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DISCLAIMER

This document aims to provide a framework for the efficient and effective conservation of genetic resources of Capsicum
crops. The Crop Trust supported this initiative and commissioned the World Vegetable Center and the San Diego Botanic
Garden to coordinate the development of the strategy. The overall objective is to outline shared responsibilities and needs for
the long-term conservation of these genetic resources and to facilitate their use for food security and sustainable agriculture.
The Crop Trust considers this document to be an important framework for guiding the allocation of its resources. However,
the Crop Trust does not take responsibility for the relevance, accuracy or completeness of the information in this document
and does not commit to funding any of the priorities identified. This strategy document (26 September 2022) is expected to
continue to evolve and be updated as and when circumstances change or new information becomes available. Please direct
any specific questions and/or comments to the strategy coordinators Derek Barchenger (derek.barchenger@worldveg.org) and
Colin Khoury (ckhoury@sdbgarden.org).
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EXECUTIVE SUMMARY

Chile peppers are used worldwide as a vegetable,
spice, medicine, colorant, and chemical deterrent.
They are consumed daily by approximately a quarter
of the world'’s population. There are five domesti-
cated taxa and ca. 37-40 wild taxa in the chile pepper
(Capsicum L.) genus. Chile peppers are typically a
high value crop, providing economic benefits to both
smallholders and larger-scale farmers. Over the past
60 years there have been increases in both harvested
area and tonnage for both fresh or green and dry
red chile pepper globally, with particular increases in
Asia, where more than two-thirds of production now
occurs. Chile peppers are also a highly traded com-
modity worldwide.

Substantial Capsicum genetic resources are con-
served ex situ in international, national, and subna-
tional genebanks, universities, botanic gardens, seed
conservation organizations, and other institutions

Capsicum diversity. Photo: World Vegetable Center

worldwide, with over 50,000 accessions in total. It is
not currently clear, or straightforward to clarify, what
proportion of these represent distinct and unique
accessions, although stakeholder surveys conducted
during the development of this strategy indicate that
many collections are considered to be highly distinct/
unique. Several collections stand out in terms of
numbers of accessions, species-level diversity, and/or
diversity in terms of countries of origin of samples.
These include the World Vegetable Center (Worl-
dVeg), the USDA Plant Genetic Resources Conservation
Unit (USA), the Centre for Genetic Resources (Neth-
erlands), the Leibniz Institute of Plant Genetics and
Crop Plant Research (IPK)/Information and Coordina-
tion Centre for Biological Diversity (IBV) (Germany),
Embrapa (Brazil), New Mexico State University (USA),
the Institute for Agrobotany (RCA)/Centre for Plant
Diversity (Hungary), the Centro Agronémico Tropical
de Investigacion y Ensenanza (CATIE), the Departa-
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mento Nacional de Recursos Fitogenéticos (Ecuador),
the Instituto Nacional de Innovacién Agropecuariay
Forestal (Bolivia), the Research Centre for Vegetable
and Ornamental Crops (Italy), the Taiwan Agricultural
Research Institute (Taiwan), the National Agriculture
and Food Research Organization Genebank (Japan),
the Universitat Politécnica de Valéncia (Spain), the
Corporacion Colombiana de investigacion Agropec-
uaria (AGROSAVIA) (Colombia), and the Centre de
Ressources Biologiques Légumes, Institut national de
recherche pour I'agriculture, I'alimentation et I'en-
vironnement (INRAE) (France). This list should not
be considered comprehensive of all collections with
notable or important Capsicum diversity. It is evident
that Capsicum collections worldwide are not fully
reported in global databases; likewise, the infor-
mation contained within these databases may not
be fully updated or accurate. Moreover, the stake-
holder surveys returned during this strategy process
were not comprehensive of all Capsicum collections
worldwide, with particularly notable gaps for collec-
tions in Mexico and other parts of Mesoamerica, the
Caribbean, as well as South America, and important
secondary regions of diversity in Asia such as China,
Korea, and India.

Regarding taxonomic representation of Capsicum in
ex situ conservation, the cultivated taxa are clearly
much better represented than the wild species, as
with most crop genepools, and likely comprise around
97-99% of all Capsicum accessions worldwide. Rep-
resentation of cultivated taxa generally reflects their
global importance and geographic spread. Conversely,
the wild species are generally extremely poorly rep-
resented ex situ, with only a few exceptions. Further
collecting of the wild species is clearly needed to
improve their representation in ex situ conservation
and their availability and accessibility for research.
Further collecting within taxonomic hotspots, namely
Brazil, Andean countries, and parts of Mesoamerica, is
of particular importance and may provide a focus for
efficient conservation of multiple taxa and ecotypes.

Existing gaps in collections have been identified at
species/taxa, genetic, ecogeographic, varietal, trait,
and other levels. The Capsicum community engaged in
this strategy identified a series of ways in which fur-
ther acquisition may proceed, toward the larger goal
of greater representation of Capsicum diversity within
ex situ collections globally. Collaboration to this end
is key, including by international and regional insti-
tutions partnering with national genebanks to jointly
conduct field collection. Recognizing current policy
challenges to bilateral exchange of Capsicum genetic
resources, international facilitation by organizations
such as the Crop Trust may be extremely helpful in
negotiating such partnerships and in organizing
funding.

Long-term storage infrastructure exists for the great
majority of collections and their accessions, while
medium- and short-term conditions supplement the
long-term infrastructure. Further efforts should be
made to enhance long-term conservation for all dis-
tinct accessions, either at their current sites or through
duplication at institutions already having long-term
storage infrastructure. Likewise, further efforts to
improve storage materials (e.g. aluminum packets)
and processes (i.e. temperature and humidity stan-
dards) should be made for collections not currently
following optimum practices. For many collections,
pests and diseases present challenges to storage and
maintenance, and further efforts to limit their nega-
tive impacts are important.

Almost 40% of Capsicum accessions on average world-
wide presently require urgent regeneration, according
to stakeholder survey respondents, with some insti-
tutions reporting up to 100% of accessions requiring
urgent regeneration. Further efforts — and therefore
resources — are clearly needed to reduce the propor-
tion of accessions urgently needing regeneration.

A substantial proportion of Capsicum accessions
globally have been characterized for phenotypic
characters. This is good news for their potential

value for crop breeding, and further efforts should

be made to complete characterization of collections.
There may be a disconnect, though, between basic
characters recorded and those of most importance to
crop breeders, thus more interaction may be in order,
including potentially an update to characterization
guidelines for Capsicum genetic resources. Much less
data currently exists on evaluation for biotic and abi-
otic stresses, and on genetic characterization. Funding
for evaluation and genotyping is less easily found than
for phenotypic or basic characterization. Relatively
few Capsicum collections currently can and will be
able to continue to afford continuous screening for
disease and other biotic pressures, which appear to be
increasing.

As Capsicum diversity can be conserved as seed,
existing facilities appear to be capable of providing
safety duplication of chile pepper collections globally,
including at the Svalbard Global Seed Vault (SGSV)
and at WorldVeg and the Centro Agronémico Trop-
ical de Investigacion y Ensefianza (CATIE), as well

as at several national genebanks. Global genetic
resources databases indicate that around 18% to
37% of Capsicum accessions globally are currently
safety duplicated. The SGSV currently holds over
6000 Capsicum accessions; this may represent around
13% of the total worldwide. The stakeholder surveys
indicate that around 41% of accessions on average
are already safety duplicated, although considerable
variation exists across institutions, with more than one
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quarter of institutions having no safety duplication of
their Capsicum collection and an additional 5% being
unaware of the status of safety duplication.

As with acquisition, regeneration, characterization,
and safety duplication, collaboration on documen-
tation and information management may help to
resolve current limitations, although national and
international policies on genetic resources and asso-
ciated information may constrain such collaboration
in some cases. A variety of free tools and programs,
for example the GRIN-Global software for collections
management, are available, including with ongoing
development and support, and these are increasingly
linkable/communicable with global databases such as
Genesys. Further capacity building on the value and
operation of these tools may aid in further adoption.

The substantial collections of Capsicum in interna-
tional and regional centers such as WorldVeg and
CATIE, as well as in public national genebanks, particu-
larly in North America and in Europe, enable a global
system of facilitated and widespread access to Cap-
sicum genetic resources, including online information/
ordering systems and free or low-cost distributions.
Due to the mandates of these institutions, these
Capsicum genetic resources are largely accessible
under the SMTA of the International Treaty on Plant
Genetic Resources for Food and Agriculture, foregoing
the need for bilateral negotiations under the Nagoya
Protocol in most cases, even though Capsicum is not
listed in Annex 1 of the ITPGRFA. These are likely
among the reasons why Capsicum genetic resources
are distributed at a relatively high rate, compared to
many other fruit and vegetable crops. For other ex situ
repositories, facilitated international access to Cap-
sicum genetic resources is currently much more lim-
ited, with corollary reductions in annual distributions.
This said, substantial within-country distributions are
occurring in some countries and regions, supporting
national and sub-national research efforts. Several
types of users are working with Capsicum genetic
resources, including academics, public breeding pro-
grams, research institutions, government departments,
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farmer organizations, private industry, non-govern-
mental organizations, and other genebanks.

Improving access to Capsicum genetic resources is

not simple or straightforward, as it is often linked

to national and institutional policy, which is largely
outside the responsibilities and power of Capsicum
genetic resources practitioners. All efforts to motivate
more open sharing of these resources are important,
including by advocating for the inclusion of Capsicum
within Annex 1 of the ITPGRFA, based on its clear
international importance. Steps to reduce constraints
caused by pests and diseases, in particular viruses, are
also important to increase the availability of Capsicum
genetic resources.

In addition to the challenges to the conservation and
use of Capsicum genetic resources mentioned above,
stakeholders identified lack of funding, lack of staff
capacity, and inadequate facilities as major factors
limiting the abilities of many collections to perform
optimally. None of these are simple to resolve in a
global context of limited and often declining funding
for biodiversity conservation and agricultural research.

Collaboration offers some potential to mitigate these
enormous and fundamental challenges, particularly
through capacity building. Further efforts should be
made to share information, tools, and methods for the
conservation of chile pepper resources, while reduc-
tions in unnecessary duplication of efforts could also
be explored. For these steps to be taken, members

of the global Capsicum genetic resources community
need more opportunities to get to know one another
and to build an atmosphere of trust and collabora-
tion. Global-level projects focused on creating and
strengthening networks within the Capsicum commu-
nity, as well as building capacities and addressing con-
straints related to the management and acquisition,
regeneration, characterization and evaluation, safety
duplication, documentation and information systems,
and access will likely be very useful, if not essential, to
further progress.






INTRODUCTION

1.1 Rationale

As part of an initiative led by the Global Crop Diversity
Trust (Crop Trust) and funded by the Federal Ministry
of Food and Agriculture of Germany, a conservation
and use strategy has been developed for the genetic
resources of crops in the Capsicum L. genus. This
strategy provides information on the current status of
Capsicum genetic resources and outlines a framework
for enhancements to their conservation and accessi-
bility for use. While this strategy has been published
(dated 21 October 2022), the process is intended to
be ongoing, with updates as circumstances change or
when important new information becomes available.

The strategy begins by providing summary back-
ground information on Capsicum crops. It then
documents the current status of conservation and use
of Capsicum genetic resources, based on published
literature and online databases as well as commu-
nity surveys and stakeholder meetings. The strategy
concludes by outlining the further steps needed to
strengthen the conservation and accessibility for use
of these resources, with focus on collaborative efforts.

1.2 Methods and data sources

The development of this strategy took place between
April 2021 and April 2022, facilitated by Derek W.
Barchenger of WorldVeg and Colin K. Khoury of the
San Diego Botanic Garden and the International
Center for Tropical Agriculture (CIAT) and coordinated
by Peter Giovannini of the Crop Trust.

Summary information was synthesized from published
literature, online databases, and direct communica-
tions with taxonomists and crop breeders on: the ori-
gins and history of Capsicum crops; their current eco-
nomic, nutritional, and cultural importance; and the
diversity and genetic resources within the genus. Data
on the current status of conservation and accessibility
for use of Capsicum genetic resources were compiled
from pertinent online genetic resource databases, a
Capsicum genetic resource community survey, and
Capsicum genetic resource stakeholder meetings.

Regarding online genetic resource databases, infor-
mation on Capsicum was retrieved from the Genesys

plant genetic resources portal (Global Crop Diversity
Trust 2022), the World Information and Early Warning
System on Plant Genetic Resources for Food and
Agriculture (WIEWS) of the United Nations Food and
Agriculture Organization (FAO 2022b), the Botanic
Gardens Conservation International PlantSearch data-
base (BGClI 2018), the Global Biodiversity Information
Facility (GBIF) (GBIF 2022), and the Seed Portal of the
Svalbard Global Seed Vault (Nordgen 2022).

A Capsicum genetic resources survey (Annex 1) was
developed for this strategy by the facilitating authors
and distributed to genetic resource institutions/prac-
titioners, who were identified based on reported
holdings in existing databases, relevant literature, and
the authors’ knowledge of collections worldwide. The
survey was made available both through an online
survey platform (Survey Monkey) and through an
emailed Microsoft Word document, and contained 65
questions relevant to the current status of collections,
as well as perceived future trends. A total of 40 sur-
veys were returned and the data was processed by the
facilitating authors for inclusion in this strategy.

Capsicum genetic resource stakeholder meetings
were conducted on January 11-13, 2022 to report the
synthesized results of the genetic resource surveys and
provide a forum for discussion on the status of Cap-
sicum genetic resources worldwide, as well as future
goals, challenges, and needs. All respondents to the
surveys were directly invited to participate, while an
open invitation was also made to all known Capsicum
genetic resource institutions, as well as to relevant
taxonomists, plant breeders, and other experts. These
meetings were repeated twice (at different hours)
within this timeframe to enable as many stakeholders
as possible worldwide to participate. The meetings
were attended by a total of 64 participants from 36
countries. The meetings occurred virtually (on Zoom)
in light of the ongoing SARS-CoV-2 pandemic.

Following the stakeholder meetings, the facilitating
authors drafted the strategy based on information
drawn from all project activities and data sources.
The draft strategy was distributed to stakeholders
and inputs were received and incorporated prior to
finalization. The Crop Trust conducted final technical
and copy edits.
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OVERVIEW OF CAPSICUM CROPS AND THEIR

WILD RELATIVES

2.1 Origins and history

The chile pepper genus, Capsicum L, originated in
South America in an arid regionincluding areas of
southern Brazil, Bolivia, Paraguay, and northern
Argentina (Pickersgill 1984). This region continues to
hold the highest in situ concentration of wild chile
pepper taxa, as well as cultivated areas of all major
domesticated species (Pickersgill 1984; Walsh and Hoot
2001). The genus dispersed from this region, initially
likely by birds and later also by people, throughout
the neo-tropics and -subtropics (Bosland and Votava
2012; Carrizo Garcia et al. 2016; Noss and Levey 2014).
Documented uses of wild chile peppers by people date
as early as 8,000 to 10,000 years ago (Davenport 1970;
Heiser 1969; Pickersgill 1966). Domesticated forms

and human dispersal within the Americas, including
to parts of the Caribbean, have been documented
from at least 6,000 years ago, making chile pepper
one of the earliest domesticated crops of the Americas
(Aguilar-Melendez et al. 2009; Eshbaugh 2012; Jarret
et al. 2019; Perry and Flannery 2017; Perry et al. 2007;
Pickersgill 1969, 1977; Walsh and Hoot 2001).

Originally used primarily for medicinal and ceremonial
purposes, chile peppers became an important spice
and vegetable for diverse Indigenous peoples across
the tropics and subtropics of the Americas (Bosland
and Votava 2012; Luna-Ruiz et al. 2018; Smith 1967).
Perry et al. (2007) identified Capsicum-specific starch
grains at seven separate sites ranging from Southern
Peru to the Bahamas, dating to more than 6,000 years
ago. Knowledge of the culinary uses of chile pepper

is derived from such archeological artifacts, reports
from early European explorers, botanical observa-
tions, and even uses among modern populations
living in the region where chile peppers were first
cultivated (DeWitt 2020). Such work has demonstrated
that maize (Zea mays L.) and chile pepper occurred
together within an ancient food complex that pre-
dates pottery in some regions (Perry et al. 2007).

Chile pepper plays a role in the creation myth of the
Inca peoples in Peru (de la Vega 1609) and the Cora
peoples in Mexico (Nabhan 1985), among others. In
addition to being used for medicine and for ceremo-
nial purposes, the fruits were also reported to serve
as a currency. Chile peppers were used as taxation or
tribute by the Aztecs and the Incas, a practice which
was later adopted by the Spanish colonizers (Duran
1588). Into the 20th century, the fruits were used to

barter for goods in Central America, for example with
twelve chile peppers being worth around ten grams of
salt or four onions (McBryde 1933, 1944).

Chile pepper was largely, or more likely wholly,
unknown outside of the Americas prior to the 15th
century. Peter Martyr wrote in 1493 that Columbus
had brought home “pepper more pungent than that
of the Caucasus” (Andrews 1984). The novel spice

was rapidly incorporated in local cuisines not only in
Europe but across Africa and Asia (Bosland and Votava
2012). In some places in India and China, for example,
chile pepper became the principal or dominant spice.
This adoption was so extensive in East Asia that early
taxonomists erroneously identified China as a region
of origin for the crop and included the country in the
scientific name of one of the domesticated species (i.e.
Capsicum chinense Jacq., named in 1777).

