnel highly accountable on accurately achieving
the objectives of eliminating alien pests or to take up
eradicative actions. The threat of pest introduction
and the ways to stop the establishment of such pests
into India continues to be a major fear. Unless proper
phytosanitary procedures are adopted, pests could be
transferred all over the world, get established into new
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areas and impact agricultural production (Khetarpal and
Gupta, 2008). On the other hand, this also presents a
tremendous opportunity for farmers to export agricultural
products/produce to boost our economy if they meet the
quality standards and overcome phytosanitary restrictions
at international level. Active participation in meetings
of IPPC and Codex Alimentarius by India to negotiate
for realistic standards would also give a necessary
push to trade in agriculture. All this is feasible only if
the government and the organizations working on SPS
issues work hand-in-hand with each other, to accomplish
international standard of agricultural produce that
would eventually boost Indian exports at the same time
safeguarding our crops and environment from ingress
of exotic pests (Khetarpal and Gupta, 2007).

Also, awareness about the biosecurity among general
public and scientific community is greatly required for
generating respect for quarantine/ biosecurity regulations.
Besides, the domestic quarantine regulations already
promulgated for nine destructive pests (fluted scale, San
José scale, coffee berry borer, codling moth, banana
bunchy top and mosaic viruses, potato cyst nematode,
potato wart and apple scab) seem to be a complete
failure as there are reports of spread of some of these
pests to neighbouring states and also to different parts
of the country. Extensive eradication measures and
surveys are needed in different regions of the country
that would finally contribute in identifying the pest free
areas, a task that is also required to be accomplished as
per the international norms for fulfilling the commitments
made under the SPS Agreement. There is also an
urgent requirement to prevent not only spread of the
pests above but also to develop domestic quarantine
regulations against certain recently introduced/ detected
pests in the country and which might spread fast (Gupta
and Dubey, 2017). More resources need to be diverted
towards developing appropriate legal and protection
measures against such pests to save the country.

Unlike in USA and Australia, there is a total absence
of organized plant quarantine services at state borders
in India. It is essential to set-up plant quarantine check-
posts at inter-state border roads/inland container depots/
rail roads manned by trained personnel to control the
movement of planting material, transport carriers and
containers so as to have effective check of the pests
especially those covered under domestic quarantine
regulations.
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Indian plant quarantine system has certainly come
a long way starting with the legislation viz., Destructive
Insects and Pests Act way back in 1914. However,
modernizing quarantine mechanism is much more crucial
today in the light of globalization not only to protect the
crops from invasive foreign pest species but to safeguard
the economy by ensuring enhanced productivity and
farm incomes. The Agricultural Biosecurity Bill (2013)
which provided for instituting of a mechanism for holistic
prevention, eradication and management of pests of
plants and, pests and diseases of animals and undesirable
organisms for ensuring biosecurity in agriculture and
to comply with our international commitments, for
enabling exports and imports of plants and their products,
animals and their products, aquatic beings and regulation
of microorganisms of agricultural importance and for
matters connected therewith or incidental thereto needs
to be revived and put in place.
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Globally, plant genetic resources (PGR) are the key biological resources having great potential to meet the
challenges of food and nutritional security. ICAR-National Bureau of Plant Genetic Resources (NBPGR) has
been working with a network of 10 regional stations located in different agro-climatic zones of India for the
management of genetic resources. The linkages established with CGIAR centres, national crop-based institutes
and state agricultural universities are the backbones of PGR utilization. NBPGR characterizes and evaluates
germplasm conserved in the Indian national genebank for different traits and provides material to breeders. The
effective utilization of PGR in crop improvement programmes depends mainly on their systematic characterization
and evaluation, and identification of potentially useful germplasm. To date, we have characterized more than 2.35
lakh accessions of different agri-horticultural crops and developed core collections for the effective management
of a large number of accessions. Presently, our focus is on the large-scale characterization of entire germplasm
conserved in the Indian National Genebank and detailed evaluation of prioritized crops; identification of reference

sets and core sets for enhanced utilization.

Key Words: Crop wild relatives, Characterization, Evaluation, Genebanks, Germplasm

Introduction

Plant genetic resources (PGR) are the genetic material of
plants having immense value as a resource for mankind of
present and future generations. The ICAR-NBPGR acts as
anodal institute at a national level for the management of
PGR under the national agricultural research system. The
Bureau’s activities include PGR exploration, collection,
exchange, characterization, evaluation, conservation and
documentation. Genebanks houses pools of germplasm
variability containing vital genes that play a crucial role
in breeding programs for sustainable crop production.
Efficient and effective use of germplasm in crop
improvement depends upon a thorough understanding
of the existing genetic variability, and knowledge of
the traits and genes present in individual accession,
which depends on the comprehensive characterization
and evaluation. Without the information on the traits
of the accessions conserved in genebanks, they become
museums of plant accessions or living herbaria. To
identify novel accessions corresponding to the genes with
desired traits, it is prudent to characterize the germplasm
collections conserved in the genebanks. Thus, the need
for characterization and evaluation for sustainable use
of agro-biodiversity has been felt universally. However,
the characterization of large collections by plant breeders
is time- and resource-consuming, therefore genebank

*Author for Correspondence: Email-ashok.kumar28@icar.gov.in
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curators have developed a concept of a core set (~10%
of the entire collection) from entire collections that are
characterized at once to identify the targeted germplasm
and use it efficiently (Frankel and Brown, 1984). The
core set refers to a minimum set of germplasm that
captures the entire range of genetic variability of any
crop, with minimum repetitiveness. Being smaller in size
and diverse in nature, the core set can be efficiently used
as a kickoff point to enhance genetic gains, including
the use of phenomics and genomics tools in less time.
Further, depending on the number of collections it
can be minimized to a mini core set that is ~1% of
the entire collection. Also, trait-specific reference set
can be identified for introgression, gene discovery and
genomics studies.

Therefore, it is essential to use genetic diversity
conserved in genebanks and identify novel germplasm,
core sets and reference sets for their use in trait-specific
breeding programs to enhance cultivar productivity and
resilience to climate change.