Recent genotype-by-sequencing (GBS)-derived single
nucleotide polymorphism (SNP) analysis of more than
10,000 Capsicum accessions held in genebanks around
the world has shed further light on the dissemination
patterns of Capsicum crops (Tripodi et al. 2021). The
authors found chile pepper was clearly a desirable
and widely tradable cultural commodity, spreading
rapidly throughout the globe along major maritime
and terrestrial trade routes, particularly those of

the Spanish and the Portuguese in the 16th century.
Marker associations and possible selective sweeps
affecting traits such as heat (capsaicinoid production)
were observed, and these traits were non-uniformly
distributed around the world, suggesting that human
preferences exerted a major influence on the genetic
structure of domesticated chile pepper. These findings
strongly support previous hypotheses regarding the
dissemination of Capsicum from the Americas to the
rest of the world (Bosland and Votava 2012), including
via the Portuguese empire trade routes connecting
coastal colonies in Brazil, Africa, India, and China (Rus-
sell-Wood 1998) and the “silver route,” connecting
Spanish colonies of Peru and Mexico to China (Flynn
and Giraldez 1994).

2.2 Current economic, nutritional, and
cultural importance

Today, chile peppers are used worldwide as a vege-
table, spice, colorant, pharmaceutical, and chemical
deterrent (Wall and Bosland 1998). They are consumed
daily by approximately a quarter of the world’s pop-
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ulation (Halikowksi Smith 2015). Some chile pepper
varieties have exceptionally high levels of provitamin
A (Guzman et al. 2011; Kantar et al. 2016), and thus
can make a significant contribution to fulfilling that
nutritional requirement. Chile peppers are typically a
high value crop (DeWitt and Bosland 1993), providing
economic benefits to both smallholders and larg-
er-scale farmers (Kahane et al. 2013).

A number of wild Capsicum taxa continue to be
harvested from nearby populations and sold in local
and regional markets. For example, fruits of Capsicum
eximium Hunz. and the wild progenitor Capsicum bac-
catum L. var. baccatum are in demand in Bolivia due
to their unique taste profiles, thus providing market
opportunities for local communities (van Zonneveld et
al. 2015). In Mexico, flavors produced by the wild pro-
genitor taxon Capsicum annuum L. var. glabriusculum
(Dunal) Heiser & Pickersgill makes them highly sought
after, with consumers paying premiums for more fla-
vorful fruit (Villalon-Mendoza et al. 2014).

According to the Food and Agricultural Organization
(FAO) of the United Nations, in 2020, total global
production of chile pepper was 40,294,201 tonnes on
an area of 3,685,130 ha, of which 36,136,996 tonnes
produced on 2,069,990 ha was green or fresh pepper
or sweet pepper, and 4,157,205 tonnes produced on
1,615,140 ha was chile pepper for the dry/powder
market (FAO 2020a). Over the past 60 years there
have been increases in both harvested area (Figure
2.1) and tonnage (Figure 2.2) for both fresh or green
and dry red chile pepper globally. There was a sub-
stantial increase in production, particularly for fresh
green chile pepper, in the mid-1990s, and in the early
2000s the total hectarage of production of fresh green
chile pepper surpassed that of dry red chile pepper.
This growth was mostly located in China, which has
seen a major increase in production of fresh green
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500000 +

chile pepper in the last 20 years, whereas most other
countries have seen an overall decrease in produc-
tion (Figure 2.3). India, Indonesia, Mexico, Spain and
Turkey have also had notable increases in production
over the past 20 years.

Approximately 68% of the total area and 67% of the
total tonnage of chile pepper was produced in Asia in
2020, followed by Africa (21% and 12%, respectively),
the Americas (8% and 12%, respectively), Europe (3%
and 9%, respectively) and Oceania (0.06% and 0.11%,
respectively). The estimated per capita consumption of
chile pepper was also highest in Asia (6 kg/person/yr),
while it was relatively consistent across Africa (4.2 kg/
person/yr), the Americas (4.7 kg/person/yr) and Europe
(4.8 kg/person/yr). Oceania currently has the lowest
per capita consumption, with an estimated 1.02 kg/
person/yr. At the country level, China was the largest
producer of fresh market or green chile pepper by

far, with 16,650,855 tonnes produced on an area of
734,961 ha, followed by Mexico (2,818,443 tonnes),
Indonesia (2,772,594 tonnes), Turkey (2,636,905
tonnes), and Spain (1,472,850 tonnes). The largest
producer of chile pepper for the dry or powder
market was India, with 1,702,000 tonnes produced on
683,000 ha, followed by Thailand (322,886 tonnes),
China (307,593 tonnes), Ethiopia (295,981 tonnes), and
Bangladesh (157,607 tonnes).

Worldwide, chile pepper is an important cash crop,
with a high farmgate value; being able to access the
fresh and processing markets provides farmers mul-
tiple profit opportunities (Bosland and Votava 2012).
In general, chile peppers are produced by smallholder
farmers, with less than 2 ha, particularly in lower and
lower middle-income countries, which are often the
largest chile pepper producers and consumers. For
example, in one of the largest chile pepper producing
regions, Bogra (Bangladesh), the average chile pepper

e Dry red
esmm Fresh/green

Figure 2.1. Total area harvested of chile pepper, globally, from 1961 to 2020. Data from FAO (2022a).
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farm size is 0.06 ha (Islam et al., 2020). For small-
holders, chile pepper serves as an important source

of revenue and is a significant contributor to socio-
economic mobility. The crop is often produced in a
rotation with a grain such as rice or wheat, and can be
grown in very small holdings near the home, pro-
viding income for women and other vulnerable and
marginalized members of society.

Globally, chile pepper is a highly traded commodity,
with 118 countries being net importers (Figure 2.4)
and 34 countries net exporters (Figure 2.5). On a cash
value basis, the United States is the largest importer
of chile pepper, closely followed by China and then
Thailand, Spain, and Mexico. India is by far the largest
exporter of chile pepper on a cash value basis, pre-
dominantly dry chile powder, followed by China,
Spain, and Peru (Figure 2.6) (BACI, 2021).
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Chile peppers continue to have extremely high cul-
tural significance worldwide. They are relished for the
burning sensation they cause when consumed, but
also because of the unique flavors, aromas and colors
they add to cuisine. Aji amarillo (Capsicum baccatum
L. var. pendulum (Willd.) Eshbaugh) and rocoto (Cap-
sicum pubescens Ruiz & Pav.) are synonymous with
the food of Peru, while paprika (Capsicum annuum

L. var. annuum) has a “second and, at the same time,
true home in Hungary” (Halasz 1963). Across Asia,
chile peppers are a part of the daily cuisines in many
cultures from: as far north as Korea, where it is an
essential ingredient in kimchi; as far south as Indo-
nesia, where sambal (Capsicum frutescens L.) is eaten
with nearly every meal; westward, with sivri biber

(C. annuum var. annuum) being a mainstay of Turkish
cooking; and practically everywhere in between. Mem-
bers of the species Capsicum chinense Jacq. are widely

@» Dryred
@ Fresh/green
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Figure 2.2. Total production (tonnes) of chile pepper, globally, from 1961 to 2020. Data from FAO (2022a).

Difference in production (Tonnes) of chile pepper
between 2020 and 2000
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Figure 2.3. Difference in production (tonnes) of chile pepper (summed value of red dry and fresh green) between 2020 and 2000. The
darker the blue scale color, the greater the increase in production that has occurred during the last 20 years; the darker the red, the
greater the decrease. Data are not available for countries in gray. Data from FAO (2022a). Map made with Datawrapper.de
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Import of chile pepper in USD

32 to 500
500 to 5K
5K to 50K
50K to 500K
500K to 5M
5M to 50M
50M to 500M
No Data

-~

Figure 2.4. Degree of import in USD of chile pepper per country based on the International Trade Database at the Product-Level (BACI)
database with data from 1995-2019. Darker colors display higher degrees of import.
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Figure 2.5. Degree of export in USD of chile pepper per country based on the International Trade Database at the Product-Level (BACI)
database with data from 1995-2019. Darker colors display higher degrees of export.
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Figure 2.6. Net export of chile pepper in USD per country based on the International Trade Database at the Product-Level (BACI)
database with data from 1995-2019
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consumed and prized for their very high levels of
capsaicinoids (being “super hot”) and unique strong
flavor on both sides of the Atlantic Ocean, especially
in West and Central Africa and in the Caribbean. It has
been stated that chile pepper is a defining feature of
the New Mexican culture in the United States (Lozada
et al. 2022). Chile peppers are celebrated in a multi-
tude of ways in the state: it is one of the official state
vegetables, and the official state question is “Red or
Green?”, referring to the preference for physiologi-
cally mature or immature chile peppers. There are also
annual festivals and conferences dedicated to the crop
in New Mexico, and this culture has spread across the
region and increasingly across the country.

2.3 Diversity and genetic resources

Capsicum contains five main domesticated chile

pepper taxa (Bosland and Votava 2012; Walsh and

Hoot 2001):

1. Capsicum annuum L. var. annuum

2. Capsicum baccatum L. var. pendulum (Willd.) Esh-
baugh [incl. syn. Capsicum baccatum L. var. umbili-
catum (Vell.) Hunz. & Barboza]

3. Capsicum chinense Jacq.

4. Capsicum frutescens L.

5. Capsicum pubescens Ruiz & Pav.

Among the domesticated species, C. annuum var.
annuum is the most widely grown and studied. The
genus also includes ca. 37-40 wild taxa (with a few
very recently described), some of which are also occa-
sionally cultivated in home gardens (Table 2.1) (Baral
and Bosland 2002; van Zonneveld et al. 2018; Khoury
et al. 2019; Barboza et al. 2022). Both C. annuum var.
annuum and C. baccatum var. pendulum have extant
putative progenitors (Capsicum annuum var. glabri-
usculum (Dunal) Heiser & Pickersgill and C. baccatum
L. var. baccatum, respectively); the progenitors of the
remaining domesticates have not been identified.

Three genetic (species) complexes have been recog-
nized within the genus, based on genetic relatedness
and reproductive compatibility with the domesticated
taxa (Barchenger and Bosland 2019; Emboden 1961;
Eshbaugh 1970; Heiser and Smith 1948; Pickersgill
1971, 1980; Scaldaferro 2019; Tong and Bosland 1999).
Each of these complexes contain both domesticated
and wild taxa.

1. Annuum: Member species of the annuum complex
generally have white, greenish, or yellowish (and
occasionally purple) flowers, and include the crop
species C. annuum var. annuum, C. chinense, and
C. frutescens.

2. Baccatum: Members of the baccatum complex
typically have white flowers with yellow to green
corolla spots.

3. Pubescens: Members of the pubescens complex
have purple flowers.

While comprehensive crossability studies between

all species in the genus have yet to be completed
(Barchenger and Bosland 2019), successful hybridiza-
tions are known among various species (Scaldaferro
2019), including between those belonging to different
complexes (Walsh and Hoot 2001; Parry et al. 2021).
Provisional clades of Capsicum species, based on their
positions in phylogenetic trees derived from sequence-
based molecular markers, have also been described
(Carrizo Garcia et al. 2016). Genetic relatedness
classifications based on inter-fertility research, supple-
mented by taxonomic, phylogenetic, and ploidy infor-
mation, provide partial indications of the genepools
of the domesticated species (Table 2.1) (USDA ARS
NPGS 2019).

Efforts to understand the diversity among Capsicum
material from different regions around the world
began in earnest around the mid-2000s. Studies

first on morphological traits and later using basic
molecular markers such as simple sequence repeat
(SSR) (Nicolai et al. 2013) and more recently genomic
sequencing (Colonna et al. 2019; Pereira-Dias et al.
2019; Tripodi et al. 2021) have revealed quite consis-
tent findings, indicating that some key traits, such as
earliness, fruit morphology (shapes, sizes, color), and
capsaicinoid production (Lee et al. 2016; Hill et al.
2013; Nicolai et al. 2013; Colonna et al. 2019; Tripodi
et al. 2021), were selected early on within a given
region and often define the regional chile pepper
market (Nankar et al. 2020b).

In the primary region of diversity in South America,
there are several genetic groups among the domes-
ticated types in addition to the wild species. For
example, Ibiza et al. (2012) studied Capsicum acces-
sions from the Andean region and found that in

C. baccatum and C. pubescens, the Bolivian and Ecua-
dorian accessions formed generally distinct groups,
with the Perurvian accessions landing within both
groups. Looking at a more diverse set of samples of

C. baccatum, Albrecht et al. (2011) found two distinct
clusters, one comprising accessions from Bolivia, Chile,
Colombia, Ecuador, Peru, and northwest Argentina
and a second group from eastern Argentina and Par-
aguay. Brazil likely comprises at least one additional
distinct group of C. baccatum (Albrecht et al. 2012).
These two species are produced in significant quanti-
ties only within South America;having multiple distinct
genetic groups demonstrates their strong cultural
significance and importance in the Americas.

For C. chinense, Peruvian accessions generally form a
distinct cluster, while Ecuadorian and Bolivian acces-
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sions tend to be more closely related (Ibiza et al.,
2012), while Brazil (Baba et al. 2016; Moreira et al.,
2018) and the Yucatan (Lopez-Castilla et al., 2019) and
the Caribbean likely represent independent clusters.
West and Central Africa also represents a significant
secondary region of diversity for C. chinense; how-
ever, studies on the relatedness between these types
and those of the Americas is lacking. There are also
pockets of production of C. chinense across Asia, and
the limited research in this area has revealed they
likely also represent a unique genetic group (Jha and
Bhowmick, 2021; Rai et al., 2013), potentially being
natural interspecific hybrids with the closely related
C. frutescens (Bosland and Baral, 2007; Kehie et al.,
2016; Rai et al., 2013).

In Mesoamerica, there are several major genetic
groups of wild, semi-wild (e.g. wild species some-
times cultivated in home gardens), and domesticated
C. annuum, with accessions from the Yucatan forming
a unique clade separate from the accessions from the
rest of Mexico (Aguilar-Melendez et al., 2009) and
northwestern Mexico having particularly high levels of
genetic variation (Pacheco-Olvera et al. 2012). In North
America, landraces from the southwest United States

and northern Mexico form genetically distinct groups,
despite being in relatively close proximity (Votava et
al., 2005). Similarly, for the wild progenitor C. annuum
var. glabriusculum, the northernmost populations are
genetically distinct from those originating in Mexico
and Guatemala (Votava et al. 2002).

There are likely two major European secondary
regions of diversity for chile pepper (C. annuum)

(Lee et al. 2016): the Central and Eastern European
group, which also includes types from Turkey (Nicolai
et al. 2013), and the Mediterranean European group
(Pereira-Dias et al. 2019) which also includes some
types from the Netherlands (Nicolai et al., 2013) and
areas of North Africa and the Middle East (Tripodi

et al. 2021). In regions where these two groups are
grown, landraces (traditional or farmer varieties) are
still produced for niche markets (Nankar et al. 2020a).
Members of these groups are generally well conserved
ex situ and on farm (Nanker et al. 2020a) and are
among the most well characterized groups of Cap-
sicum accessions worldwide.

The Asian groups are generally distinct from the
European groups of C. annuum (Lee et al. 2016). The

Table 2.1. Capsicum L. taxa and their known chromosome numbers, clades, complexes, genetic relative/potential genepool clas-
sifications, and domestication/cultivation status. Derived from Khoury et al. 2019 with updates as per Barboza et al. (2020) and

(2022).
Genetic rela-
Taxon Chromosome Clade’ Complex? tive/potential W|Id_ or \
(n) genepool domesticated
classification?
Capsicum annuum L. var. annuum 12 Annuum Annuum B2, P3 Domesticated
Capsicum annuum L. var.
glabriusculum (Dunal) Heiser & 12 Annuum Annuum A1, B2, P3 Wild
Pickersgill
gapsmum baccatum L. var. 12 Baccatum Baccatum A2, B1, P3 Wild
accatum
Capsicum baccatum L. var.
pendulum (Willd.) Eshbaugh
[incl. syn Capsicum baccatum L. 12 Baccatum Baccatum A2 Domesticated
var. umbilicatum (Vell.) Hunz. &
Barboza]
Capsicum benoistii Hunz. ex :
Barboza Unknown Wild
gapsmum caatingae Barboza & 12 Caatinga Wild
gra
Capsicum caballeroi M. Nee Unknown Bolivian Wwild
Capsicum campylopodium Sendtn. 13 Atlantic Forest Wild
C'apsmum. carassense Barboza & 13 Atlantic Forest Wild
Bianchetti
Capsicum cardenasii Heiser & P. 12 Purple Corolla Pubescens A3, B3, P1 Wl|d, also cultivated
G. Sm. in home gardens
Capsicum ceratocalyx M. Nee Unknown Bolivian Wild
Capsicum chacoense Hunz. 12 Baccatum Annuum A2, B2 W.'ld’ alsoiclliivated
in home gardens
Capsicum chinense Jacg. 12 Annuum Annuum A2, B2, P3 Domesticated; V.V'Id
status uncertain
Capsicum coccineum (Rusby) Hunz. Unknown Bolivian Wild
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Genetic rela-

Taxon Chromosome Clade’ Complex? tive/potential W|Id_ or \
(n) genepool domesticated
classification?
Capsicum cornutum (Hiern) Hunz. 13 Atlantic Forest Wild
(K_'apS/cum dimorphum (Miers) NA Andean Wild
untze
Capsicum eshbaughii Barboza 12 Purple Corolla P2 Wild
Capsicum eximium Hunz. 12 Purple Corolla Pubescens A3, B3, P1 il alivo @it
in home gardens
Capsicum flexuosum Sendtn. 12 Flexuosum Wwild
Capsicum friburgense Bianchetti & Uifaremin At Rores Wild
Barboza
Capsicum frutescens L. 12 Annuum Annuum A2, B2, P3 Domesticated; V.V'ld
status uncertain
Capsicum galapagoense Hunz. 12 Annuum Annuum A2, P3 Wild
Capsicum geminifolium (Dammer) 13 Andean Wild
Hunz.
Capsicum hookerianum (Miers) Unknown Andean Wild
Kuntze
Capszcum hynz:kenanum Barboza Unknown Atlantic Forest Wild
& Bianchetti
Capsicum lanceolatum (Greenm.) .
C. V. Morton & Standl. E AneEa i
Capsicum longidentatum Agra & 12 Longidentatum Wild
Barboza
Capsicum longifolium Barboza & 13 Andean Wild
S. Leiva
Capsicum lycianthoides Bitter 13 Andean Wwild
Capsicum minutiflorum (Rusby) Unknown Bolivian Wild
Hunz.
Capsicum mirabile Mart. ex
Sendtn. (syn. Capsicum buforum 13 Atlantic Forest Wild
hunz.)
Capsicum mirum Barboza Unknown Atlantic Forest Wild
Capsicum muticum (Sendtn.) Wild
Barboza
Capsicum neei Barboza & X. Reyes Unknown Bolivian Wild
Capsicum parvifolium Sendtn. 12 Caatinga wild
Capsicum pereirae Barboza & : .
Tk —— 13 Atlantic Forest wild
Capstcum piuranum Barboza & S. 13 Andean Wild
Leiva
Capsicum pubescens Ruiz & Pav. 12 Pubescens Pubescens Domesticated, V.Vlld
status uncertain
Capsicum rabenii Sendtn. (syn.
Capsicum praetermissum Heiser & 12 Baccatum Baccatum A2, B1, P3 wild
P.G. Sm.)
Capsicum recurvatum Witas. 13 Atlantic Forest wild
Capsicum regale Barboza & Bohs 13 Andean Wild
Eaps:cum rhomboideum (Dunal) 13 Andean Wild
untze
Capsicum schottianum Sendtn. 13 Atlantic Forest wild
Capsicum tovarii Eshbaugh et al. 12 Tovarii Baccatum B3 Wild
Capsicum villosum Sendtn. 13 Atlantic Forest wild

'Provisional clades of Capsicum species based on their positions in strict consensus trees using three molecular markers (Carrizo Garcia et
al. 2016 and Barboza et al. 2022). ?As outlined in Scaldaferro 2019. A denotes the crop C. annuum var. annuum; B for C. baccatum var.
pendulum, and P for C. pubescens. Taxa are assigned to genetic relative categories for these domesticated species into three groups: 1
for primary (closest relatives), 2 for secondary, and 3 for tertiary (most distant relatives in the genus). Assignments as per USDA ARS NPGS
(2019), based on crossability, phylogenetic, and other evidence. ‘Home garden use as noted in van Zonneveld et al. (2018).
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number of secondary regions of diversity in Asia is not
yet resolved. South and Southeast Asia are sometimes
combined into a single secondary region of diversity
(Hill et al. 2013; Lee et al. 2016; Tripodi et al. 2021);
however, this is likely due to an overall lack of repre-
sentation in the analyses. Probably, South and South-
east Asia represent at least two major independent
secondary regions of diversity, with multiple group-
ings within each broader region. South Asia has long
been recognized as an important secondary region

of diversity for chile pepper (IBPGR 1983) and there is
evidence that three species of Capsicum were being
cultivated in India by the mid-16th century (Heiser
1976; Purseglove 1968), which is quite soon after
introduction into the Old World. Within South Asia,
Northeast India, Bangladesh, and parts of Myanmar
represent a major secondary region of diversity of
chile pepper (Islam et al., 2016; Rai et al., 2013), as do
Northwest India and Pakistan, and South India and
Sri Lanka. Southeast Asia has also been recognized as
an important secondary region of diversity for chile
pepper, and 40 years ago, collections in Thailand and
Indonesia were listed as high priority by IBPGR (1983).
More well studied and understood is the East Asian
group of chile pepper, which comprises an additional
Asian secondary region of diversity. While East Asian
types are typically grouped together, they are quite
diverse and even within China there are region-spe-
cific groupings, with at least three major genetic
clades (Zhang et al. 2016). In the past decade or so,
there has been a shift from traditional landraces to
hybrid chile peppers across Asia, which has resulted

in the rapid loss of many traditional varieties and
landraces grown by farmers in these regions. Some
efforts have been made to collect and conserve these
landraces (Naresh Ponam, personal communication)
and Northeast India is one of the few remaining areas
with large scale landrace production.
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In addition to C. annuum, there are also large swathes
of production of C. frutescens across Asia (Yamamoto
and Nawata 2005; 2009) and Africa (DeWitt 2020).
Although not well studied and certainly not resolved,
some work in this area has demonstrated that Asian

C. frutescens are genetically similar to certain acces-
sions from specific areas in the Americas, while African
C. frutescens form a genetically distinct group (Zhong
et al. 2021), indicating a likely important secondary
region of diversity for C. frutescens in Africa. How-
ever, collection efforts and characterization of African
accessions of Capsicum is lacking. In addition to North
Africa, there are broadly two major secondary regions
of diversity in Africa: the Eastern and Southern Africa
group and the West and Central Africa group. How-
ever, similar to other parts of the world, there are
sub-regional secondary diversity areas. For example,
Ethiopia is an important producer and consumer of
chile pepper and has unique market segments that are
rare in other places, such as brown or chocolate-col-
ored chile pepper and members of C. frutescens,
which form genetically distinct groups (Solomon et al.
2019).

Geographic origin alone can be misleading when used
to define secondary regions of diversity. High levels

of overlap among types of pepper originating from
different areas have been reported (Nargele et al.
2016). Apparently, selection for traits like fruit shape
can also be important for defining genetic clades,
with similar pod-type lines collected or developed

in geographically distant regions being more closely
related than expected (Hill et al. 2013). Movement of
material internationally for use in breeding and a shift
from the production of landraces to hybrids, particu-
larly in Asia, has resulted in these traditionally distinct
secondary areas of diversity becoming more mixed
and therefore more similar.



21214 winbeor 9sof :uones||| 1 wnnuue wnajsded

=




EX SITU CONSERVATION AND USE OF

CAPSICUM GENETIC RESOURCES

3.1 Capsicum genetic resource collec-
tions

Online genetic resource databases and the results

of the stakeholder survey provide complementary
insights into current Capsicum collections, summarized
below.

Genesys plant genetic resources portal

The Genesys plant genetic resources portal currently
contains accession-level information for about 4
million genebank accessions, which is around half of
the estimated total number in the world, held in ca.
450 institutes (Global Crop Diversity Trust 2022). Many
of these collections are reported through genetic
resource networks representing multiple institutions.
For example, almost 2 million accessions in Genesys
are provided by the European Cooperative Programme
for Plant Genetic Resources (ECPGR) through their
online database (European Plant Genetic Resources
Search Catalogue [EURISCOI). In addition, many
individual international (including CGIAR genebanks,
WorldVeg, and CATIE) and national genebanks,
research institutions and smaller networks publish
their collection information on the portal. Updates are
made periodically, for example at least once a year by
the CGIAR genebanks. Accession-level data includes
passport information following Multi-crop Passport
Descriptors (MCPD) standards (Bioversity International
2015) as well as more limited quantities of character-
ization and evaluation, subsetting, and other related
data.

For Capsicum, the Genesys portal reports a total of
32,304 active accessions of a total of 17 species, held
in 73 institutes across 40 countries. Sixteen institutes
hold more than 1000 accessions each; a total of 28
hold more than 100 (Table 3.1); and a total of 53 hold
more than 10. In terms of countries, 8 contain insti-
tutes holding a combined total of more than 1000
accessions; a total of 20 countries harbor more than
100 accessions, and a total of 33 maintain more than
10 accessions. Those institutions maintaining the
greatest number of Capsicum species include: Worl-
dVeg, USDA Plant Genetic Resources Conservation
Unit, the Centre for Genetic Resources (Netherlands),
the Leibniz Institute of Plant Genetics and Crop Plant
Research (IPK) (Germany), two Embrapa institutes
(Brazil), and the Institute for Agrobotany (RCA)
(Hungary) (all with 7 or more species each). Those

institutions maintaining Capsicum accessions from

the greatest number of countries of origin include:
WorldVeg, USDA Plant Genetic Resources Conservation
Unit, the Centre for Genetic Resources (Netherlands),
and the Leibniz Institute of Plant Genetics and Crop
Plant Research (IPK) (Germany).

United Nations Food and Agriculture
Organization World Information and Early
Warning System on Plant Genetic Resources for
Food and Agriculture (WIEWS)

The World Information and Early Warning System
on Plant Genetic Resources for Food and Agriculture
(WIEWS) is “the information system used by FAO for
the preparation of periodic, country-driven global
assessments of the status of conservation and use of
PGRFA (plant genetic resources for food and agricul-
ture). WIEWS also monitors, on the basis of country
reports, the implementation of the Second Global
Plan of Action for Plant Genetic Resources for Food
and Agriculture, adopted in 2011. National Focal
Points, appointed by Governments, may provide
relevant information through a dedicated Reporting
tool.” (FAO 2022). Information on ex situ collections
in WIEWS is used to measure progress toward Sus-
tainable Development Goal 2 (Zero Hunger) under
its Target 2.5. In addition to the data from these
national focal points, WIEWS offers accession-level
data sourced from the Genesys plant genetic resources
portal and from EURISCO (separately), as well as
from the Brazilian Agricultural Research Corporation
(Embrapa)’s Alelo Genetic Resources Platform. Ex situ
collections accession-level data in WIEWS also may
include basic passport information.

As of the time of writing, the latest year for which

ex situ collection data is available in WIEWS is 2020;
in this dataset, WIEWS reports a total of 47,503
Capsicum accessions of a total of 16 species, held in
136 institutes across 79 countries (including interna-
tional centers separately). These source from national
reporting (23,825 accessions [50.2%]), as well as from
Genesys (12,559 accessions [27.1%]), EURISCO (8306
accessions [17.5%]), and EMBRAPA-Alelo (2503 acces-
sions [5.3%]). Twenty-two institutes hold more than
1000 accessions each; a total of 52 hold more than 100
(Table 3.2); and a total of 97 hold more than 10.

In terms of countries, 12 contain institutes holding a
combined total of more than 1000 accessions; a total
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Table 3.1. Institutes with Capsicum ex situ collections as reported in the Genesys plant genetic resources portal (data from 2022);
institutes are listed in descending order based on number of accessions held; only institutes with >100 accessions shown. Countries
of origin information does not count unmarked records, thus more countries of origin could potentially be represented in collec-
tions than reported.

Number of
Institute Number of = Number of countries
Institute name Country Capsicum Capsicum L
code - - of origin of
accessions species .
accessions
International,
TWNOO1 World Vegetable Center (WorldVeg) located in 8372 15 104
Taiwan
Plant Genetic Resources Conservation Unit, Southern
USA016 Regional Plant Introduction Station, University of United States 4965 13 88
Georgia, USDA-ARS (S9)
USA974 Seed Savers Exchange (SSE) United States 2321 6 2
BRAO12 Embrapa Hortalicas (CNPH) Brazil 1934 7 2
BGROO1 Institute for Plant Genetic Resources ‘K.Malkov’ (IPGR) Bulgaria 1931 3 33
DEU146 Genebank, Leibniz Institute of Plant Genetics and Crop Germany 1536 9 57

Plant Research (IPK)
HUNOO3 Institute for Agrobotany (RCA) Hungary 1192 7 22

Centre for Genetic Resources, the Netherlands Plant

NLD0O37 Research International (CGN) Netherlands 1177 10 74
- . L International,
CRIOO1 Cent[o Agrondmico Tropical de Investigacion y located in 878 6 30
Ensenanza (CATIE) h
Costa Rica
Generalidad Valenciana. Universidad Politécnica de
ESP026 Valencia. Escuela Técnica Superior de Ingenieros Spain 852 6 27
Agrénomos. Banco de Germoplasma (BGUPV)
UKRO21 Institute of Vegetable and Melon Growing (IOB) Ukraine 754 1 42
Embrapa Recursos Genéticos e Biotecnologia q
BRA0OO3 (CENARGEN) Brazil 702 4 1
Gobierno de Aragén. Centro de Investigacion y
ESP027 Tecnologia Agroalimentaria. Banco de Germoplasma de  Spain 694 3 5
Horticolas (CITA-HOR)
CZE122 Gene bank (CRI) Czechia 530 2 28
BRA020 Embrapa Clima Temperado (CPACT/EMBRAP) Brazil 431 7 1
Agricultural Plant Genetic Resources Conservation and
Sz Research Centre (ARC) Sudan 398 2 !
Research and Development Institute for Vegetables and .
ROMOT9 Floriculture Vidra (ICDLF Vidra) Romania 387 ! 6
ROMO07 Suceava Genebank (BRGV Suceava) Romania 342 4 4
POLO03 Plant Breeding and Acclimatization Institute (IHAR) Poland 334 1 19
ESP004 Centro Nacional de Recursos Fitogenéticos (INIA-CRF) Spain 315 2 6
PRT0OO1 Portuguese Bank of Plant Germplasm (BPGV-DRAEDM)  Portugal 225 4 6
MDAO010 Laboratory for Plant Genetic Resources (LPGR) Moldova 224 1 8
ARMO005 Institute of Botany Armenia 206 6 3
ARMO08 \S/Tice)ntiﬁc Center of Vegetables and Industrial Crops (SC Armenia 167 1 )
ROMO55 Research and Development Station for Vegetables - Romania 138 1 6
Bacau (SCDL Bacau)
Faculty of Agriculture, University Ss. Cyril and North
LR Methodius Macedonia L2l [ L
ARMO59 Scientific Center of Agrobiotechnology (SC AB) Armenia 111 1 10
International,
ARE003 International Center for Biosaline Agriculture (ICBA) Iocated in 107 1 9
United Arab
Emirates
Other institutes, each holding < 100 accessions each (N 960
= 45)
Total 32,304 17 (distinct 137 (distinct

species) countries)
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Table 3.2. Institutes with Capsicum ex situ collections as reported in FAO WIEWS (data from 2020); institutes are listed in
descending order based on number of accessions held; only institutes with >100 accessions shown. Countries of origin information
does not count unmarked records, thus more countries of origin could potentially be represented in collections than reported.

Number of
. Number of Number of -
Institute Institute name Countr Capsicum Capsicum countries
code y psic psic of origin of
accessions species -
accessions
International,
TWNOQO1 World Vegetable Center located in 7853 11 107
Taiwan
Plant Genetic Resources Conservation Unit, Southern .
USA016 Regional Plant Introduction Station, University of Xm‘éeridcgtates e 4965 13 88
Georgia, USDA-ARS
INDOO1 National Bureau of Plant Genetic Resources India 4445 4 27
JPN183 NARO Genebank Japan 2864 Not reported
BGROO1 Institute for Plant Genetic Resources 'K.Malkov’ Bulgaria 1918 3 33
DEU146 In.formatlon and Coordination Centre for Biological Germany 1536 9 57
Diversity (IBV)
BRAO12 Embrapa Hortalicas Brazil 1370 7 2
TUROO1 Plant Genetic Resources Department Turkey 1318 2 1
HUNOO3 Centre for Plant Diversity Hungary 1192 7 22
NLD037 Centre for Genetic Resources, the Netherlands Netherlands 1154 10 74
UACh, Banco Nacional de Germoplasma Vegetal .
MEX006 (BANGEV) Mexico 1152 2 1
MEX208 INIFAP, Centro Nacional de Recursos Genéticos Mexico 088 5 1
(CNRG)
Gobierno de Aragén. Centro de Investigacion y
ESP027 Tecnologia Agroalimentaria. Banco de Germoplasma  Spain 956 3 9
de Horticolas
_ . L International,
CRIOSS Cent[o Agrondémico Tropical de Investigacién y loaiiag] fin CosiE 882 6 31
Ensenanza (CATIE) Ri
ica
Generalidad Valenciana. Universidad Politécnica de
ESP026 Valencia. Escuela Técnica Superior de Ingenieros Spain 854 6 27
Agrénomos. Banco de Germoplasma
UKR021 Institute of Vegetable and Melon Growing Ukraine 754 1 42
BRA0OO3 Embrapa Recursos Genéticos e Biotecnologia Brazil 702 4 1
MEX213 CP, Campus Montecillo Mexico 631 1 1
MEX201 UACh, Centro Regional Universitario Sur (CRUS) Mexico 565 3 1
MEX228 INIFAP, Campo Experimental Huastecas (CEHUAS) Mexico 544 1 1
CZE122 Gene bank Czechia 530 2 28
BOL317 Instituto Nacional de Innovacién Agropecuaria y Soflivie 487 3 13
Forestal
BGD206 Lal Teer Seed Limited Bangladesh 436 2 1
BRA020 Embrapa Clima Temperado Brazil 431 1
PERO34 Estacion Experimental Agraria Donoso Peru 413 4 1
Agricultural Plant Genetic Resources Conservation
SPINE? and Research Centre S ek - 1
ECU023 Departamento Nacional de Recursos Fitogenéticos Ecuador 388 9 1
ROMO19 Research and Dev_elopment Institute for Vegetables Romania 388 1 6
and Floriculture Vidra
Instituto de Investigacion y Capacitacion
MEX194 Agropecuaria, Acuicola y Forestal del Estado de Mexico 356 4 1
México (ICAMEX)
ROMO07 Suceava Genebank Romania 342 4 4
POL0O03 Plant Breeding and Acclimatization Institute Poland 335 1 18
ETHO85 Ethiopian Biodiversity Institute Ethiopia 327 3
PEROO6 Estacion Experimental Agraria Santa Rita Peru 299 1 1
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Number of  Numberof  Number of

Institute . . . countries
Institute name Country Capsicum Capsicum .
code accessions species of origin of
P accessions
SNICS, Depositario Nacional de Referencia de "
MEX263 Semillas (DNRS) Mexico 260 3 1
BGDO003 Bangladesh Agricultural Research Institute Bangladesh 258 1 1
PAKOO1 Bio-resources Conservation Institute Pakistan 257 1 11
Corporacién Colombiana de Investigacion .
CcoLo17 Agropecuaria, AGROSAVIA Colombia 253 5 12
MNGO030 Institute of Plant and Agricultural Science Mongolia 252 1 21
PRTOO1 Banco Portugués de Germoplasma Vegetal Portugal 236 4 6
LKAO36 Plant Genetic Resources Centre Sri Lanka 230 4 1
MDAO010 Laboratory for Plant Genetic Resources Republic of 226 1 8
Moldova
ARMO059 Scientific Center of Agrobiotechnology Armenia 219 1 11
UAAAN, Centro de Conservacion de Semillas .
MEX069 Ortodoxas, Regién Norte (CC-SO) Mexico 206 2 !
NGAO10 N'atlonal Centre for Genetic Resources and Nigeria 194 ) 1
Biotechnology
ARG1350 Banco Activo de Germoplasma de La Consulta Argentina 192 3 6
UZB006 Uzbek Research Institute of Plant Industry Uzbekistan 188 1 28
UDG, Centro Universitario de Ciencias Bioldgicas y .
MEX131 Agropecuarias (UDG-CUCBA) Mexico 185 2 !
TUNO29 Banque Nationale de Genes de Tunisie Tunisia 154 2 1
ROMO55 Research and Development Station for Vegetables Romania 138 1 6
- Bacau
Faculty of Agriculture, University Ss. Cyril and North
P0G Methodius Macedonia 2l L L
International,
. R . located in
AREO003 International Center for Biosaline Agriculture (ICBA) United Arab 107 1 9
Emirates
EGY087 National Gene Bank Egypt 104 1 1
Other institutes, each holding < 100 accessions each
1950
(N =84)
Total 47,503 16 (distinct 141 (distinct

species) countries)

of 39 countries harbor more than 100 accessions, and a
total of 63 countries conserve more than 10 accessions.
Those institutions maintaining the greatest number

of Capsicum species include the USDA Plant Genetic
Resources Conservation Unit, WorldVeg, the Centre
for Genetic Resources (Netherlands), the Information
and Coordination Centre for Biological Diversity (IBV)
(Germany), the Departamento Nacional de Recursos
Fitogenéticos (Ecuador), and the Instituto Nacional

de Innovacién Agropecuaria y Forestal (Bolivia), two
Embrapa institutes (Brazil), and the Centre for Plant
Diversity (Hungary) (all with 7 or more species each).