Status and Strategies of Characterization,
Evaluation and Utilization

To date, more than 2.35 lakhs accessions of different
crops at ICAR-NBPGR have been characterized and
evaluated (Singh et al., 2020). The year-wise information
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Fig. 1. Characterization of agri-horticultural crops (2012-2022)

on characterized accessions at [CAR- NBPGR have been
depicted in Fig. 1.

To characterize the entire accessions conserved in the
Indian national genebank (INGB), the mega programme
on characterization and evaluation of germplasm was
initiated in 2011-12 in which 22,416 accessions of
wheat were characterized. Similarly, 18,775 accessions
of chickpea were also characterized in 2012-13. These
mega-characterization programmes paved the way for
other prioritized crops conserved in INGB. Under a
focused strategy for enhancing germplasm utilization,
ICAR-NBPGR has shifted from piecemeal work to a
complete characterization approach in recent years where
entire accessions of prioritized crops were characterized
in one go using a comprehensive strategic plan (Fig.
2). The large-scale characterization is being carried out
under institute projects, Consortium Research Platform
on agrobiodiversity and other network projects. The
network project on minor pulses, minor oilseeds, rice,
wheat and chickpea have been initiated under the
mission mode programme supported by the Department
of Biotechnology, Government of India. To facilitate
germplasm management and utilization, core sets have
been developed in different crops at ICAR-NBPGR
(Table 1). Moreover, core sets have been developed for
cowpea, mungbean, urdbean and horsegram are under
evaluation and validation stage. Besides this, trait-
specific germplasm (TSG) has been also identified from
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large-scale characterization and evaluation programs
which are becoming the material of choice for crop
breeders nationally. Some trait-specific germplasm has
been identified and validated which are mentioned in
Table 2.

Future Perspectives

Global interdependence for PGR requirements is a matter
of utmost importance to satisfy the needs of countries.
There is aneed to collaborate at local, national and global
levels for the evaluation and utilization of the germplasm.
Genebank researchers should work on the strategy of
linking every accession conserved in genebanks with
traits. Completely characterized genebank collections will
facilitate their management and utilization. New tools of
phenotyping including drones and digital data loggers
need to be deployed to accelerate the phenotyping of the
large number of accessions. Further, the characterization
and evaluation activity requires substantial inputs and a
decentralized evaluation network with the collaboration
of NARS partners. Also, there is a need to modify the
descriptors for evaluation accordingly and make the
search for the desired characteristics in the database
as quick and efficient as possible. The core collection
concept is a more structured and efficient approach to
identifying limited sets of diverse germplasm and utilising
the same more effectively. The use of crop wild relatives
(CWR) is needed to incorporate novel traits related to
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Fig. 2. Flowchart depicting strategies adopted by ICAR-NBPGR for germplasm utilization

Table 1. Large-scale characterization and core sets developed at Table 2. Glimpses of trait-specific germplasm identified by ICAR-
ICAR-NBPGR during the last decade NBPGR
Crop No. of Acc. No. of Acc. | Reference Lentil, IC317520 (INGR 19072)
Characterized/ | in core Trait: Extended funiculus
Descriptors collection (Tripathi et al., 2019)
Wheat 22,464/34 2,226 Phogat et al., 2020
Chickpea 14,651/21 1,103 Archak et al., 2016 Lentil, IC241473 (INGR21223)
Barley 6,778/19 688 Kaur et al., 2022 Trait: Multi-podding germplasm
Lentil 2,324/26 170 Tripathi et al., 2022 (Tripathi et al., 2022)
Wild lentil ~ 405/18 96 Singh et al., 2014
Cowpea 3,720 425 Under validation -
Pearl millet, IC283734 (INGR 13056)
Mungbean 4,100 400 Under validation Trait: High popping yield
Urdbean 2,266 218 Under validation (Kumari et al., 2016)
Horsegram 2,186 300 Under validation

Wheat, 1529962 (INGR19044)

abiotic and biotic stresses, and nutritional quality to Trait: Highly resistant to spot blotch
. .. . (Kumari et al., 2018)

bring enhanced levels of productivity and stability of

performance, and to provide food and nutritional security.
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Himalayas is one of the unique eco-systems, rich in robust indigenous culture and traditional wisdom. Due to
its varied climatic conditions, it is gifted with a wide diversity of plant genetic resources (PGRs) of several crop
species and their wild relatives. These crops and their wild taxa have contributed significantly to environment
and food security of the native people. Recent past has seen some breakthroughs in successful utilization of
Himalayan PGRs in cultivar development that could serve as model for future crop improvement programs vis-

a-vis climate change and nutritional security.

Introduction

Himalayas is one of the 36 hot spots of diversity
identified globally. Plant Genetic Resources (PGRs) in the
Himalayas comprise land races and primitive cultivars,
obsolete farmers’ and old varieties, recently released
cultivars, parental line of the released hybrids, genetic
stocks, wild and their weedy relatives etc. The farmers
of the region grew these land races for their livelihood
security since ages. Notwithstanding yield potential, these
are invariably characterized by drought tolerance, pest
resistance, wider adaptability with desirable quality traits
etc. These land races were improved by both selection
and hybridization, and a large number of high yielding
varieties were developed for the benefit of farmers. In the
traditional agro-ecosystem of North-Western Himalayas,
these varieties have replaced the traditional cultivars and
land races leading to the loss of diversity. There has to
be a national action plan for further strengthening their
collection, evaluation, conservation and sustainable
utilization.

Status of PGRs

Himalayas, including NW Himalayan region is endowed
with an array of genetic resources of crop plants, their wild
relatives and a plethora of edible wild plants supporting
~85% of the region’s population on agriculture for their
food and daily needs. The region is very rich in species
diversity of cereals, millets, pseudo cereals, pulses,
oilseeds, vegetables, fruits, spices and condiments, fibers
etc. It represents the richness of PGRs by having around
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272 cultivated crop species and 898 wild relatives and
related types (Table 1; Sharma and Rana, 2005).