It is likely that the German and Hungarian agencies
listed here report for those institutes listed in the
same countries as having high species richness as
documented in the Genesys dataset (Table 3.1). Those
institutions maintaining Capsicum accessions from the
greatest number of countries of origin include Worl-
dVeg, the USDA Plant Genetic Resources Conservation
Unit, the Centre for Genetic Resources (Netherlands),

and the Information and Coordination Centre for Bio-
logical Diversity (IBV) (Germany).

Botanic Gardens Conservation International
PlantSearch

The Botanic Gardens Conservation International Plant-
Search database provides global reporting of plant,
seed, and tissue collections primarily from “living
plant collections” (i.e. botanic gardens, arboreta, etc.)
(BGCI 2022). PlantSearch currently reports information
for more than 1.5 million records for over 640,000 taxa
held at 1,194 institutions. These records provide basic
information simply noting that an institution holds

a taxon; specific numbers of accessions and passport
data are not currently accessible. Among other pur-
poses, PlantSearch is used to measure progress toward
Target 8 of the Global Strategy for Plant Conserva-
tion by tracking threatened species representation in
botanical collections globally.
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For Capsicum, PlantSearch reports 866 records for a
total of 15 species, held in 135 institutes across 42
countries (BGCI 2018). These institutes are primarily
botanic gardens (823 records [95%]), while a few
networks (25 [2.9%]), gene/seedbanks (8 [0.9%]),
zoos (1 [0.1%]), and other organizations (9 [1%]) are
also represented. No institutes in PlantSearch report
more than 100 records; 19 institutes report more than
10 species records. In descending order in terms of
number of records, these include: Bokrijk Arboretum
(Belgium), United States National Arboretum, Eden
Project (United Kingdom), Denver Botanic Gardens
(United States), Royal Botanic Gardens, Kew (United
Kingdom), Conservatoire et Jardin botaniques de

la Ville de Genéve (Switzerland), Botanische Garten
der Universitat Bonn (Germany), Jardi Botanic de
Soller (Spain), Longwood Gardens (United States),
Botanical and Experimental Garden, Radboud Uni-
versity (Netherlands), Moore Farms Botanical Garden
(United States), Jardin Botanique Yves Rocher (France),
National Plant Germplasm System - USDA-ARS-NGRL
(United States), Botanical Garden, Natural History
Museum of Denmark (Denmark), Naples Botanical
Garden (United States), Jardins des Plantes de |I'Uni-
versité (France), Cornell Botanic Gardens (United
States), National Arboretum Canberra (Australia), and
Glasgow Botanic Gardens (United Kingdom). Like-
wise, in terms of countries, none hold more than 100
records as reported in PlantSearch; a total of 10 hold
more than 10 accessions.

Those institutes listed in PlantSearch reported as
curating the greatest numbers of species include: the
USDA National Plant Germplasm System (13 species),
the Botanical and Experimental Garden of Radboud
University and the Botanische Garten der Universitat
Bonn (11 species each), the U.S. National Arboretum
(6 species), and the Conservatoire et Jardin botaniques
de la Ville de Geneve, Eden Project, Jardin Botanique
de la Ville de Caen, Jardins des Plantes de I'Université,
and Naples Botanical Garden (5 species each).

Global Biodiversity Information Facility (GBIF)

The Global Biodiversity Information Facility (GBIF) is
“an international network and data infrastructure
funded by the world’s governments and aimed at
providing anyone, anywhere, open access to data
about all types of life on Earth...the GBIF network of
participating countries and organizations, working
through participant nodes, provides data-holding
institutions around the world with common standards,
best practices and open-source tools enabling them to
share information about where and when species have
been recorded. This knowledge derives from many
sources, including everything from museum specimens
collected in the 18th and 19th century to geotagged
smartphone photos shared by amateur naturalists in
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recent days and weeks [...].The GBIF network draws

all these sources together through the use of data
standards, including Darwin Core, which forms the
basis for the bulk of GBIF.org’s index of hundreds of
millions of species occurrence records.” (GBIF 2022).
GBIF currently offers occurrence information for over
1.9 billion records reported from 1791 publishing insti-
tutions worldwide. This information includes many
equivalent fields to those of passport data in ex situ
germplasm collections.

For Capsicum records in GBIF, 105,012 occurrences

are currently available; these data may be used for a
wide range of taxonomic, geographic, ecological and
conservation research, and some of the specimens
associated with these occurrences may be considered
genetic resources, for example as sources of tissue
samples usable in genetic analyses. A small proportion
of these occurrences (4630 [4.4%]) are identified as a
“living specimen”; these may be considered equivalent
to an ex situ conservation accession. These are held in
86 institutes across at least 93 countries. Aside from
institutions already listed in the Genesys, WIEWS, and
PlantSearch information described above, institutes
reported in GBIF as having more than 10 living spec-
imens of Capsicum include the Royal Botanic Garden
Edinburgh (United Kingdom) (of 7 species) and the
Nordic Genetic Resources Center (NordGen) (Sweden)
(1 species).

Capsicum genetic resources survey results

Among the 40 respondents/institutes, 50,132 Capsicum
accessions are reported to be conserved ex situ in 27
countries (Table 3.3). Fifteen institutes hold 1000 or
more accessions each; a total of 31 hold more than
100; and a total of 39 hold more than 10. In terms of
countries, 11 contain institutes holding a combined
total of 1000 or more accessions; a total of 20 coun-
tries harbor more than 100 accessions, and a total of
26 countries conserve more than 10 accessions. On
average, six Capsicum species were conserved by the
respondents. Three institutions (New Mexico State
University, the United States Department of Agricul-
ture, and WorldVeg) conserve more than 15 species
of Capsicum each; the Centre for Genetic Resources
(Netherlands) and Research Centre for Vegetable and
Ornamental Crops (Italy) curate 12 species each, the
Taiwan Agricultural Research Institute (Taiwan) main-
tains 11, the National Agriculture and Food Research
Organization Genebank (Japan) and Embrapa insti-
tutes in Brazil conserve 9 species each, and the Univer-
sitat Politecnica de Valéncia (Spain) and the Corpo-
racion Colombiana de investigacion Agropecuaria
(AGROSAVIA) (Colombia) curate 8 species each.

Many countries are represented within collections,
with an average of 33 countries of origin per col-



lection. Three institutions (the Centre de Ressources
Biologiques Légumes, the USDA-ARS Plant Genetic
Resources Conservation Unit and WorldVeg) reported
more than 100 countries of origin in their collection.
Six institutions had a single country of origin for their
Capsicum collection, with all accessions being collected
or originating within country.

Composition of Capsicum genetic resource
collections

Representation of each Capsicum taxon in ex situ
repositories as reported in global databases and stake-

holder surveys is displayed in Table 3.4. See section 3.6
below for further information on the Svalbard Global
Seed Vault [SGSV] data source. Note that Capsicum
mirum Barboza (Barboza et al. 2022) was published
more recently than the data compiliation effort for
this Strategy was completed, and is thus not included
in Table 3.4.

The emphasis on domesticated Capsicum taxa in ex
situ collections is evident (Figure 3.1). For example,
of the 50,132 Capsicum accessions reported in the
stakeholder survey, 40,585 (81%) belonged to the
five domesticated species, 722 (1.7%) were members

Table 3.3. Institutes with Capsicum ex situ collections from stakeholder surveys (data from 2021); institutes are listed in descending
order based on number of accessions held. Institute codes matched to FAO WIEWS institute table.

# of coun-
Institute Institute name Countr Organization NCl;m.?inu:f NCL;m.?i?'l:r?rf tries of
code y designation psic psic origin of
accessions species .
accessions
International
TWNOO1 World Vegetable Center Taiwan Research 9171 16 106
Institute
TWNO0O06 Taiwan Agricultural Research Institute Taiwan Gover.nmlental 5659 11 =
organization
United States Department of
Agriculture — Agriculture Research United States Governmental
USA016 Service: Plant Genetic Resources of America organization 4973 19 309
Conservation Unit
JPN183 Natlonal Agrlculture and Food Research Japan Gover.nm(lental 3202 9 66
Organization Genebank organization
Tropical Vegetable Research and
THAO008 Development Center (TVRC). Kasetsart ~ Thailand University 3000 5 3
University
: Non
USA974 Seed Savers Exchange Uliiizee) Siziies Governmental 2741 5 -
of America o
Organization
Centre de Ressources Biologiques
Légumes — Institut national de Governmental
recherche pour I'agriculture, France organization 2188 5 100
I'alimentation et I'environnement 9
(INRAE)
USA307 New Mexico State University Chile United States University 2117 2 47
Breeding Program of America
ESP026 Universitat Politecnica de Valencia Spain University 1935 8 55
Centro Nacional de Recursos
Fitogenéticos (CRF) — National Institute
for Agricultural and Food Research n Governmental
00 and Technology (INIA), Agencia Estatal SfEitn organization [ 5 23
Consejo Superior de Investigaciones
Cientificas (CSIC)
Centro de Investigacion y Tecnologia . Governmental
ESPO27 Agroalimentaria de Aragén (CITA) Spain organization 1307 2 !
Centre for Genetic Resources, The
NLDO37 Netherlands. Wageningen University Netherlands University 1177 12 75
and Research (WUR)
THA048 Khon Kaen University Thailand University 1086 7 12
Research Centre for Vegetable and Italy Governmental 1000 12 20
Ornamental Crops organization
VNMO049 Plant Resources Center (PRC) Vietnam GO"eF”m‘?”ta' 1000 5 -
organization
BRACO3 Embrapa Recursos Genéticos e Brazil Governmental 965 9 _

Biotecnologia

organization
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# of coun-

Number of Number of

Institute . Organization . . tries of
Institute name Country - . Capsicum Capsicum .
code designation accessions species origin of
P accessions
BGRO02 |I\/Iarlltsa Vegetable Crops Research Bulgaria Governmental 932 4 20
nstitute organization
. . . International
CRIOSS Troplcall Agronomic Research and High Costa Rica Research 884 7 31
Education Center (CATIE) ;
Institute
BGROO1 Instltutgl of Plant Genetic Resources “K. Bulgaria Gover.nmgntal 746 5 18
Malkov organization
Department of Genetics and Plant
Breeding Ss. Cyril and Methodius North W
M University in Skopje/ Faculty of Macedonia UinliEis G5 J [
Agricultural Sciences and Food-Skopje
. . Governmental
CZE151 Crop Research Institute Czech Republic organization 530 1 26
Fruit and Vegetable Research Institute " Governmental
(FAVRI) VA organization &> 3 5
9
BRA020 Embrapa Clima Temperado Brazil Gover.nmlental 411 8 1
organization
Pusat Inovasi Agroteknologi Universitas
IDN025 Gadjah Mada (Agrotechnology Indonesia University 400 5 3
Innovation Centre)
Indian Council of Agricultural Research Governmental
IND1806 (ICAR)-Indian Institute of Vegetable India organization 400 5 11
Research (IIVR) g
Corporacion Colombiana de Governmental
COL017 investigacion Agropecuaria Colombia - 337 8 16
(AGROSAVIA) organization
ARG1342 Instituto Nacional de Tecnologia Argentina Governmental 197 3 6
Agropecuaria (INTA) organization
National Gene Bank of Tunisia - Governmental
organization )
TUNO029 (NGBTUN) Tunisia i 153 1
Indian Council of Agricultural Research
(ICAR)- Indian Institute of Horticultural . Governmental
INDOG6 Research (IIHR)- Central Horticultural India organization 142 4 1
Experiment Station, Bhubaneswar
Indonesia Vegetable Research Institute
(IVEGRI), Indonesian Agency for Indonesia Governmental 123 2 .
Agricultural Research and Development organization
(IAARD), Ministry of Agriculture
. . . . International
International Center for Biosaline United Arab
AREQO3 Agriculture (ICBA) Emirates IRegearch 107 1 B
nstitute
CAN004 Plant Gene Resources of Canada Canada Gover_nmgntal 92 3 15
organization
CHLO44 Instituto de Investigaciones Chile Governmental 79 6 2
Agropecuarias organization
THAO51 Department of Agriculture Genebank Thailand Govemm(_ental 66 4 1
of Thailand organization
BTN026 National Biodiversity Centre Bhutan Governmental 60 3 1
organization
SRB002 Institute of Field and Vegetable Crops Serbia Goverlnmc_ental 58 1 7
organization
VNMO79 Southern Fruit Research Institute Vietnam Gover_nmental 30 1 4
organization
National Plant Genetic Resources . Governmental
Zalilles, Centre (NPGRC) south Africa organization & 2 )
CHEOO1 Agroscope Switzerland Gover.nmgntal 15 1 5
organization
Uus165 Australian Grains Genebank Australia Gover.nm_ental 4 1 -
organization
Total 50,132 2> (distinct
species)
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Table 3.4. Number of ex situ accessions/records held per taxon, per database/dataset. Totals are not provided across rows as con-
siderable duplication of information among datasets is expected.

BGCI Plant GBIF (living Stakeholder

Taxon Genesys FAO WIEWS Search specimens only) survey SGSV

C. annuum var. annuum 21,636 34,431 575 2913 32,340 5160
C. annuum var. glabriusculum 133 166 21 8 367 19
C. baccatum var. baccatum 81 83 2 81 63 12
C. baccatum var. pendulum 1359 1579 44 116 1,682 212
C. benoistii 0 0 0 0 0 0
C. caatingae 0 0 0 0 1 0
C. caballeroi 0 0 0 0 1 0
C. campylopodium 0 0 0 0 0 0
C. carassense 0 0 0 0 NA 0
C. cardenasii 6 7 3 64 19 3
C. ceratocalyx 0 0 0 0 0 0
C. chacoense 80 118 5 48 157 28
C. chinense 2469 2905 91 219 3071 367
C. coccineum 0 0 0 0 0 0
C. cornutum 0 0 0 0 1 0
C. dimorphum 0 0 0 0 0
C. eshbaughii 1 0 0 0 4 0
C. eximium 16 35 3 94 23 9
C. flexuosum 9 9 1 15 7 0
C. friburgense 0 0 0 0 1 0
C. frutescens 2288 3324 61 170 3,095 355
C. galapagoense 9 7 4 3 12 3
C. geminifolium 0 0 0 0 0 0
C. hookerianum 0 0 0 0 0 0
C. hunzikerianum 0 0 0 0 0 0
C. lanceolatum 2 3 1 1 5 0
C. longidentatum 0 0 0 0 0 0
C. longifolium 0 0 0 0 0 0
C. lycianthoides 0 1 0 0 0 0
C. minutiflorum 1 0 1 0 3 0
C. mirabile (syn C. buforum) 1 1 0 0 0 0
C. muticum 0 0 0 0 NA 0
C. neej 0 0 0 0 0 0
C. parvifolium 0 0 0 0 0
C. pereirae 0 0 0 0 1 0
C. piuranum 0 0 0 0 0 0
C. pubescens 189 568 26 73 397 31
i : 6 o o 5 1
C. recurvatum 0 0 0 1

C. regale 0 0 0 NA

C. rhomboideum 4 6 3 1 7 1
C. schottianum 0 0 2 2 1 1
C. tovarii 5 5 1 1 10 0
C. villosum 0 0 0 0 1 0
hybrid 1 1 0 0 NA 1
;‘ggg:;’v”/ MO i 4006 4248 22 821 10112 175
Total 32,304 47,503 866 4630 50,132 6378
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of wild Capsicum species, 119 (0.2%) were labeled
with names other than the accepted taxon names of
Capsicum (as per Table 2.1), 1,887 (3.8%) were listed as
unknown species, and 6,819 (13.6%) were reported as
conserved members of the genus, but not assigned a
species name. Mirroring its degree of use worldwide,
the domesticated species C. annuum comprised the
largest collection, with 32,340 accessions conserved
globally. The other four domesticated species are con-
served to a far lesser extent, with C. frutescens (3,095
accessions) being the second most conserved species,
followed by C. chinense (3,071), C. baccatum (1,682)
and and lastly C. pubescens (397). The global data-
bases follow this same general pattern.

The vast majority of the wild Capsicum taxa appear
to have no or very little representation in ex situ
conservation worldwide. Out of the 37-40 wild taxa
in the genus, 15 did not have any representation ex
situ among the survey respondents, and another 13
had fewer than 10 accessions conserved. The global
databases paint an even starker picture, with between
25 and 28 taxa completely absent from ex situ con-
servation (depending on the database), and another
6 to 13 represented by fewer than 10 accessions/
records. A recent conservation gap analysis for wild
Capsicum found similar results, with 22 taxa absent
from genebanks and other repositories, and another
9 represented by fewer than 10 accessions (Khoury et
al. 2019).

As might be expected, the wild progenitor of

C. annuum - C. annuum var. glabriusculum — was the
most well represented wild taxon in terms of num-
bers of accessions held, with 367 accessions conserved
as per the stakeholder surveys (133 and 166 as per
Genesys and WIEWS, respectively). Most of these (254
accessions) were conserved by the National Agricul-
ture and Food Research Organization of Japan as

. 0%
Capsicum pubescens B_ 1%
|d . 2/%

wild species [ 1%
pecies B 1%

Capsicum frutescens |

o

Capsicum chinense -7/

9%

. 4%
Capsicum bacatum L.

per the surveys; Genesys and WIEWS note substantial
collections at USDA. Capsicum chacoense Hunz., which
represents an important genetic resource for plant
breeders and has been widely studied, was the second
largest collection among wild species as per the sur-
veys, with 157 accessions. Sixty-three accessions of the
wild progenitor C. baccatum var. baccatum were con-
served (81 to 83 in Genesys and WIEWS), nearly half of
which were conserved by USDA.

Capsicum rabenii Sendtn. (syn. Capsicum praeter-
missum Heiser & P. G. Sm.) was the fourth most
conserved species, with 37 accessions, most of which
were conserved at either New Mexico State University
(12 accessions) or WorldVeg (10 accessions). Approxi-
mately half of the 23 accessions of C. eximium Hunz.
and the 19 accessions of C. cardenasii Heiser & P. G.
Sm. were held at New Mexico State University, which
houses 12 and 9 accessions, respectively. A total of 12
accessions of C. galapagoense Hunz. were reported
to be conserved worldwide in the surveys (fewer in
the global databases); however, no single institution
reported having more than three accessions of this
species, with most curating a single accession, and it
has been previously reported that at least one, and
possibly two, of these accessions likely belong to
another species (either C. annuum or C. frutescens
(Parry et al. 2021; Bosland, pers. comm.).

WorldVeg houses three of the 10 accessions of

C. tovarii Eshbaugh et al. conserved globally, with the
other institutions generally having a single accession
of this species. Of the seven accessions of C. flexu-
osum Sendtn. reported to be conserved, two each are
housed at WorldVeg and USDA. New Mexico State
University houses two of the five accessions of C. lan-
ceolatum (Greenm.) C. V. Morton & Standl. and two of
the three accessions of C. minutiflorum (Rusby) Hunz.
The Centre for Genetic Resources of The Netherlands

Survey
m WIEWS
Hm Genesys

78%

Capsicum annur |

0% 10% 20% 30%

50% 60% 70% 80% 90%

Percentage of total accessions of domesticated Capsicum in corresponding source

Figure 3.1. Proportions of total world ex situ accessions of each of the five domesticated taxa of Capsicum as well as the wild taxa (as a
single group), as per Genesys, FAO WIEWS, and the stakeholder surveys
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houses three of the four accessions of Capsicum esh-
baughii Barboza. A single accession each of Capsicum
benoistii Hunz. ex Barboza, Capsicum caatingae
Barboza & Agra, Capsicum cornitum (Hiern) Hunz.,
Capsicum friburguense Bianch. & Barboza, Capsicum
pereirae Barboza & Bianch., Capsicum recurvatum
Witas., Capsicum schottianum Sendtn., and Capsicum
villosum Sendtn. var. muticum Sendtn. were reported
as conserved as per the stakeholder surveys. One
accession each of Capsicum mirabile Mart. ex Sendtn.
(syn. Capsicum buforum Hunz) and Capsicum lycian-
thoides Bitter may also be conserved as per Genesys
and WIEWS, the first at Embrapa Hortalicas (Brazil)
and the second at the Departamento Nacional de
Recursos Fitogenéticos (Ecuador).

On average, 24% of collections of wild Capsicum
were considered by survey respondences to be 100%
unique, not duplicated elsewhere, or more than 50%
unique, with less than half of the collection being
duplicated. Around 13% of collections, on average,
were reported to have less than 50% uniqueness, and
11%, on average, was fully duplicated elsewhere.

Improvement type/Biological Status

Improvement type/biological status for Capsicum
accessions is displayed in Table 3.5. Across the global
databases and stakeholder surveys, landraces are

the dominant form identified as conserved ex situ,
followed by cultivars and breeding materials. A large
proportion (from 42% to 65%, depending on the data
source) of accessions do not have a clearly marked
improvement type.

For C. annuum, from the stakeholder surveys, approx-
imately 37% of accessions was designated as being

of unknown improvement type (Figure 3.2). Approx-
imately 24% consisted of landraces, followed by
advanced or improved cultivars (9%), breeding and
research material (7%) and obsolete cultivars (3%).
Approximately 2% of the C. annuum collection was

classified as specialist genetic stock material and 0.3%
as wild or weedy species. Similar percentages were
evident for the cultivated species in the global data-
bases (Genesys and FAO WIEWS). The low proportion
of wild or weedy accessions of C. annuum conserved
is likely due to the wild progenitor being known and
conserved as a separate species. The largest collec-
tion of C. annuum is housed at WorldVeg, in Taiwan,
with 6,266 accessions, followed closely by the Taiwan
Agriculture Research and Development Institute,
which serves as a safety duplication of WorldVeg. The
USDA-ARS Plant Genetic Resources Conservation Unit
has the third largest collection of C. annuum with
3,446 accesions. Nine respondents (Centro de Inves-
tigacion y Tecnologia Agroalimentaria de Aragén,
Centro Nacional de Recursos Fitogenéticos, the French
National Research Institute for Agriculture, Food

and Environment, the National Agriculture and Food
Research Organization of Japan, New Mexico State
University, Taiwan Agriculture Research and Devel-
opment Institute, USDA-ARS Plant Genetic Resources
Conservation Unit, Universitat Politecnica de Valéncia,
and WorldVeg) reported conserving more than 1,000
C. annuum accessions. In terms of uniqueness of C.
annuum collections, on average, 18% of collections
were reported by survey respondents to be 100%
unique and not duplicated elsewhere, while 40% were
more than 50% unique, and 29% were less than 50%
unique. Approximately 13% of collections, on average,
were reported to be fully duplicated elsewhere.

For C. baccatum, from the stakeholder surveys,
landraces were by far the largest improvement type,
comprising 41% of all accessions, while around 24%
of the collection was characterized as being unknown
(Figure 3.2). In contrast, global databases such as
Genesys and FAO WIEWS had up to 82% and 65% of
accessions, respectively, unmarked regarding improve-
ment type or in an “other” category, with landraces
constituting 7% and 24% of the total, respectively
(this still the dominant type among those accessions
with information). From the surveys, approximately

Table 3.5. Improvement types/ biological status of ex situ accessions, per database/dataset. Improvement type is not clearly

reported in PlantSearch or GBIF.

Improvement type/

Biological status Genesys FAO WIEWS Stakeholder survey
Wild 192 (0.6%) 334 (0.7%) 894 (1.8%)
Weedy 1(0.0%) 1(0.0%) 32 (0.06%)
Landrace 7977 (24.7%) 17,139 (36.1%) 10,517 (21.0%)
Breeding materials 988 (3.1%) 3726 (7.8%) 2413 (4.8%)
Cultivar 5537 (17.1%) 3738 (7.9%) 3186 (6.4%)
Other 3997 (12.4%) NA 6 (0.01%)
Specialist genetic stock NA NA 637 (1.3%)
Unknown NA NA 17,721 (35.3%)
Not specified 13,612 (42.1%) 22,565 (47.5%) 14,726 (29.4%)
Total 32304 47503 50132
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5% of C. baccatum were designated as being obso-
lete or traditional cultivars, and 3% advanced or
improved cultivars. The wild and weedy populations
and breeding or research materials made up approx-
imately 2% of the collection each, and less than 1%
of the collection is specialist genetic stock. These
proportions align with the global databases. As per
the survey information, the largest collection of C.
baccatum is housed at WorldVeg, with 409 accessions
in total, while the Centre de Ressources Biologiques
Légumes (129), Embrapa Clima Temperado (122),
Embrapa Recursos Genéticos e Biotecnologia (157), the
National Agriculture and Food Research Organization
of Japan (105), New Mexico State University (123), and
the Taiwan Agriculture Research and Development
Institute (164) all housed more than 100 accessions.

In terms of uniqueness of C. baccatum collections,

on average, 11% of C. baccatum collections were
reported to be 100% unique, and not duplicated else-
where. Approximately 16% of C. baccatum collections,
on average, were reported to be more than 50%
unique and another similar proportion less than 50%
unique, while 13% of collections were fully duplicated
elsewhere.

For C. chinense, from the stakeholder surveys, 56%
were designated as unknown in terms of improvement
type (Figure 3.2). Landraces make up around 11% of
the collection and 6% were designated as being obso-
lete or traditional cultivars. Around 4% were iden-
tified as being advanced or improved cultivars and
3% were breeding or research materials, while 1% of
the collection is made up of specialist genetic stocks.
Less than 0.5% is made up of wild or weedy popu-
lations, which could be due to the fact that the wild
progenitor of C. chinense has not yet been identified,
which may also be a contributor to the high propor-
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tion of accesions with unknown improvement type.
The global databases also show these general trends
for the species. As per the survey information, the
largest collection of C. chinense is housed at WorldVeg
with 566 accesions, closely followed by USDA-ARS
Plant Genetic Resources Conservation Unit, with 484
accessions and Embrapa Recursos Genéticos e Biotec-
nologia with 390 accessions. In terms of uniqueness of
C. chinense collections, on average, 8% of C. chinense
collections were reported to be 100% unique and

not duplicated elsewhere. Around 21% of collections
of C. chinense were reported to be more than 50%
unique, while 16% of collections were less than 50%
unique on average. The level of complete duplication
was highest for C. chinense among the domesticated
species collections, with 16% of collections being fully
duplicated elsewhere.

For C. frutescens, from the stakeholder surveys, 52%
of accessions were reported as being of unknown
improvement type, while 18% were designated as
landraces (Figure 3.2). The global databases simi-

larly report up to almost half of accessions being of
unknown improvement type, while landraces com-
prise between 41% (Genesys) and 60% of accessions
(FAO WIEWS). Nearly 4% were breeding or research
materials and just over 3% were obsolete of tradi-
tional cultivars. Specialist genetic stocks and advanced
or improved cultivars each represented around 2%
accessions. Only 0.5% of the collection consists of
wild or weedy populations, again likely due to the
wild progenitor of C. frutescens being unknown,
which could also be a contributing factor to the high
proportion of unknown accessions. As per the survey
information, WorldVeg conserves the largest collec-
tion of C. frutescens, with 779 accessions, followed by
the National Agriculture and Food Research Organiza-

[ ]

Wild or weed populations

B Specialist genetic stocks
Breeding/research
material
Advanced/improved
cultivars

m Obsolete/traditional
cultivars

W Llandraces

B Unknown

No response

Capsicum
frutescens
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pubescens

Figure 3.2. Percentage of improvement type/biological status of cultivated chile pepper species collections based on aggregated

numbers of accessions, as synthesized from the stakeholder surveys
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tion of Japan with 485 accessions. Southeast and East
Asia are important secondary centers of diversity for
C. frutescens, and these two collections could harbor
important genetic resources for the species. In terms
of uniqueness of C. frutescens collections, approxi-
mately 11% of collections, on average, were reported
to be 100% unique, not being duplicated elsewhere.
On average, 18% of C. frutescens collections were
reported to be more 50% unique, while 21% were
reported to be less than 50% unique. It was reported
that 13%, on average, of C. frutescens collections
were fully duplicated elsewhere.

For C. pubescens, from the stakeholder surveys,

23% of accessions were listed as being of unknown
improvement type (63% in Genesys and 52.6% in
FAO WIEWS, for unmarked or “other” types) (Figure
3.2). Approximately 18% consisted of landraces (23%
in Genesys and 42% in FAO WIEWS) and 12% were
advanced or improved cultivars. Breeding or research
materials, specialist genetic stocks, and obsolete

or traditional cultivars made up 9%, 8%, and 7%,
respectively. Only 1% of the collection were designed
as being wild or weedy populations of C. pubescens.
This species has the smallest global collection among
cultivated species; from the survey information, New
Mexico State University houses nearly 30% of the
entire collection. In terms of uniqueness of C. pubes-
cens collections, the level of uniqueness was lower
than for the other domesticated species, with 8%,
on average, of C. pubescens collections being 100%
unique and not duplicated elsewhere. Approximately
16% of collections were more than 50% unique, on
average, and 8% were reported to be less than 50%
unique. On average, 11% of collections of C. pubes-
cens were reported to be fully duplicated elsewhere.

Regarding the degree of duplication of accessions (i.e.

two or more accessions being identical but having
different accession numbers) within (not across)
Capsicum collections, for all species, around 5% of
the institutions reported having no duplication, More
than half (54%) of the institutions reported having
less than 10% duplication within their collections,
while 22% reported having moderate levels of dupli-
cation. Approximately 19% of respondents reported
having extensive duplication, with more than 30%

of the collection being duplicated. The institutions
with extensive duplication conserve 13,460 Capsicum
accessions, in total, which at 30% would be more than
4,000 duplicated accessions of Capsicum.

3.2 Past and projected future acquisi-
tion of Capsicum genetic resources

Genesys and GBIF provide information on the date of
collection of accessions. For Capsicum, in Genesys, the
earliest collection was made in 1899, and the most
recent in 2020. For GBIF, the earliest was 1947 and

the most recent 2020. FAO WIEWS does not provide
date of collection, but from information on date of
acquisition, the earliest reported was also 1899 and
most recent 2020. In all three datasets, collections/
acquisitions were fairly well distributed across decades
over the past century.

Across the databases with information on the country
of origin of accessions, the number of origin countries
represented in Capsicum ex situ collections sums to

at least 145, with Spain, Bulgaria, United States of
America, Hungary, Mexico, Romania, Turkey, Costa
Rica, Guatemala, Peru, Brazil, India, Yugoslavia, Italy,
Bangladesh, Bolivia, Ecuador, Ethiopia, and Thailand
being among the most represented, each with over
500 accessions as reported in at least one database/
dataset (Table 3.6, Figure 3.3).

Accessions

Figure 3.3. Country origin of Capsicum accessions as reported in Genesys and FAO WIEWS (combined dataset).
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Table 3.6. Countries of origin of Capsicum accessions and number of accessions per database.