Table 1. Status of PGRs and their wild relatives in NW Himalayas

Crop group Cultivated Wild
species species

Cereals 5 36 41
Millets 10 44 54
Pseudo cereals 7 20 27
Pulses 19 34 53
Oilseeds 13 11 24
Vegetables 68 58 126
Fruits and nuts 49 65 114
Fibers 9 44 53
Spices and condiments 37 55 92
Forages 8 219 227
Ornamentals 18 130 148
Medicinal and aromatic plants 29 182 211
Grand total 272 898 1170

PGR Utilization

Despite the enormous variability of crop species
including wild relatives occurring in the Himalayas,
their exploitation in crop improvement programs is still
naive. Nevertheless, there are some notable examples
demonstrating successful utilization of PGRs for the
development of high yielding varieties through either
selection or hybridization in NW Himalayan States/UTs.
Among cereals, the use of genes from an accession of
Oryza nivara from NW Himalayas to produce long-
lasting resistance to grassy stunt virus is one of the
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pioneer examples of using wild germplasm in rice
resistance breeding (Khush, 1997). The annual species of
wild rice (Oryza rufipogon), which grows in the several
parts of the NW Himalayas have a high degree of blast
resistance (Rathour et al., 2005). Selection from available
germplasm has also led to the development of several
rice varieties in the region. SKUAST, Jammu, developed
Ranbir Basmati and Saanwal Basmati through selection
from Basmati 370 and released these for cultivation
during 2005 and 2007, respectively. Later, high yielding
Basmati 564 was also developed from Basmati 370
through selection during 2014. Recently, it developed
Jammu Basmati 118, 123 and 138 from Basmati 370
having high yield potential. Notably, State Variety
Release Committee (SVRC) released these varieties for
cultivation during 2020. Similarly, pure line selection
led to the genetic improvement and uniformity of three
most popular rice varieties viz. Mushk Budji, Kamad
and Red Rice of Kashmir valley. Of late, red rice grown
in the region has also gained considerable attention
nationwide due to their unique red pericarp colour and
high nutritional values. In Himachal Pradesh, Bhrigu
Dhan, the first high yielding red rice variety developed
from a cross Chucheng/Deval®//Matali was released by
the SVRC during 2005. Further, ICAR-VPKAS, Almora
developed maize variety VL Baby Corn 1 during 2005
by using a local land race Murali Makkai, a Sikkim
primitive maize exhibiting prolificacy and excellent
popping capacity.

In pulses, CSK HPKV, Palampur developed three
popular varieties of rajmash namely, Baspa (KRC-8)
derived from collection from Kinnaur and released as
variety for cultivation in Himachal Pradesh. This is
very popular variety for its attractive seed colour and
field resistance to bean anthracnose and is still under
cultivation in many segments of the state. Triloki
variety was derived from a land race of Lahaul valley,
and Kailash (SRC-74) was selected from the local
germplasm collected from Sangla valley and released
for cultivation in the dry temperate region of Himachal
Pradesh during 2003. The University also developed
horsegram Baiju (HPK-4) variety from local germplasm
collection. ICAR-VPKAS, Almora developed wilt and
rust resistant lentil VL Masoor 514 by crossing VL
Masoor 501 x VL Masoor 103 during 2011. VL Masoor
103 is a selection from local collection of Uttarakhand
Himalayas. SKUAST, Jammu developed Bhaderwah
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Rajmash variety (BR-104) through selection from local
germplasm and released by the SVRC during 2020.

In potential crops, the notable instances of the
effective use of amaranth germplasm from the Himalayas
is the development of the high yielding cultivar
Annapurna during 1984 which was a direct selection
from a local genetic line followed by Durga during 2006
developed from 1C35407 by ICAR-NBPGR Regional
Station, Shimla. Both these varieties were released by
the CVRC. Similarly, ICAR-NBPGR Regional Station,
Shimla also developed buckwheat variety Himpriya as
a pure line selection from IC13374 followed by Shimla
B1 from IC341671 and notified by CVRC during 1991.
Further, ICAR-VPKAS, Almora developed VL UGAL
7 variety during 1991 through mass selection. Recently,
ICAR-NBPGR Regional Station, Shimla developed
Himphapra variety of buckwheat valued for high protein
content (13.10 %) from IC341589 and was dedicated to
the nation by Hon’ble Prime Minister of India on 28
September 2021.

CSK HPKV, Palampur developed a number of
varieties in forages for improving temperate grasslands
and pastures by involving the local land races and
indigenous germplasm collected from different parts of
the Himalayas. Napier-Bajra hybrid NB-37, Red clover
PRC-3, Setaria grass S-92, Tall fescue grass Hima-1 and
Hima-4, and White clover Palampur Composite-1 are
some of the major varieties developed during 1987-2005
and released by the SVRC.

Wild species of fruits are growing abundantly in
Himalayas and have been used as rootstock for cultivated
temperate/sub-temperate fruit crops. These include
different Prunus species as rootstock for cherry and
plum, kainth for pear, crab apple as seedling rootstock
for apple, wild apricot or chulli for apricot, hard-shelled
almond and walnut for almond and walnut, respectively.
SKUAST, Jammu recently developed high yielding
walnut and pecan nut varieties Bhusan and SJPP-25,
respectively through selection of local germplasm
collected from Kishtwar region in Jammu and released
by SVRC for cultivation during 2020. Likewise, popular
variety of drying apricot namely Halmen cultivated in
Kargil, Leh and Spiti was selected from a local land
race. Likewise, Racharpo a table purpose apricot variety
and the sweetest in the world was selected from a local
land race in Kargil.
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Future Prospects and Action Points and phenotyping, development of genomic resources
and strengthening PGR informatics should be the
contemporary trail for the effective utilization of
Himalayan PGRs to develop improved cultivars
with climate resilient traits along with superior
agronomical and nutritional features.

e Mainstreaming the use of ancient crop varieties
and revisiting the diverse regions of the Himalayas
harboring them could help in the conservation and
long-term sustainable utilization of PGRs.

e Awareness and capacity building programs are
required to enable the local people to use highly =~ References
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Horticultural crops comprise diverse economic species ranging from the fruits/nuts, vegetables, spices and
condiments, ornamental plants, aromatic and medicinal plants. Besides the tangible materials, horticultural genetic
resources (HGR) also encompass the indigenous knowledge accumulated over ages among gardeners, and which
surround the use of such biological resources. Global climate change is causing challenges in productivity with
the rise in global temperature and reduced amount of precipitation. It is crucial to develop strategies for effective
conservation and judicious use of HGR to improve nutritional security and food safety for human health. This
paper describes the present status of HGR in India, its scientific management aspects, including their diversity,
conservation and sustainable use. It also addresses crucial concerns regarding conservation in India vis-a-vis

recent advances in management of the HGR.