Country Genesys FAO WIEWS spgc'ﬂ,f e‘L‘Z‘Qﬁ.y) SGSV

Afghanistan 52 45 23
Albania 126 118 55 2
Algeria 4 4 7 1
Angola 7 7 1 2
Argentina 137 330 5 30
Armenia 377 184 1
Australia 22 23 5 9
Austria 73 76 29 42
Azerbaijan 29 29 1
Bahamas 1 1 1 3
Bangladesh 36 754 1 3
Belarus 13 120

Belgium 3 3 1 2
Belize 17 17 3
Bhutan 30 30 26 8
Bolivia (Plurinational State of) 261 664 449 39
Bosnia and Herzegovina 1 1 23
Brazil 744 716 252 221
British Indian Ocean Territory 1 1

Bulgaria 1789 1803 63 135
Burkina Faso 7 7 7 1
Burundi 3 4
Cambodia 26 26 1
Cameroon 1
Canada 39 41 18 21
Central African Republic 1
Chile 29 43 5 10
China 449 474 51 104
Colombia 271 368 30 20
Congo, Democratic Republic of the 14 15 11 8
Costa Rica 837 819 19 127
Croatia 49 49 2
Cuba 199 289 2 42
Czechia 77 90 22 8
Czechoslovakia 138 137 56
Denmark 15 15 12 11
Ecuador 274 660 23 35
Egypt 26 135 3 12
El Salvador 200 208 3 90
Eswatini 3

Ethiopia 245 546 13 78
Fiji 9 g 3
France 458 183 23 231
Georgia 63 67 14
German Democratic Republic 10 10 2
Germany 164 179 44 84
Ghana 4 4 2 3
Greece 81 81 2 3
Grenada 3 3 1
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GBIF (living

Country Genesys FAO WIEWS specimens only) SGSV
Guam 1
Guatemala 803 802 237 265
Guyana 18 81 2 7
Honduras 203 199 12 68
Hungary 1621 1705 213 303
India 684 4178 10 214
Indonesia 278 279 7 42
Iran (Islamic Republic of) 140 107 16 79
Irag 2 2
Israel 118 88 39
Italy 502 500 25 132
Jamaica 8 9 2 3
Japan 136 149 43 57
Jordan 13 12 1
Kazakhstan 4 4
Kenya 57 55 2
Korea (Democratic People’s Republic of) 26 26 3
Korea, Republic of 203 247 668
Kyrgyzstan 4 15 7 4
Lao People’s Democratic Republic 74 74 38
Lebanon 10 6 6
Lesotho 1
Libya 21 27 10 10
Lithuania 20 21
Malawi 3 3 1
Malaysia 444 437 79
Maldives 84 79 76 32
Mauritania 1 1
Mauritius 1 1 2 1
Mexico 1098 6083 556 187
Micronesia (Federated States of) 1 1
Moldova, Republic of 199 207 15 5
Mongolia 4 22 3 2
Morocco 16 18 7
Myanmar 3 3 1
Nepal 22 27 42 4
Netherlands 237 251 76 90
Netherlands Antilles 2 2
New Zealand 2
Nicaragua 55 48 15 27
Niger 8 16
Nigeria 64 240 3 13
North Macedonia 123 123
Northern Mariana Islands 1 2 1 2
Norway 1 1
Pakistan 50 231 8 9
Palestine, State of
Panama 73 77
Papua New Guinea 6 6 4
Paraguay 40 41 36
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GBIF (living

Country Genesys FAO WIEWS specimens only) SGSV

Peru 757 1448 143 11
Philippines 221 268 4 76
Poland 184 184 134 5
Portugal 246 287 8 18
Puerto Rico 2 25 2 16
Romania 971 976 38 71
Russian Federation 121 247 12 15
Sao Tome and Principe 1

Saint Helena 1
Saudi Arabia 1

Senegal 4 4 B
Serbia 26 26 18 1
Sierra Leone 1 1

Slovakia 65 65 11 8
Slovenia 3 3 1 1
Solomon Islands 2 2 1
South Africa 5 23 1 1
Spain 2070 2214 540 170
Sri Lanka 71 244 17
Sudan 408 408 23 7
Suriname 34 29 4 6
Sweden 4 2

Switzerland 14 14 4 12
Syrian Arab Republic 64 58 26 19
Taiwan 129 359 8 93
Tajikistan 20 24

Tanzania, United Republic of 42 74 1 10
Thailand 497 535 79 110
Togo 2 2 18 1
Trinidad and Tobago 14 13 6
Tunisia 28 182 4 13
Turkey 894 2230 17 289
Uganda 9 28 5
Ukraine 384 388 21 2
United Kingdom 54 51 3 27
United States of America 1627 1852 173 701
Uruguay 8 10 2
USSR (Soviet Union) 151 154 25
Uzbekistan 25 50 44 22
Vanuatu 3 3 1
Venezuela (Bolivarian Republic of) 69 68 10 13
Viet Nam 66 62 57 14
Virgin Islands (British) 4 3

Yemen 24 25 9 21
Yugoslavia 549 556 22
Zaire 1 1
Zambia 97 181 93 26
Zimbabwe 9 8 1 5
Unknown 2 177
Not reported 7434 8218 493 303
Total 32,304 47,503 4630 6378

GLOBAL STRATEGY FOR THE CONSERVATION AND USE OF CAPSICUM GENETIC RESOURCES | 33



As reported in the stakeholder surveys, during the last
10 years, an average of 240 Capsicum accessions have
been acquired by institutions conserving these crops.
Seven institutions have acquired at least 500 accessions
of Capsicum within the last 10 years. In total, across
the institutions responding to the surveys, 8,406 Cap-
sicum accessions have been acquired during the last
decade. During the same period, 508 accessions of Cap-
sicum were lost from the collections, with an average
of 24 accessions per institution. In total, 72 accessions
were removed from the collections because they were
identified as being duplicates, leading to an average
of nearly 4 Capsicum accessions per institution.

From the stakeholder surveys, national priorities were
clear for many collections. For example, approximately
70% of C. annuum accessions were collected in the
same country as the institution, with 24 institutions
reporting that more than half of their C. annuum
accessions were collected or originated within their
own country. Approximately 21%, on average, of C.
annuum was reported to be collected or originated
regionally, and 27% was collected or originated
internationally, excluding the region the institution
was located in, with four institutions stating that
more than 50% of their C. annuum collection origi-
nated internationally. Nearly 23% of C. annuum, on
average, was of unknown origin, with two institutions
reporting that more than half of their collection was
of unknown origin.

The Genesys and FAO WIEWS databases provide infor-
mation on the collecting (or acquisition) source (Table
3.7). While the great majority of accessions are not clas-
sified or clearly specified, those records with informa-
tion indicate that the largest sources include institutes/
genebanks, farms, wild habitats, and seed companies.

The vast majority of respondents to the stakeholder
surveys perceived gaps in their Capsicum collections.
The most common gap reported was for species or
taxa, with more than 77% of institutions reporting a
perceived or known species/taxa gap in their Cap-
sicum collection. Nearly 75% of respondents reported
that there were known or perceived genetic diversity
gaps in their Capsicum collection. Similarly, 74% of
respondents reported perceived or known ecogeo-
graphic gaps within their Capsicum collection. Approx-
imately 65% of respondents reported having known
or perceived varietal diversity and trait gaps in their
Capsicum collections. In addition, 19% of respondents
reported other gaps for their Capsicum collections,
besides genetic, taxonomic, ecogeographic, varietal or
for specific traits.

Approximately 48% of respondents reported efforts or
plans to try to fill gaps in their Capsicum collections,
with most targeting collections in certain under-

represented regions and germplasm exchanges as a
means to do so. As expected, funding for gap filling
was mentioned by several respondents (5) as a major
limitation to further acquisition.

Nearly half of survey respondents predicted a lim-
ited expansion (5-10% increase) in the size of their
Capsicum collections over the next 10 years and
another 24% of respondents anticipate a substantial
increase of more than 10% in the size of their collec-
tions over the next decade. Only 7% of respondents
projected a decrease in their collections, with 2%
owing the reduction to collection rationalization,
such as removing duplicates, and 5% reporting that
lack of funding or facilities will result in a collection
size reduction. The size of the Capsicum collection is
anticipated to stay approximately the same over the
next decade for 20% of the institutions responding to
the survey (Figure 3.4).

A "diversity tree” (van Treuren et al. 2009) has been
developed for Capsicum genetic resources based on
stakeholders’ delineations of the taxonomic, genetic,
and geographic structure within the genus. This tree is
a stratification of the Capsicum genepool into groups
and subgroups; the Crop Trust has adapted this idea
to visualize and understand the coverage of a crop
genepool in ex situ conservation. The interactive is

crop page.

Matching current ex situ accessions as reported in

a combined Genesys and FAO WIEWS dataset to the
diversity tree suggests that Capsicum annuum var.
annuum from West and Central Africa is particularly
poorly represented in ex situ collections, likewise in
South Asia, Myanmar, Nepal and Bhutan are underrep-
resented, and in Southeast Asia, Cambodia and Laos.
In South America, Venezuela, Paraguay, Uruguay, Suri-
name and Chile have a low absolute number of acces-
sions (Table 3.8). Some states in Mexico were found to

Table 3.7. Acquisition source and number of accessions per
database. Sources sorted in descending order in terms of
number of accessions (of specified acquisition sources), by the
Genesys database.

Acquisition

source Genesys FAO WIEWS
Institute/Genebank 1944 (6.0%) 3470 (7.3%)
Farm 1648 (5.1%) 7192 (15.1%)
Seed company 696 (2.2%) 565 (1.2%)
Wild habitat 487 (1.5%) 3116 (6.6%)
Market or shop 87 (0.3%) 421 (0.9%)
Weedy habitat 2 (0.0%) 21 (0.0%)
Other 3432 (10.6%) 0(0.0%)
Not specified 24,008 (74.3%) 32,718 (68.9%)
Total 32,304 47,503
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Table 3.8. Summary of existing accessions held ex situ, as reported in a combined Genesys and FAO WIEWS dataset, in the end
groups of the Capsicum annuum var. annuum section of the Capsicum diversity tree. Data from stakeholder surveys is not included.

Capsicum annuum End group Numbgr of Capsicum annuum End group Numbgr of
var. annuum accessions var. annuum accessions
Central Africa 8 Mexico 4504
Eastern and Southern Africa 407 Aguascaliente 147
West Africa 58 Baja California 4
North Africa, Southern Europe, Middle East Baja California Sur 15
North Africa 373 Campeche 29
Southern Europe 3221 Chiapas 148
Middle East 189 Chihuahua 10
Eastern Europe/West Asia Coahuila 29
Eastern Europe 6054 Colima 7
Turkey 2178 Durango 118
Caucasus 566 Guanajuato 5
Central Asia Guerrero 27
East Asia China 449 Hidalgo 86
East Asia Japan 152 Jalisco 25
East Asia North Korea 26 Michoacan 19
East Asia South Korea 237 Morelos 227
East Asia Taiwan 349 Mexico 83
South Asia Nayarit 15
South Asia Bangladesh 211 Nuevo Leon 30
South Asia Bhutan 30 Oaxaca 445
South Asia India 3970 Puebla 277
South Asia Myanmar 3 Queretaro 82
South Asia Nepal 15 Quintano Roo 24
South Asia Pakistan 229 San Luis Potosi 121
Southeast Asia Sinaloa 1
Southeast Asia Cambodia 7 Tabasco 16
Southeast Asia Indonesia 151 Tamaulipas 118
Southeast Asia Laos 24 Tlaxcala 79
Southeast Asia Malaysia 208 Veracruz 210
Southeast Asia Philippines 169 Yucatan 110
Southeast Asia Thailand 330 Zacatecas 196
Southeast Asia Vietnam 41 South America
Oceania 32 Argentina 204
Caribbean and Central America Bolivia 35
Belize 10 Brazil 201
Costa Rica 244 Chile 14
Cuba 138 Colombia 93
Dominican Republic 0 Ecuador 222
El Salvador 140 French Guiana 0
Guatemala 504 Paraguay 2
Haiti 0 Peru 169
Honduras 115 Suriname 2
Jamaica 3 Uruguay 2
Nicaragua 32 Venezuela 10
Panama 12 IEISrr;B,eWest and Central 706
Puerto Rico 9
USA 1579
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be less well represented than others, but it should be
noted that 1,774 accessions listed as from Mexico had
neither coordinates or state of origin information.

A similar assessment conducted for Capsicum chinense
suggests that the Central Africa and West Africa sec-
ondary regions of diversity are not well represented
in ex situ collections (Table 3.9). Also, Southeast Asia,
East Asia and Oceania have a low number of acces-
sions conserved ex situ. However, out of the 3,257
accessions of C. chinense recorded in Genesys and
WIEWS, 1,396 (42% of the total) do not have informa-
tion on the country of origin (of these 790 are held at
BRAO003 and BRA012). This lack of data is a strong lim-
itation on assessing how well ex situ collections cover
the geographic distribution of this crop (here used as
a proxy for genetic diversity).

Accessions of C. frutescens from China, Japan and
Taiwan are scarcely represented in the combined
Genesys-WIEWS dataset (Table 3.10). It is likely, how-
ever, that this is because accessions from China are
stored in Chinese genebanks and that the data is not
shared in these databases. Similarly, there is a large
number of accessions stored at NARO with unknown
country of origin, and some of these are likely to be
from Japan. In Southeast Asia, Cambodia, Indonesia
and Myanmar are also under-represented (although a
search at NARO database found that JPN183 stores 62
accessions from Cambodia).

Table 3.9. Summary of existing accessions held ex situ, as
reported in a combined Genesys and FAO WIEWS dataset,

in the end groups of the Capsicum chinense section of the
Capsicum diversity tree. Data from stakeholder surveys is not
included.

Capsicujm chinense End group Numbgr of
acq accessions
L 2
Central Africa 8
Western Africa 9
The Americas Mexico 149
Central America 138
Caribbean 52
Soutlh America (excluding 438
Brazil and Peru)
Brazil 208
Peru 521
Oceania 1
Asia East Asia 6
South Asia 305
Southeast Asia 14
Unknown origin 1396

The analysis also found that ex situ accessions of

C. pubescens were mostly collected in Peru, while
Mexico, the Central American countries, and Ecuador,
Colombia, and Bolivia are not as well represented in
ex situ collections.

The majority of accessions of Capsicum annuum var.
glabriusculum are from Mexico (Table 3.11). How-
ever, this taxon is found throughout Central America
and south to Brazil. Therefore, a better represen-
tation of its distribution range in ex situ collections
will require a larger number of accessions collected
outside of Mexico. Also, at a finer geographical level,
the coverage within Mexico may be less than ideal.
Considering that this taxon was likely domesticated
in Mexico, analysis at this level of scale would be
worthwhile, but the data available to the authors of
this strategy did not allow for detailed analysis at this
finer level.

A recent conservation gap analysis for wild Capsicum
species considered 35 (95%) of these taxa of high
priority for further collecting for ex situ conserva-
tion, including the two known putative crop pro-
genitors (Khoury et al. 2019). Among these were 23
taxa with no (zero) reported ex situ representation
in the available germplasm databases, and another

Table 3.10. Summary of existing accessions held ex situ, as
reported in a combined Genesys and FAO WIEWS dataset,

in the end groups of the Capsicum frutescens section of the
Capsicum diversity tree. Data from stakeholder surveys is not
included.

frutescens L. End group accessions
Africa (total) 563
Nigeria 28
Americas
Central America 514
Mexico 101
South America 351
Asia
China 5
Japan 0
Taiwan 5
South Asia 497
Cambodia 18
Indonesia 13
Laos 50
Malaysia 84
Myanmar 0
Philippines 53
Thailand 61
Other origins 272
Unknown origin 736
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eight with fewer than ten accessions, and thus very
limited genetic diversity accessible for crop breeding
and other research. When examining ex situ repre-
sentation in terms of the climatic niches of the taxa,

C. annuum var. glabriusculum, C. baccatum var. bac-
catum, and C. chacoense (i.e., the only wild taxa with
more than 10 germplasm occurrences) were deter-
mined to be relatively well represented. The rest of
the taxa, with no or very few occurrences, were clearly
very poorly represented.

3.3 Structure, management, and condi-
tion of Capsicum collections

The Genesys and FAO WIEWS databases provide some
information on the conditions under which ex situ
accessions are stored. In Genesys, 68% of accessions
were marked as stored as seed (the rest were not spec-
ified). Of the accessions with information on storage
term (44% of all accessions), long-term storage
conditions were provided for 61% of these accessions;
medium-term for 60%, and short-term conditions for

0.6% (note that seed can be held in more than one
storage type within each institution).

In FAO WIEWS, 97% of accessions were marked as
stored as seed, 1% as stored in the field, and less than
0.1% as stored in vitro; for only 3% of accessions were
storage conditions not specified. Of the accessions
with information on storage term (96% of all acces-
sions), long-term storage conditions were provided for
67% of these accessions and medium-term for 60%
(note that seed can be held in more than one storage
type within each institution); short-term storage con-
ditions were not specified.

It has been observed that seeds of some wild species,
including C. lanceolatum, are highly recalcitrant to
storage and rapidly become unviable in cold storage
(Barchenger and Bosland, 2019). New Mexico State
University maintains live plants of several recalcitrant
wild Capsicum species to ensure they are not lost (P.W.
Bosland, pers. comm.).

Table 3.11. Summary of existing accessions held ex situ, as reported in a combined Genesys and FAO WIEWS dataset, in the end
groups of the Capsicum annuum var. glabriusculum section of the Capsicum diversity tree. Data from stakeholder surveys is not

included.
Capsicum Capsicum
annuum var. Number of annuum var. Number of
glabriusculum End group - glabriusculum End group .
p accessions p accessions
(Dunal) Heiser & (Dunal) Heiser &
Pickersgill Pickersgill
Mexico Sinaloa 9
Mexico 38 Sonora 9
(no coordinates)
Tabasco 0
Aguascaliente 0 Tamaulipas 0
Baja California 0 Veracruz 15
Baja California Sur 0 Yucatan 0
Campeche 0 Zacatecas 0
Chiapas 2 Central America
Chihuahua 2 Belize 0
Coahuila 0 Costa Rica 6
Durango 0 El Salvador 4
Guanajuato 0 Guatemala 13
Guerrero 0 Honduras 0
Hidalgo 0 Nicaragua 3
Jalisco 0 Panama 0
Michoacan 0 Colombia 0
Morelos 0 USA 5
Mexico 1 Arizona lack of coordinates
Nayarit 0 Florida lack of coordinates
Nuevo Leon 0 Louisiana lack of coordinates
Oaxaca 15 New Mexico lack of coordinates
Puebla 0 Texas lack of coordinates
Queretaro 0 Caribbean 0
Quintana Roo 0 Unknown origin >4
San Luis Potosi 0
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From the stakeholder surveys, on average, the pro-
portion of the Capsicum collections maintained under
short-, medium-, and long-term storage was 68%,
86%, and 81%, respectively. In total, 24 institutions
maintained long-term storage of Capsicum, 26 main-
tained collections under medium-term storage, and 17
have collections stored short-term. The average tem-
perature for long-, medium-, and short-term storage
facilities for the Capsicum collection was -13.3, 4.4,
and 13.3 °C, respectively. The average seed moisture
content of Capsicum seeds was 7.1%, and ranged from
3 to >10%, although four institutions reported not
determining seed moisture content prior to storage.
Sealed aluminum packs were the most common pack-
aging used for Capsicum seed conservation, at 47%

of institutions, followed by paper envelopes (35%),
plastic containers (25%), sealed and vacuum-packed
aluminum packs (23%), glass containers (10%); 7.5%
of institutions used another type of packaging.

More than half (56%) of the institutions responding
to our surveys use the Genebank Standards developed
by FAO/IPGRI (1994) in managing their collection and
to minimize the loss of genetic integrity in Capsicum
accessions during storage and regeneration (Table
3.12). In addition, 44% of respondents follow the
guidelines established by Rao et al. (2006) for seed
conservation, and 22% use the earlier version by
Hanson (1985). More than 36% of respondents use
their organization’s own operational manual and 27%
have developed Standard Operating Procedures (SOP)
for key processes in their institution. Approximately
17% of respondents use a Quality Management
System (QMS) for day to day operations. More than
7% of institutions report having no written procedure
or protocol in place for managing their Capsicum
collection.

More than 80% of survey respondents have estab-
lished a genebank management system or have
written protocols for the regeneration (88%), conser-
vation (84%), characterization (81%), and distribu-

Activity with a management system
or a written protocol

tion (81%) of germplasm (Figure 3.5). Nearly 71% of
respondents have a genebank management system

or written protocols in place for the acquisition of
germplasm as well as for information management.
Established protocols are in place for more than half
(56%) of the institutions for safety duplication of
accessions and for germplasm health. However, fewer
institutions have a procedure in place for dealing with
duplicated (44%) or misidentified (37%) accessions
within the collections.

The vast majority of institutions report having sep-
arate work areas for dirty and clean seed handling
procedures (83%), suitable field site for regeneration
and multiplication (83%), greenhouse or glasshouse
facilities for regeneration and multiplications (78%),
dedicated laboratory and trained staff for seed via-
bility testing (76%), and separate work areas for seed
packaging for storage and distribution (73%) (Figure
3.6). However, only 56% of the respondents report
having access to a low temperature seed dryer, and

Table 3.12. Percent of institutions responding to the stake-
holder surveys using management procedures and protocols.
Institutions may use more than one protocol, thus percentages
do not sum to 100%.

Percent of

Management procedure/protocol institutions
FAO/IPGRI 1994. Genebank Standards. 55.5%
Rao et al. 2006. Handbooks for Genebanks
No. 8: Manual of Seed Handling in 43.9%
Genebanks. Bioversity International.
Organiz?tion’s own “Operational Genebank 36.3%
Manual
Written and verified Standard Operating 26.8%
Procedures (SOPs) for key processes e
Hanson 1985. Practical Manuals for
Genebanks No. 1: Procedures for Handling 22.0%
Seeds in Genebanks. IBPGR.
A Quality Management System (QMS) 17.1%
Other 7.3%
No written procedures or protocols 7.3%

Characterization | 31 %
Information management I 7 1 %
Acquisition | I /1 %
Germplasm health IR 56 %
Safety duplication I 56 %

Duplicated accessions I 44%

Misidentified accessions I EEEEEEEEG— 37 %

0% 10% 20% 30%

40% 50% 60% 70% 80% 90%
Percentage of respondents

Figure 3.5. Percent of respondents to the stakeholder surveys having management systems or written protocols for genebank

activities.
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only 29% have a laboratory and staff for seed health
testing.

Several core collections and other germplasm (sub)sets
were described by the survey respondents, especially
collection was developed, which is maintained for
distribution in Europe by the Institut national de la
recherche agronomique (INRAE) in France and in Asia
by the World Vegetable Center (WorldVeg) in Taiwan.
This was developed through sequencing nearly 15,000
Capsicum accessions housed across five large gen-
ebanks in Europe, plus WorldVeg. The G2PSol core
collection has been widely evaluated in multiple
locations for numerous traits of interest and currently
efforts are underway to identify loci contributing to
those traits using genome wide association studies
(GWAS).

Similarly, CGN in the Netherlands has a core selector
tool, based on the use of Diversity Trees, where users
can develop their own core collections of the germ-
plasm available there. A morphological core collec-
tion, consisting of 10% of the total collection, has
been developed by the Taiwan Agricultural Research
and Development Institute. Genetic subsets were
reported by Universitas Gadjah Mada (Agrotechnology
Innovation Centre) in Indonesia for bacterial dis-
eases, for tropical diseases by the Fruit and Vegetable
Research Institute in Vietnam, and for Chilli leaf curl

virus (ChiLCV; Begomovirus) by ICAR-Indian Institute of
Vegetable Research. Khon Kaen University in Thailand
maintains a subset of Capsicum with diverse levels of
various phytochemicals. The Institute of Plant Genetic
Resources “K. Malkov” in Bulgaria maintains five sub-
sets of Capsicum for earliness, productivity, dry matter
content, vitamin C content and sugar content. Ss. Cyril
and Methodius University in Northern Macedonia
have developed a corkiness (scaring or minor striations
on the surface of the pepper skin, which represents a
quality trait in some market segments) subset.

In terms of biotic constraints to storage and main-
tenance of Capsicum collections, stakeholder survey
respondents listed fungal disease (27% of respon-
dents), viruses (20%) and the arthropod pests bruchids
(13%) and skin bugs (7%) (Figure 3.7). A third of
respondents reported that no biotic constraints to
Capsicum seed storage exist for their institution.

3.4 Status of regeneration and multipli-
cation of Capsicum genetic resources

Global genetic resource databases do not provide
specific information on the regeneration and multi-
plication status or needs of accessions of Capsicum.
From the stakeholder surveys, for C. annuum, the
average proportion of the collection that requires
urgent regeneration was 38%, which can be extrap-
olated to more than 12,000 accessions worldwide. Six

Suitable field sites for regeneration and multiplication | 537

Infrastructure and staff for specific
genebank activities

Other M 5%

0% 10%

Separate work areas for ‘dirty’ and ‘clean’ seed handling procedures I 33%
Greenhouse/glasshouse facilities for regeneration and multiplication I 78%
Dedicated laboratory and trained staff for seed viability testing I 76%
Separate work areas for seed packaging for storage and distribution I 73%
Low temperature seed dryer I 56%

Dedicated laboratory and trained staff for seed health testing NN 0%

20% 30% 40% 50% 60% 70% 80% 90%
Stakeholder survey respondents

Figure 3.6. Percent of respondents to the stakeholder surveys having infrastructure and staff for specific genebank activities.
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Figure 3.7. Number of stakeholder survey respondents (n = 40) listing biotic constraints to Capsicum storage and maintenance.
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institutions reported that 100% of their C. annuum
collection required urgent regeneration and one insti-
tute reported 80%, with an additional six institutions
reporting that at least 50% of their C. annuum collec-
tion needs to be regenerated urgently (Figure 3.8). A
very similar situation exists for the other domesticated
species and the wild Capsicum species, each with
approximately 34% of accessions requiring urgent
regeneration, on average. For the other domesticated
species, five institutions reported that at least 50%

of the collection requires urgent regeneration, with
three reporting that 100% of the collection requires
urgent regeneration. Likewise, five institutions
reported that at least 50% of the collection of wild
species of Capsicum is in need of urgent regeneration,
of which four reported at least 80% of the collection.

The average regeneration interval for Capsicum
collections was reported to be nearly 12 years, and
ranged from 2 years to 50 years (Figure 3.9). The
average interval for germination testing (determining
% germination across a subset of individuals in an
accession) was nearly 5 years; however, there was a
wide range for germination testing intervals, with
nearly half of respondents testing more frequently
than every 5 years, and around 35% of respondents
conducting germination tests every 10 years or longer.
The intervals for seed viability (testing if alive or dead)
testing were generally similar for germination testing,

51-75%

Proportion of Capsicum collection urgently
needing regeneration

averaging every 4.5 years, with 55% of respondents
testing every 5 years. Health testing was done on
average every 2 years, approximately, although these
data are likely highly dynamic and may not be repre-
sentative across Capsicum collections worldwide. Sev-
eral institutions provided feedback that health testing
was done as necessary, with frequency based on
requests for germplasm, emerging pests and diseases,
and changing phytosanitary requirements.

There was an array of biotic constraints to regenera-
tion and multiplication reported by the stakeholder
survey respondents, and these constraints were more
numerous than those listed for storage and distri-
bution activities. The most common constraint was
viruses, with nearly a quarter of respondents reporting
viral diseases are an issue (Figure 3.10). The most
common response for this category of constraints
was simply “viruses”, but respondents also reported
Pepper yellow leaf curl virus (PepYLCV; Begomo-
virus) (1 respondent), Tomato brown rugrose fruit
virus (ToBRFV; Tobamovirus) (2), Chilli leaf curl virus
(ChiLCV; Begomovirus) (2) and Tomato spotted wilt
virus (TSWV; Tospovirus) (1). A small percentageof
respondents reported that anthracnose (caused by
Colletotrichum spp.), thrips, fungi, whitefly, gen-
eral bacterial diseases and bacterial wilt were major
constraints to their regeneration or multiplication of
Capsicum.

o2 | —
26-50% -

8 10 12 14 16

Number of survey respondents

B Capsicum annuum I Wild species

Other domesticated species

Figure 3.8. Number of survey respondents (n = 40) reporting the proportion of their Capsicum collections urgently needing
regeneration, per taxon grouped into three categories (C. annuum, other domesticated species, and wild species).

Regeneration |

Germination testing | I
Viability testing | RS

Heath testing | NEEEEG—
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Figure 3.9. Intervals for testing and for regeneration of Capsicum accessions, averaged across stakeholder survey respondents (n = 40).
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3.5 Status of characterization and eval-
uation of Capsicum genetic resources

Global genetic resources databases do not provide
specific information on characterization or evalua-
does offer access to a morphological characterization
dataset for 74 accessions of Capsicum held by CATIE
(from 2008-2010 and 2011-2012. Various national
genebank information systems may offer characteri-
zation and evaluation data for Capsicum (not covered
here).

From the stakeholder surveys, on average, 60% of
the accessions of the domesticated/cultivated Cap-
sicum species conserved by respondents have some
agro-morphological (phenotypic) characterization
data, while 30% of the accessions of the wild Cap-
sicum species have these data. Approximately 9%
of both the cultivated and the wild accessions have
been genotyped using molecular markers or other
sequencing techniques (Figure 3.11). Only 18% of
domesticated/cultivated accessions and 10% of wild
accessions have been phenotyped for biotic stresses,
and only 4% of the domesticated/ cultivated acces-
sions and 1% of the wild accessions, on average, for
abiotic stress tolerance.

There was a large variation among respondents

for the traits characterized. Approximately 13% of
respondents reported phenotyping at least some
portion of their Capsicum collection for drought toler-
ance (Figure 3.12). Only 4%, on average, of Capsicum
collections reported phenotyping for abiotic stress
tolerance, while 13% have phenotyped for tolerance
to water deficit stress. Beyond drought, the most
common stresses phenotyped were biotic, with 11% of
respondents phenotyping for bacterial wilt (caused by
Ralstonia spp.), 8% screening for Phytophthora capsici
resistance, and 8% for pests and diseases in general.
Thrips, an important arthropod pest, has been a

focus for screening the Capsicum collections of 5%

of respondents. In addition, 5% of respondents have
phenotyped their collections for tolerance to Chilli

leaf curl virus (ChiLCV; Begomovirus), anthracnose
(caused by Colletotrichum spp.), and viral diseases in
general, as well as abiotic stresses including salinity,
waterlogging, and heat/high temperature. Various
other fungal, bacterial, and viral diseases, as well as
aphids, were reported to be of focus of phenotyping
by approximately 3% of respondents.

Wild Capsicum species have not had extensive char-
acterization or evaluation (van Zonneveld et al. 2015,
Mongkolporn and Taylor 2011), aside from a few
reports of disease resistance (e.g., Kenyon et al. 2014),
unlike the wild relatives of tomato (Solanum lycop-

Viruses*

Thrips
Anthracnose
Fungi

Bacterial wilt
Bacteria

White fly
Bacterial spot
Cotton boll worm
P. capsici
Fusarium

Mites

Alternaria
Powdery mildew
Viroids
Phytoplasma
Weevil

Tuta absoluta
Mealy bug
Aphids

None

0% 5% 10% 15% 20% 25% 30% 35%

Percentage of respondents listing specific biotic constraints to
regeneration and multiplication activities.

Figure 3.10. Number of responses in survey listing specific biotic
constraints to regeneration and multiplication activities. *The
response of viruses also included responses of Pepper yellow
leaf curl virus (PepYLCV; Begomovirus)[1], Tomato brown
rugose fruit virus (ToBRFV; Tobomovirus)[2], Chilli leaf curl virus
(ChiLCV; Begomovirus)[2] and Tomato spotted wilt virus (TSWV;
Tospovirus) [1].

Agro-morphological (phenotypic) characterization data r

Genotypic characterization data (molecular markers, etc.)

Abiotic stress tolerance data

0% 10%

Biotic stress tolerance data r

20% 30% 40% 50% 60%

M Cultivated accessions W Wild accessions

Figure 3.11. Percent of Capsicum collection having characterization or evaluation data, on average across stakeholder survey

respondents, for domesticated species and for wild species accessions.
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ersicum L.) (Lin et al. 2014) and potato (S. tuberosum
L.) (Hirsch et al. 2013), some of the other important
crops in the Solanaceae (Khoury et al. 2019). Tolerance
of wild Capsicum to abiotic stresses such as salinity,
drought, flooding, and heat, all recognized challenges
in the production of the crop taxa (Aloni et al. 2001;
De Pascale et al. 2003; Gajanayake et al. 2011; Han et
al. 1996; Maas and Hoffman 1977; Rao and Li 2003),
has not been widely investigated.

A recent ecogeographic assessment of wild Capsicum
found substantial variation in their climatic niches
across species (Khoury et al. 2019, see Annex V with
supplementary information from Khoury et al. 2019).
Taxa with occurrences in the locations with the highest
maximum temperatures in the warmest month of the
year included C. chacoense, C. annuum var. glabrius-
culum, C. baccatum var. baccatum, C. coccineum, and
C. minutiflorum. Those found in locations with the
lowest temperatures in the coldest month included

C. cardenasii, C. caballeroi, C. eximium, C. friburgense,
and C. flexuosum. Those taxa with occurrences in sites
with the highest precipitation in the wettest month
included C. lanceolatum, C. lycianthoides, C. schot-
tianum, and C. coccineum, while those occurring in
areas with the lowest precipitation in the driest month
included C. hookerianum, C. eximium, C. cardenasii,

C. chacoense, C. eshbaughii, C. galapagoense, C. lon-
gidentatum, C. neei, C. parvifolium, C. tovarii, and

C. caatingae.

Drought

Bacterial wilt

P. capsici

Pests and Diseases
Anthracnose

Chilli leaf curl virus
Heat

Salinity

Thrips

Viruses

Water logging
Aphids

Bacterial spot

Beet curly top virus
Choanephora blight
Cotton boll worm
Fungi

Pepper yellow leaf curl virus
Tobacco mosaic virus

Verticillium dahliae

o
X

2% 4%

While some of these are distant relatives to the cul-
tivated peppers (with a base chromosome number of
13 rather than 12), a number of the taxa with out-
standing potential adaptations are putative progeni-
tors or relatively close relatives, including C. annuum
var. glabriusculum, C. baccatum var. baccatum,

C. cardenasii, C. chacoense, C. eshbaughii, C. exi-
mium, and C. galapagoense. Temperature, precipi-
tation, and other variables also varied considerably
within the ranges of some of the more widespread
taxa, including C. annuum var. glabriusculum, C.
baccatum var. baccatum, and C. rhomboideum, and
for the Andean taxa C. lycianthoides, C. geminifo-
lium, C. dimorphum, and C. coccineum, as well as for
C. lanceolatum. Thus, populations within these taxa
may differ significantly with regard to their ecolog-
ical adaptations and potential traits to offer to crop
improvement.

While ecogeographic information associated with ger-
mplasm accessions can help narrow the potential pool
of useful germplasm targeted by plant breeders, these
data cannot displace the need for direct phenotypic
validation of adaptations, such as for abiotic or biotic
stress tolerance. Further phenotypic characterization
of collections under diverse environmental conditions
and using manipulative experiments (e.g., imposing
moisture stress or inoculating with pathogens) are
needed for Capsicum accessions.

6% 8% 10% 12%

Percentage of institutions responding to the stakeholder survey that have evaluated at least a portion of their Capsicum collection for various abiotic and biotic stresses

Figure 3.12. Number of responses of institutions responding to the stakeholder survey that have evaluated at least a portion of their

Capsicum collection for various abiotic and biotic stresses (n=40).
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3.6 Status of safety duplication of Cap-
sicum genetic resources

The Genesys and FAO WIEWS databases provide

some information on duplication of Capsicum ex situ
accessions. In Genesys, 11,864 out of 32,304 accessions
(36.7%) are specifically noted as currently safety dupli-
cated. At least 3,764 of these are duplicated at the
Svalbard Global Seed Vault (SGSV). Other important
back-up sites include the USDA National Labora-

tory for Genetic Resources Preservation, the Centro
Nacional de Recursos Fitogenéticos (Spain), Warwick
Genetic Resources Unit (UK), and the RDA genebank
(Republic of Korea).

In FAO WIEWS, 8,297 out of 47,503 accessions (17.5%)
are specifically noted as currently safety duplicated.
At least 871 of these are held at the SGSV; other
important back-up sites include the National Plant
Genetic Resources Centre (Taiwan), the Centro
Nacional de Recursos Fitogenéticos (Spain), Warwick
Genetic Resources Unit (UK), and Embrapa Hortalicas
(Brazil).

The Seed Portal of the Svalbard Global Seed Vault
(Nordgen 2022) provides direct information on acces-
sions deposited there. Numbers of Capsicum accessions
per taxon safety duplicated at Svalbard are listed in
Table 3.4, while numbers of accessions per country of
origin are listed in Table 3.6.