Key Words: Climate change/environmentalstress, Conservation, HGR management, Horticultural

crop diversity, Recent advances

Horticultural crops include fruits, vegetables, ornamentals
and medicinal crops/species, and these species vary
from place to place. In India, horticultural crops include
145 species of root and tuber (e.g., potato, onion,
yam, taro), 521 of vegetables/greens (e.g., beans. peas,
carrot, brinjal, cauliflower, cabbage, carrot and tomato,
amaranth, palak), 101 of buds and flowers (e.g., apple,
pear, grapes, cherry, peach and apricot), 118 of seeds
and nuts (e.g., cashew, almond), medicinal plants (mint,
liquorice, foxglove, cinchona, Hyoscyamus and others
such as hops-Humulus lupulus). Thus, both indigenous
(e.g., lemon, cucumber, lime, mango, muskmelon,
eggplant) and well-adapted exotic species constitute
a well-balanced matrix of crop diversity in India. The
important fruit crops grown commercially in India are
mango, banana, citrus, guava, grape, pineapple, papaya,
sapota, litchi and apple which comprise more than 75%
of total area under fruit cultivation. There are quite a
large number of indigenous and underutilized fruit crops,
which are being used by the local inhabitants. Some of
the important vegetable crops grown in India are brinjal,
tomato, chilli, sweet pepper, cabbage, cauliflower, knol-
knol, okra, onion, garlic, long melon, muskmelon, snap
melon, watermelon, cucumber, pumpkin, summer squash,
bitter gourd, bottle gourd, ridge gourd, round gourd, snake
gourd, sponge gourd, ash gourd, carrot, radish, turnip,
broad bean, cluster bean, cowpea, lablab bean, french
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bean, peas, amaranths, beet root, fenugreek, spinach,
lettuce, drumstick and curry leaf. In addition, there a
several underutilized vegetables such as Karemua-water
spinach (Ipomoea aquatica), asparagus (Asparagus
officinalis), chekurmanis (Sauropus androgynus),
kachnar (Bauhinia purpurea), poi (Basella alba),
elephant foot yam (Amorphophallus campanulatus),
pointed gourd (Trichosanthes dioica), snapmelon, sweet
gourd; and underutilized fruits which have market value
but not widely grown in the field and rarely found in
the market include: jackfruit (Artocarpus heterophyllus),
bael (Aegle marmelos), jamun (Syzygium cuminii),
carambola (Averrhoa carambola), aonla (Emblica
officinalis), karonda (Carissa carandas) and phalsa
(Grewia subinequalis, G. asiatica) (Gupta and Yadav
2016; Rathore etal., 2005). The need for diversification to
horticulture sector was acknowledged by the Government
of India in mid-eighties by focussing its attention on
investment in this sector. Presently horticulture has
established its credibility in improving income through
increased productivity, generating employment and in
enhancing exports. Resultantly, horticulture has moved
from rural confines to commercial venture.

Horticultural Diversity Across the Country

Horticulture is potential to raise the farm income,
livelihood security and earn foreign exchange. There is
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a need to encourage diversification to high value crops
(HVC) at the rate of 5% every year. According to the
estimate, the share of the agriculture and allied sector
in total GVA has improved to 20.2% in 2020-21 and
18.8% in 2021-22. Horticulture accounts for 30% of
India’s agricultural GDP from 8.5% of cropped area,
and 52% of export earnings in agriculture. India is
20d Jargest producer of fruits and vegetables in the
world, and world’s highest producer of onion, green
peas, and cauliflower. India possesses 1000 wild edible
plant species including 145 species of roots and tubers,
521 species of leafy vegetables/greens, 101 species of
bulbs and flowers, 647 species of fruits, 118 species of
seeds and nuts, 9,500 plant species of ethno-botanical
uses, 7,500 for ethno-medical purposes, and 3,900 for
edible uses of native tribals. A total of 583 species are
cultivated, of which 417 belong to hort. crops. Cultivated
species include 27 in fruits & nuts, 23 in vegetables,
15 in plantation and tuber crops and 16 in spices and
condiments, and Wild relatives included 331 in fruits
and nuts, 215 in vegetables, 154 in plantation and tuber
crops and 161 in spices and condiments. Thus, the
amount of species diversity available offers substantial
genetic diversity to meet the future needs, particularly
for the present scenario of climate change (Rathore et
al., 2005). Details of these diversity scattered in nineteen
(19) regions of India, are stated below:

1. Western Himalayan Region: Region is inhabited
by admixture of Indo-Aryan/Mongolian races. It
is secondary centre of origin/ diversity of Sorbus,
Rubus, Prunus Apple, pear, peach, plum, almond,
apricot, cherry, walnut, and chilli, potato, pumpkin,
and primary centres of Allium spp., brinjal, cucumber.

2. Eastern Himalayan Region: Most of Arunachal
Pradesh and Sikkim, and northern tip of West
Bengal (Darjeeling and Kalimpong); Tibetan culture,
original inhabitants of Sikkim-Lepchas, Adi, Galo,
Nishi, Khamti, Monpa, Apatani, and Hill Miris. It
is centre of diversity of Rhododendron, Primula,
Pedicularis, orchids, spices, Prunus rufa, Sikkim-
special chilli locally ‘Dalle Khorsani’; Catharanthus
roseus-anti-cancer/ diabetes; Centella asiatica-
stomach disorders by different tribes. Wild relatives
included Luffa graveolens, Actinidia callosa, A.
strigosa (kiwi fruit), Citrus reticulata (wild forms),
Mangifera indica var. sylvatica.

3. Brahmaputra Valley Region: Most parts of Assam,
Meghalaya Plateau, NE Hills, Brahmaputra Valley.
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Bhutia and Bodo-the main tribes associated with
agriculture, annual rainfall 1,600-2,000 mm with
270 days long growing period. Tea, cucumber,
Musa, bamboo, brinjal, okra, Abelmoschus pungens,
welsh onion (Allium fistulosum) of China extends
up to the region. Ginger and turmeric- many local
cultivars with desirable features, and in Citrus- Citrus
reticulata. Sonowal Kacharis tribe uses Allium
sativum, Oryza sativa, Cassia sophera, Ricinus
communis and Ananas comosus. Variability in
jackfruit (Artocarpus heterophyllus- although native
of W Ghats), rich diversity found in Brahmputra
valley, Bihar, Assam Jharkhand, WB, UP; rich in
carbohydrates and Vit A.

4. Malwa Plateau Region: Western part of Madhya
Pradesh and parts of SE Rajasthan. Opium (Papaver
somniferum) is a traditional crop; wild relatives,
like Abelmoschus tuberculatus, A. manihot ssp
tetraphyllus var. megaspermus (large seed), A.
crinitus, A. ficulneus; Pusa Nasdar in ridge gourd
from a local landrace from Neemach; Cucumis spp.;
Chironji (Buchnania lanzan); ber, bael, karonda,
khirni, and custard apple.

5. Bundelkhand Region: South of Yamuna between
fertile Gangetic plains stretching across northern
Uttar Pradesh & southern highlands of MP. Brinjal,
Ziziphus, bael (Aegle marmelos)- traditional varieties
such as Kagzi Etawah, a known landraces; chironji
- diversity has been recorded for panicle, fruit size
and quality kernels; diversity in aonla, ber, and
karonda.

Bhut Jolokia —the world’s highest pungency; >1 million SHU.
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Garo, Khasi and Jaintia Hills: Centre of diversity
of Rhododendron, Schima, Zingiberaceae spices,
Citrus, Garcinia; Tura range (Garo Hills)- Citrus
& Musa species diversity; brinjal, S. khasianum
with resistance to stem and fruit borer, S.kurzii-
endemic to Garo hills. In chilli, Bhut Jolokia with
the highest pungency so far; bittergourd, ashgourd,
bottlegourd, chow-chow, Cucumis hardwickii - the
likely progenitor of cucumber; Mangiferakhasiana-
endemic, distinguishable from M. sylvatica; in Citrus,
8 of the 17 species reported from the NE Region
C. indica, C. macroptera, C. latipes naturally
occur, presenting rich genetic diversity; Musa
flaviflora is localized with four additional species.
Artocarpus heterophyllus, Litchi chinensis, Malus,
Pyrus, Prunus spp., Prunus persica, Rubus, Sorbus,
Corylus, Castanea sativa, Prunus napaulensis, Pyrus
cerasoides while Pyrus pyrifolia, and P. serotina
is grown semi commercially.

North-eastern Hills: Nagaland, Manipur, Mizoram
and Tripura and Cachar. Brinjal, Citrus, mango,
tropical and subtropical minor fruits, banana,
pineapple, citrus, papaya, plum, peach, apple,
cucumber with natural occurence of Cucumis
hardwickii, Cucumis hystrix, L. graveolens, M.
cochinchinensis, Trichosanthes ovata, T. khasiana,
providing a reservoir of useful genes; brinjal with rich
diversity, S. torvum, S. indicum and S. khasianum
possess resistance to shoot and fruit borer, and root
diseases; Annona, Averrhoa ; wild orange C. indica
is found in the Naga Hills, whereas, lemon, C.
lemon, is known with a large number of traditional
cultivars, such as Hill lemon.

Arid Western Region and Semi-arid Kathiawar
Peninsula: Western part of Rajasthan, parts of the
south- western Haryana and Kathaiawar peninsula
of Gujarat. Centre of diversity of Citrullus, Cucumis
melo var agrestis, arid fruits, seed spices & khejri
(Prosopis cineraria), marwar teak (Tecomella
undulata), watermelon, Citrullus lanatus, Cucumis
melo var. momordica, Momordica balsamina,
mandarin (Citrus reticulata), kinnow mandarin,
sweet orange (C. sinensis), Ziziphus mauritiana-
gola, seb and mundia; Punica granatum —*Jodhpur
Red’ with wider spread, and Jalore seedless; guar,
moth bean; and Cucumis prophetarum in Abu Road
(Sirohi District) of Rajasthan.

Upper Gangetic Plains: Northern Punjab, most of
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Haryana and western, central and parts of eastern
UP, spread from foothills of western Himalayas to
Delta in West Bengal. Centre of diversity available
are:Benincasa hispida, Citrullus, Abelmoschus,
brinjal - Ramnagar Baingan (round green fruit type
is suitable for Ganga River belt), Dudhiya (cluster),
Jethuwa, Kuchabuchia (small clusters), Jafrabadi,;
Balfahwa Jathuwa Bhanta; petha near Agra, A.
manihot ssp. tetraphyllus (Rampur/Saharanpur),
and A. tuberculatus (Saharanpur), mango- Bombay
Green, Dashehari, Fazli, Langra, Safeda Lucknow,
Smarbehisht, Chausa; aonla- Hathijhool, Basanti red,
Deshi, Chakaliya; jamun, lemon; and water chestnut
(Trapa natans)- excellent coolant for body, perfect
food, high nutrient, low calorie, fat loss, helps in
jaundice, thyroid gland, controls diarrhea.

Middle Gangetic Plains: Eastern UP and parts
Bihar, either side of Ganga and Saryu (Ghaghara),
and Himalayan foothills and Vindhya ranges. Centre
of diversity of cucurbits- parwal, (Trichosanthes
dioica), satputia (Lujffa acutangula var. satputia,
also known as Luffa hermaphrodita); Momordica; in
Legeneria- like Rajendra Chamatkar are developed
through selection from local landraces; Luffa
echinata, Momordica cochinchinenesis, Momordica
subangulata renigera M. dioica, and more; brinjal,
chilli, Abelmoschus crinitus; mangoes- Bathua,
Bombai, Himsagar, Kishen Bhog, Sukul, Langra,
Sundar Pasand, Fazli, Gulabkhas, Mahmood Bahar
and Zardalu’ litchi- North Muzaffurpur, Darbhanga
is known for varieties, like Bedana, Calcuttia,
Purbi, Kasha, Desi, Early Bedana, Shahi; bael, and
makhana (Euryale ferox).

Cucumis prophetarum
from Abu Road

Cucumis hardwickii 2n=14);
wild progenitor of Cucumber

Cucumis hystrix (2n=24)
amphidiploid
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Lower Gangetic Plain or Delta Region: Parts of
WB and Bangladesh where Ganges, Brahmaputra
and Meghna meet into Bay of Bengal. Ipomoea
aquatica, okra, Momordica, Trichosanthes, Musa,
ornamentals, parwal, elephant foot yam, moringa,
kakoda, kostumbari coriander, brinjal, okra-
Abelmoschus manihot, A. crinitus; mango- Bombai,
Himsagar, Kishen Bhog, Langra, Malda; jackfruit,
and karonda (Carissa carandus).

Chhotanagpur Plateau: SE plateau of Jharkhand
bordering Odisha, WB, Bihar and Chhattisgarh.
Variability included in litchi, jackfruit, cucurbits,
Dendrobium - a epiphytic orchids (over 10
species); ginger- Maran, Kuruppampadi, Ernad,
Wynad, Himachal and Nadia; mango- Bathua,
Bombai, Himsagar, Kishen bhog, Gopalbhog, Sukul,
Ranipasand, Safed maldah, Chausa, Fazali, Zardalu,
etc. extending from middle and lower Gangetic plain;
Jackfruit in the Santhal Parganas; litchi- Shahi, Rose
scented, China, Purbi, Early bedana, Late bedana;
and lac.

Winged bean

Areca nut in cluster Carambola, Kamrakh

Bastar Region: Chhattisgarh including
Dandakaranya, Bastar, Kanker, Dantewada,
Bijapur, Narayanpur, and Abujhmarh. Inhabitated
by Abujhmarhias, Gonds, Muria, Maria, Dhorla,
Bhatra, Halba, and Dhurva tribes. Mainly root and
tuber crops, Diospyros melanoxylon; cassava, greater
yam, aerial yam, sweet potato, elephant foot yam,
banda, ginger, turmeric, wild tubers (Dioscorea),
pitkanda (D. dumetorum), kulihakanda (D. hispida);
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other useful tubers- tikhur (Zingiber roseum), tannia,
vidarikand (Pueraria tuberosa), making the region a
very important centre of diversity for root and tuber
crops; also chironji; karonda- rich diversity; melon,
cucumber, bottlegourd, ridge gourd, smooth gourd,
and a host of medicinal plants, including keaukanda
(Costus speciosus) used to treat cancer.

Koraput Region: Southern-eastern Odisha and some
districts of north-eastern Andhra Pradesh-Nizamabad,
Vizagapatnam, Vijanagaram, Srikakulam. Inhabited
by Gonds, Khonds, Santhals, Lahqulas and Kinnaras.
Mainly root and tuber crops, cucurbits, Luffa,
Momordica, yam, sweet potato, Musa balbisiana,
jackfruit, mango, aonla, date palm, karonda, pomello,
tamarind, tejpat (Cinnamomum tamala), turmeric,
pepper, ginger, etc.; brinjal, chillies for fruit colour,
shape, size and pungency. S.indicum, S. incanum, S.
surattense, S. pubescens; kundru, Cucumis hystrix,
L. acutangula, L. graveolense, Luffa umbellata,
Momordica balsamina, M. cochinchinensis, M.
dioica, M. tuberosa, Trichosanthes bracteata, T.
cordata, Trichosanthes multiloba and Trichosanthes
himalensis; okra- rich for fruit and plant types,
A. crinitus, A. ficulneus. In root and tuber crops-
pitharu kanda (Dioscorea belophylla), potato yam
(D. bulbifera), pitta kanda (D. glabra, D. wallichii,
D. wightii); Indian Kudzu vine (Pueraria tuberosa),
and Vigna vexillata.

South Eastern Ghats: Dry areas of southern
Andhra Pradesh and Karnataka. Mainly root and
tuber crops; brinjal- Sanna vanga, Saara vanga,
Tella mulaka, Tella vanga and S. erianthum, S.
nigrum, S. surattense and in chillies for fruit colour,
Cucurbita pepo, Cucumis melo var. agrestis, C.
pubescens, M. balsamina and M. tuberosa; Vigna
hainiana, elephant-foot Yams, Amaranthus spinosus,
A. tenuifolius, A. dubius; variability in coriander,
mango- Banganpalli, Totapari, Cherukurasam,
Himayuddin, and Suvarnarekha; bael, palmyra palm
(Borassus flabellifer), karonda (Carissa carandus),
lime, Commiphora caudata, wood apple, aonla,
Phoenix, clove, and Ziziphus horrida, Morus alba;
and mulberry- powerhouse of nutrients, excellent
source of proteins, reservoir of antioxidants,
improves digestion, lowers cholesterol, promotes
brain health, and improve immunity.

Kaveri Region: Kaveri delta of Tamil Nadu-
Coromandel plains, South Arcot, North Arcot, Kolli
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malai, Pachamalai hills. Mainly Trichosanthes,
Root and tuber crops, Syzygium, banana, bitter
gourd, snake gourd, brinjal, chilli, Canavalia,
moringa, agathi, Cucurbita moschata, Cucumis
melo var. anguria, Trichosanthes cucumerina
var. cucumerina, Solanum nigrum, S. surattense,
Momordica balsamina, M. tuberosa and wild okra
Abelmoschus angulosus; aroids, elephant foot yam,
tannia, giant taro, mangosteen, wood apple, clove,
mango- Banganpalli, Bangalora, Neelum, Rumani,
Mulgoa; in banana- Pachable, Karpurvalli, Monthan,
Morris, Mysore poovan, Nendran, Pachanadan,
Rasthali, and Robusta.

17. North-western Deccan Plateau: Parts of NW
Andhra Pradesh, Western Ghats, extending from
Satpura-Mahadeo hills in the north to the Bellary-
Dharwad. Mainly occur Vigna spp., Citrus, Annona
squamosa (huge variability in custard apple), Vitis
vinifera, Tamarindus indica, Hibiscus cannabinus,
H. sabdariffa; sweet orange, Flacourtia indica, wood
apple, jamun, grapes, mango- Alphonso, Mankurad,
Muloga, Pairi, Banganpalli, Totapari; Mosambi,
Sathagudi, Malta; sweet lime (Citrus sinensis);
Nagpur mandarin, kagzi lime, and yam.

18. Konkan Region: Hot humid region of Western
Ghats, coastal plains of Maharashtra, Goa, and Uttar
Kannada. Centre of diversity of Vigna spp. Vigna
species occur or cultivated in the region are V.
aconitifolia, V. angularis, V. dalzelliana, V. mungo,
V. radiata var. setulosa, V. radiata var. sylvestris,
V. sublobata, V. trilobata var. trilobata, V. trilobata
var. pilosa, V. umbellata, V. vexillata, V. vexillata
var. stocksii, V. khandalensis, V. unguiculata ssp.
sesquipedalis, offering valuable genetic diversity;
spices, mango, Garcinia, Artocarpus heterophyllus,
A. hybridus, A. paniculatus, A. polygamus, A.
spinosus; bhindi, chillies, kundru, lablab bean,
bottle gourd, bitter gourd, snake gourd, elephant-
foot yam- A. sylvaticus, A. konkanensis, taro; yam,
Flemingia procumbens, tapioca, pineapple, coconut,
mango, strawberry, Musa acuminata, M. sapientum;
jackfruit; arecanut, Carum strictocarpum, turmeric
(Curcuma inodora), nutmeg, pepper, Vanilla
vatsalana, ginger, harjodwa (Cissus quadrangularis),
Abelmoschus angulosus, A. ficulneus, A. manihot ssp.
manihot, Cucumis ritchei, C. setosus, Momordica
dioica, M. tuberosa, Mangifera sylvatica, tejpatta-C.
tamala and C. goaense etc.
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19. Malabar Region: Hot humid, southern part of
Western Ghats and coastal plains ; Dakshin
Kannada in the north to Kanyakumari in the south,
including whole of Kerala, south of Karnataka.
Primary centre of diversity of spices, Syzygium,
Garcinia, Artocarpus heterophyllus, coconut, M.
dioica, M. tuberosa; Trichosnathes anamalayensis,
T. cucumerina var. cucumerina, winged bean
(Psophocarpus tetragololobus) , yam bean,
cardamom- 3 distinct types (Malabar, Mysore and
Vazhukka); wild relatives of Amomum, Cinnamomum,
Piper, Areca Catechu, Curcuma, Zingiber, Myristica
and Vanilla offer useful variability for use; banana-
red skinned Kappa, large yellow skinned Nedraka,
small yellow- Kadali, Rasakadali, Poovan, Matti,
Palayamkodan; mango- Mundappa, Plour, Pairi; in
jackfruit Varikka landrace has quality fruit;. Coorg
Mandarin from Karnataka Garcinia gummi-gutta -
Kokam; wild relatives of Artocarpus, Diospyros,
Garcinia, Syzygium, and Vitis offer significant
variability for use.

Vegetable and fruit crops are low in calories but
contain high levels of vitamins and minerals (Janick,
2005), making them indispensable for balancing our
daily diet. Although the supply of horticultural products
is increasing, the diversity and nutritional value of the
products are decreasing (Khoury et al., 2014) . These
decreases can be partially attributed to the narrow
genetic diversity of horticultural crops resulting from
domestication and breeding as well as reproductive
barriers that inhibit genetic introgression from wild
relatives (Kalloo, 1992). Therefore, the generation
of genetic resources with diverse and desirable
characteristics will be of great value for improving
horticultural products. While the conventional approaches
can be accomplished by the direct utilization of HGR in
breeding program, recent advances in biotechnology have
progressively used various tools (such as next generation
sequencing, SNP genotyping array and genotyping by
sequencing, genome-wide association studies-GWAS,
MAS and genomic selection-GS) for selecting potential
parents from germplasm collections.

Recent Advances

Horticultural crops are an excellent source of vitamins,
antioxidants, and fibers that play an important role
in human health. Highlighting the importance of
horticultural crops and responding to the main challenges
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as well as the use of modern technologies in breeding
is of paramount importance to meet the nutritional
needs in the light of climate change and the trend for
sustainable agriculture. The implementation of multi-
omics approaches including genomics, epigenomics,
transcriptomics, proteomics, metabolomics, and
microbiomics is of great importance in order to reveal
quality changes in horticulture crops.

Recent advances in automation and high throughput
techniques used in decoding plant genomes play an
important role to speed up the genomic research.
With the establishment of genome and transcriptome
sequencing for several horticultural crops, huge wealth
of sequence information have been generated which have
been used extensively for analysing and understanding
genome structures and complexities, comparative and
functional genomics and to mine useful genes and
molecular markers. However, certain limitations present
anumber of challenges for the generation and utilization
of genomic resources in many important crops. Given
the development and advantages of genome-editing
technologies, research that uses genome-editing to
improve horticultural crops has substantially increased
in recent years. With the advent of CRISPR/Cas9, the
application of genome-editing to horticultural crops has
greatly advanced. The goal of breeding is to harness
genetic variations to introduce desirable traits. These
genetic variations can arise in various ways, such
as by spontaneous mutation, chemical mutagenesis,
and physical mutagenesis (Chen et al., 2018). Gene-
editing could be regarded as biological mutagenesis.
In comparison with other approaches, genome-editing
technology is superior in terms of versatility, efficiency,
and specificity. Through genome-editing, desirable traits
can be directly introgressed into elite or heirloom lines
without compromising other properties, and the resulting
lines with targeted improvement will be ready for use in
crop production (Zang et al., 2016). The wild relatives
of cultivated varieties are also potential materials for
genome-editing because they generally present unique
features in many important traits.

The horticultural crop management is a fit case for
using disruptive technologies. Robotics, Al, and loT
are all technologies that have the potential to radically
transform the way we grow food. These are poised
to revolutionize horticulture as we know it. Robotics
can take over many of the tasks currently performed
by human workers, from transplanting and watering to
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harvesting and packaging. Al can be used to monitor
crops and optimize conditions for maximum yield. And
IoT devices can provide real-time data on everything
from soil moisture levels to pest infestations. Drones
or Unmanned Aerial Vehicles (UAV) with sensor and
imaging capabilities can play an increasingly role in
identifying and reducing crop damage. In India, over
80 per cent farmers are small and marginal (<1 ha),
it is difficult to manage invasive pests. If one field
is sprayed, the pests shift to the neighbouring fields.
Parameters related to drone-based spraying such as
nozzle type, droplet size, drone-type, spread, density,
uniformity, deposition, and penetrability should also be
a factor during implementation of mitigation strategies.
It can be employed in several field operations and is an
excellent tools for rapid, reliable, and non-destructive
detection of field problems. Not only will these make
our crop production more efficient and sustainable, but
it will also free up farmers. In combination with vertical
farming, these technologies could increase the efficiency
and quality of horticultural products. The entire growth
process could be digitized and made available in the
form of algorithms. This would allow tech companies
to get into the food-growing business. And they could
probably do it much cheaper and faster.

Although the supply of horticultural products is
increasing, the diversity and nutritional value of the
products are decreasing. These decreases can be partially
attributed to the narrow genetic diversity of horticultural
crops resulting from domestication and breeding as well
as reproductive barriers that inhibit genetic introgression
from wild relatives. Therefore, the generation of genetic
resources with diverse and desirable characteristics will
be of great value for improving horticultural products.

Future Perspective

There is tremendous scope for enhancing the productivity
of Indian horticulture which is imperative to cater to
the country’s estimated demand of 650 mt of fruits and
vegetables by the year 2050.

1. Some of the new initiatives like focus on planting
material production, cluster development program,
credit push, promotion of FPOs are the right
steps in this direction. An integrated holistic
approach is needed to increase horticultural
productivity by adoption of growth enhancing
technologies, pest management systems and
‘precision farming’, automation (can reduce over-
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application of agrochemicals), vertical farming,
soil-less horticulture, protected cultivation (better
dividends, also brings pride to the profession
by attracting youth including women as well).
At present, only ~50,000 ha are under protected
cultivation in India, whereas China has 2 m ha.
There is need to increase 4 times the area (~2,00,000
ha) in the next 4-5 years. It not only provides high
water and nutrient use efficiency but it can easily
increase the productivity by 3-5 folds over open
field cultivation (Gol, 2019).

One of the major components in precision agriculture
in crop health monitoring, which includes irrigation,
fertigation, pesticide sprays, and timely harvest of the
crop. In order to accomplish above operations, drones
are highly useful for on-site detection of problems
so as to act instantly for corrective measures. As
labour availability and technical manpower are
meagre, drones are gaining popularity. In India,
over 80 per cent farmers are small and marginal (<1
ha), it is difficult to manage invasive pests. If one
field is sprayed, the pests shift to the neighbouring
fields. Parameters related to drone-based spraying
such as nozzle type, droplet size, drone-type, spread,
density, uniformity, deposition, and penetrability
should also be a factor during implementation of
mitigation strategies. It can be employed in several
field operations and is an excellent tool for rapid,
reliable, and non-destructive detection of field
problems.

Use of plastic mulch (25% more yield than no
mulched), crop cover or low tunnels (for early
crop and protection from low temperature), walk-in
tunnels (for temperate region off-season vegetables),
naturally ventilated polyhouses (tomato, cucumber,
tomato, flowers), net houses (for large number
of vegetables and ornamental plant nurseries),
environment-controlled greenhouses (healthy nursery
and foliage plants), vertical farming of lettuce,
strawberry etc., soil-less farming (hydroponics and
aeroponics for vegetables), and vegetable grafts,
are some important technological interventions that
need to be scaled up and adopted more widely.
The use of vertical farming (growing low crops in
multiple layers, mostly inside buildings) and urban/
peri-urban farming (the growing of plants within
and around cities) which contributes for increasing
access to food, advancing livelihoods and improving
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the environment (waste management, reduce CO,
emissions) combined with technologies such as
hydroponics, allows us to make efficient use of
space and reduce the distance our food travels to get
to consumers. Designing of improved management
(storage, packaging, processing and local marketing)
will be crucial from a value-chain perspective would
create new opportunities for job and income creation,
and is also crucial for generating access to fresh and
nutritious food to a wider urban population. Another
new and interesting development in Japan uses a
biopolymer for ‘film-farming’, which uses 90%
less water than conventional farming and offers a
viable alternative to resource-intensive horticulture.
Promotion of cold-chain management, harvest and
post-harvest management would require cluster
identification of horticulture produce and creation
of infrastructure for aggregation of the produce, pre-
conditioning-cleaning, sorting, grading, packaging,
transport and/or storage facilities, processing and
market linkages. Mandis need to have pledged
facilities to avoid distress sale. To enhance the
delivery effectively, there is a need for innovations
to be scaled in PPP mode for better adoption in
horticulture. Involvement of youth for technical
backstopping, input supply will be helpful. Further, a
thrust on secondary agriculture would be beneficial,
as farmers can fetch higher price for their produce
subjected to value-addition.

R&D for using cutting-edge technologies like
genomics, proteomics, metabolomics, phenomics
for genetic improvement need to be adequately
funded. Concerted efforts need to be made to
reorient breeding programs to target the traits
like enhanced productivity, seedlessness, canopy
architecture,