From the stakeholder surveys, approximately 21% of

Integrated in another collection within country
Svalbard Global Seed Vault

Black box within country

Integrated in another collection outside country

Black box outside country

Location of the safety duplicates

Other

0% 5%

institutions have completed safety duplication of their
collection in at least one other genebank, while 47%
have partial safety duplication (Figure 3.13). Four insti-
tutions reported having more than 95% of their Cap-
sicum collection safety duplicated, and an additional
four institutions have at least 50% of their collection
of Capsicum duplicated. More than 26% of institutions
have no safety duplication of their Capsicum collection
and an additional 5% are unaware of the status of
safety duplication.

On average, 41% of the Capsicum accessions con-
served by the survey respondents have been safety
duplicated at one or multiple other institutions (this
corresponds to an estimated total of 13,654 acces-
sions). Nearly a quarter of respondents have their
safety duplication integrated in another collection
within their county and approximately a quarter of
respondents have safety duplications at the SGSV.
Approximately 15% of institutions have their Cap-
sicum collection safety duplicated in a “black box”
system within their country, and 12% have safety
duplication in a black box outside of their country.
In addition, 12% of respondents integrate their
safety duplication of Capsicum into another collec-
tion outside of their country. Among the institutions
having safety duplications, 83% have established
formal agreements outlining the terms and obliga-
tions of safety duplication and approximately 21% of
institutions serve as safety duplication sites for other
collections. Notably, nearly a quarter of respondents
report facing constraints to duplication of Capsicum

10% 15% 20% 25% 30%

Percentage among stakeholder survey respondents who have carried out

Safety duplication status of
the Capsicum collection

0% 5%

safety duplications

Colecton s party safety duplicated n another nsirion |
Collection is not safety duplicated in another institution _
Collection is safety duplicated in another institution _

The status of safety duplication is unknown -

10% 15% 20% 25% 30% 35% 40% 45% 50%
Percentage of institutions (Stakeholder survey)

Figure 3.13. Safety duplication status of the Capsicum collection (top) and location of the safety duplicates among those respondents

who have carried out safety duplications (bottom).
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accessions outside of their country, potentially limiting
their ability to fully safeguard their collections.

3.7 Documentation and information
sharing on Capsicum genetic resources

As described in sections 3.1 and 3.5, Genesys, FAO
WIEWS, PlantSearch, and GBIF provide different
aspects of global documentation of Capsicum genetic
resources. These databases currently offer access to
basic taxonomic, institutional, and passport (prove-
nance) information; some, such as Genesys, aspire to
provide characterization and evaluation data as well.

sicum held by CATIE (from 2008-2010 and 2011-2012).
The FAO WIEWS database offers information on the
overall degree of documentation of genetic resources
in national institutions, including for characteriza-
tion and evaluation data, but these are not currently
specified per crop/genus. Various national genebank
information systems may offer documentation data
pertinent for Capsicum; these are not covered here.

Additional insights on the status, availability, and
accessibility of information in national and subna-
tional Capsicum collections can be gained from the
stakeholder surveys. Approximately 60% of respon-
dents to the surveys reported not having an adequate
computerized database to manage the collection and
share accession data, and, further, that their current
system did not meet the needs of the institution or
of the users of the collection. Approximately 21%

of respondents who have a searchable electronic
platform (computerized database) for storing and
retrieving accession-level data, use the freely avail-

respondents include the Integrative Germplasm Infor-
mation Management System (iGMS), the Alelo Portal,
the SADC Plant Genetic Resource Centre Documen-
tation Information System (SDIS), OLGA, and others.
Microsoft Access and Excel were reported to be used
by 32% of respondents for storing and retrieving data.

Passport data is present within an accession-level
database for 83% of institutions responding to the
survey, while 73% of institutions have taxonomic data
for their collection (Figure 3.14). Characterization data
and associated images exist in the accession level data-
base for the Capsicum collections surveyed in 59% and
51% of the institutions, respectively. Approximately
42% of institutions have evaluation data for their
Capsicum collection and maintain distribution data in
their database. Genotypic data has been collected and
maintained in an accession-level database by 27% of
respondents, and more than 7% of respondents main-
tain other types of data for the collection.

Nearly 60% of the respondents make accession-level
data publicly available, while 27% reported that this
information is private (Figure 3.15). Accession-level
data for the Capsicum collection can be accessed
through a searchable online database, from outside
the institution, for 32% of respondents. An additional
42% of respondents make accession-level data avail-
able through a written catalog or only when a poten-
tial user contacts the Capsicum curator. Nearly 27%

of institutions reported that accession-level data is

Passport 83%

Taxonomy 73%

Characterization 59%

Images 51%

Distribution 42%

Type of accession-level data

Evaluation 42%

Genotypes 27%

Other . 7%

0% 20% 40% 60% 80%
Percent of stakeholder survey respondents

Figure 3.14. Percent of stakeholder survey respondents holding
different types of accession-level data for their Capsicum
collections
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Figure 3.15. Percent of stakeholder survey respondents and

type of accessibility of accession-level data for their Capsicum
collections
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available and searchable online from within the insti-
tution. For the institutions that make accession-level
data accessible, 32% allow the data to be accessed
internationally, 28% make it available nationally, and
22% have regional-specific access (Figure 3.16).

3.8 Access to, distribution of, and use
of Capsicum genetic resources

Capsicum crops are a particular area of focus for
WorldVeg and CATIE, who make germplasm collec-
tions and breeding materials freely available inter-
nationally. These crops are not currently considered
mandate species in CGIAR centers. Regarding access to
Capsicum genetic resources, the crop is not currently
listed in Annex 1 as covered under the Multilateral
System (MLS) of Access and Benefit Sharing of the
International Treaty on Plant Genetic Resources for
Food and Agriculture (FAO 2002).

The global databases Genesys and FAO WIEWS do pro-
vide some insight into the degree to which Capsicum
collections are in any case included within the MLS,

as Parties to the ITPGRFA may voluntarily place their
collections within the system, or treat their accessions
under equivalent terms, regardless of whether or not
they are specifically listed in Annex 1. From Genesys,

it appears that 1687 (5% of total) Capsicum acces-
sions are listed as included in the MLS, 9676 (30%)
specifically not in the MLS, and 20,941 (65%) are not
specified. For FAO WIEWS, 10,256 (22%) Capsicum
accessions are listed as included in the MLS and 37,247
(78%) are blank (either not in MLS or not specified).

It is clear that these fields in the respective databases
are not comprehensively filled, thus considerable
uncertainty remains as to the access status of Cap-
sicum accessions.

In terms of distributions of Capsicum germplasm
under the auspices of the ITPGRFA, its Global Infor-
mation System, using data tracking the use of stan-
dard Material Transfer Agreements (SMTAs) from
2012 to 2019, reports 7,992 exchanges of Capsicum in
this time period (999 transfers per year, on average).
This data may be confounded by the use of the term
‘pepper’ in reporting, which may also indicate trans-
fers of Piper L. species, although the vast majority of
exchanges are in fact likely to be of Capsicum. These
transfers make Capsicum among the most exchanged
of vegetable crops in the MLS, others being cab-
bages and other brassicas, lettuce, tomatoes, spinach,
beets, and eggplant (Khoury et al. 2022). Likewise,
information reported through FAO WIEWS about

the number of accessions and the number of samples
distributed from 2012 to 2019 by national genebanks
indicates that Capsicum is among the most distributed
of vegetable crops (with a total of 9,646 accessions
and 35,170 samples distributed) (Khoury et al., 2022).
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Similarly, FAO WIEWS information on the number of
farmers’ varieties/landraces distributed by national or
local genebanks to farmers (either directly or through
intermediaries) lists Capsicum among the most distrib-
uted vegetables, only topped by crops in the genus
Cucurbita L.).

Among the institutions that returned the stakeholder
surveys, 61% distribute their Capsicum accessions in
addition to conserving them. Among these institu-
tions, 58% distribute accessions nationally and inter-
nationally to all or most countries, while nearly 40%
distribute Capsicum germplasm only to users within
their own country, and 3% distribute to users only in
certain countries (Figure 3.17).

Of those respondents who distribute Capsicum acces-
sions, 64% report doing so under institutional mate-
rial transfer agreements or other bi-laterial agree-
ments, while 42% distribute material following the
ITPGRFA (i.e., using the SMTA) (Figure 3.18). Further,
24% of institutions distribute following the Nagoya
Protocol for the Convention on Biological Diversity
and 6% distribute under another agreement. Notably,
18% of institutions report distributing germplasm
without any terms or conditions.

In general, accessing Capsicum germplasm is

largely free of cost for users among the institutions
responding to the surveys. Approximately 27% of
institutions charge users the costs of shipping, 17%
charge users for the costs of phytosanitary testing or
quarantine, and 15% charge a fee for accessing the
accessions themselves. The ITPGRFA stipulates that

International 32%

Regional 22%

Access for accession-level data

National 28%

0% 10% 20% 30%
Stakeholder survey respondents

Figure 3.16. Percent of stakeholder survey respondents and
geographic access for accession-level data for their Capsicum
collections. Data are for those collections making their
accession-level data accessible (n=34).



any fees charged shall not exceed the minimum costs
involved. Amounts charged for accessions and the
minimum costs involved in making Capsicum acces-
sions available to users were not included as questions
in the stakeholder surveys.

Based on data from the previous three years, in

total, for the institutions responding to our survey,
5,032 accessions of the domesticated or cultivated
species were distributed to users within their own
nation (Figure 3.19). More than 800 accessions of the
wild Capsicum species were distributed nationally.
The number of institutions distributing Capsicum
accessions internationally was around 60% of those
distributed nationally. A total of 3,847 accessions of
domesticated Capsicum species and 473 accessions of
wild Capsicum species were distributed internationally.
For both national and international distributions, and
both cultivated and wild accession types, distributions
across institutions displayed a very uneven spread,
with the majority distributing very little, and a few
institutions distributing the majority. The USDA-ARS
Plant Genetic Resources Conservation Unit was the
largest distributor of Capsicum among the respon-
dents both nationally and internationally, and for
both wild and domesticated species.

The largest group of users of the distributed Cap-
sicum accessions, as reported by stakeholders in the
surveys, were academic researchers and students at
universities, making up more than 40% of recipients,
on average (Figure 3.20). Public sector breeding pro-
grams, on average, made up the second largest named

category of recipients (26%), followed by research
institutions (22%), and governmental departments

as well as farmers or farmer organizations, each
accounting for 19% of distributions. Private sector
breeding programs accounted for 13% of Capsicum
recipients, which was slightly higher than non-gov-
ernmental organizations (11%) and other genebanks
(9%), on average. Interestingly, the overall second
largest group of Capsicum recipients were identified
as "other”. It is unclear what category of users makes
up such a large proportion of recipients of Capsicum,
and whether this number relates more to lack of infor-
mation than to a previously under-recognized user
category.

Approximately one-third of institutions have observed
a notable increase in the number of Capsicum acces-
sions distributed over the past 5 to 10 years (Figure
3.21). Similarly, 33% of respondents reported that
they anticipate an increase in Capsicum distributions
over the next 5 to 10 years. Nearly half (49%) of insti-
tutions responding to the survey reported observing a
relatively stable number of distributions of Capsicum
of the past decade, while 18% observed a decrease.
Approximately 63% of respondents anticipated that
during the next 5 to 10 years the number of Cap-
sicum accessions distributed to users would remain
stable. Very few (3%) institutions expect to observe a
decrease in the number of distributions of Capsicum
over the next decade. Global SMTA distributions of
Capsicum between 2012 and 2019 are relatively stable
across years, although with somewhat fewer distribu-
tions in the most recent three years.

0% 10% 20% 30% 40%

50% 60% 70% 80% 90%  100%

Il Nationally and internationally to most/all countries

B Only to users in own country [l Only to users in certain countries

Figure 3.17. Distribution arrangements for Capsicum collections, reporting the percent of institutions and their distribution

arrangement status. Data includes only those collections making their accessions accessible (n=33) that answered the stakeholder
survey.

Distribute using institutional material transfer agreement (MTA)
or other bi-lateral agreement

Distribute following the International Treaty on PGR for Food and _
Agriculture (ITPGRFA) (Standard Material Transfer Agreement)
Distribute following the Nagoya Protocol for the CBD _
Freely distributed without terms or conditions _

Distribute using other agreement

Legal framework under which
Capsicum accessions are distributed

0% 10% 20% 30% 40% 50% 60% 70%
Survey respondents

Figure 3.18. Legal framework under which Capsicum accessions are distributed, according to survey respondents (n=33).
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In terms of biotic constraints to distributing Capsicum

samples, approximately 43% of stakeholder survey GE >000

respondents reported viruses as major limiting chal- ™

lenges, including Tomato brown rugose fruit virus, 8 4000

and 7% reported viroids (Figure 3.22). Fungal diseases 2

were reported by 14% of respondents to be seed E

distribution constraints. Notably, 36% of respondents :5:, 3000

reported that there were no pests or diseases limiting a

distribution; however, this value is similar to the per- E 2000

centage of institutions that distribute germplasm only °

within their own country, which would likely have <

minimal or no phytosanitary requirements. g 1000
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the ex situ conservation and use of g 0 , , , ,
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Approximately 27% of stakeholder survey respondents

report having had a formal risk assessment performed Figure 3.19 Total number of Capsicum samples distributed
d lan d | df heir insti nationally and internationally during the past three years,
and a management plan developed for their institu- as reported by survey respondents, for cultivated and wild

tions. In the surveys, respondents provided a self-as- accessions.

Academic researchers and students (universities)
other I 2539%
Breeding programs: public sector - | 26%
Research institutes | 2%
Governmental departments [ R (0
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Breeding programs: private sector | R R 10
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Figure 3.20. Recipient types of Capsicum samples distributed by stakeholder survey respondents, on average across respondents.
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Figure 3.21. Level of distributions of Capsicum samples in the past 5 to 10 years, as well as expected level for the next 5 to 10 years.
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Figure 3.22. Number of stakeholder survey respondents listing biotic constraints to Capsicum germplasm distributions (n=40).
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sessment for several risk factors associated with their
Capsicum collection, based on the current situation
and how the future is expected to be. The risk factor
assessment used a three-point scale, where 1 indicated
an inadequate situation, 2 indicated an adequate
situation, and 3 indicated an excellent situation. On
average, the funding for routine operations and
maintenance of the Capsicum collection was reported
to be largely inadequate currently (1.4 on average)
and this was not expected to significantly improve in
the future (1.7) (Figure 3.23). Similarly, staff retention
was generally reported to be inadequate, currently
(1.5), but in the future staff retention is anticipated
to become nearly adequate (1.7). On average, there
were three major areas in which respondents were
quite positive for the future. The first area was
feedback from users, which was rated as insufficient
(1.5) currently, but anticipated to improve to better
than adequate (2.1) in the future. Similarly, use by
breeders and interest by donors was perceived to be
currently nearly adequate (1.7 and 1.5, respectively),
with this to improve to be better than adequate (2.1
and 2.1, respectively) in the future. Both the current
access to germplasm information, such as passport
data, and genetic variability in the collection needed

Use by breeders/researchers

Feedback from users

Access to germplasm information

Genetic variability in the collections
needed by users/breeders

Interest for PGR conservation by donors

Category/Domain assessed

Retention of trained staff

by users were rated as nearly adequate, on average,
(1.9 and 1.9, respectively) and these were anticipated
to improve slightly in the future (2.4 and 2.3, respec-
tively).

Lack of funding and human resources or capacity
were the most common vulnerabilities identified that
significantly threaten the global Capsicum collection,
each cited by approximately 23% of respondents
(Figure 3.24). Nearly 60% of institutions have seen a
decrease in their budget over the past five years, while
29% have seen no change in their budget over the
past years and 5% of institutions have experienced
increases. Nearly 19% of institutions reported that

the regeneration backlog and loss of seed viability

or germination rate were significant threats to the
collection. Inadequate facilities (12%) and lack of
safety duplications (6%) were found to be the third
and fourth most common threat identified by the
institutions conserving Capsicum. Less than 4% of
respondents reported that bureaucracy, emerging
pests and diseases, inadequate representation or lack
of diversity, cross-pollination or outcrossing, data man-
agement, or local conditions that are not suitable for
Capsicum as significant vulnerabilities of the collection.

(passport data, etc.) | e

Fundingfor rutine aperationsimaintenance - e

0.
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Figure 3.23. State of funding, staffing, donor interest, genetic diversity, access, user feedback, and use of collections, currently and in

the future, on average across stakeholder survey respondents (n = 31).
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Figure 3.24. Number of stakeholder survey respondents listing different vulnerabilities to Capsicum collections (n=40).
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3.10 Networks and other collabora-
tive initiatives on Capsicum genetic
resources

Relatively little information on genetic resource
networks or other collaborative initiatives focused
on Capsicum was garnered through the survey and
consultations. Those past and current networks and
other collaborative initiatives pertinent to Capsicum
genetic resources, as recognized by the participants of
the stakeholder meetings, are discussed below.
aims at increasing the knowledge about and use
of the seeds from tens of thousands of genetic
accessions of the four major Solanaceous food crops
(potato, tomato, pepper and eggplant) that are
stored in genebanks worldwide. This has project
based funding from the European Union. Although
focused on Europe, WorldVeg is also involved.

gramme among many European countries aimed at
ensuring the long-term conservation and facili-
tating the increased utilization of plant genetic
resources in Europe, including for Capsicum. Pepper
was selected as a vegetable of significant interest

experience from recent or ongoing Horizon2020
projects LIVESEEDS, BRESOV and G2PSOL as well as
the ECPGR Solanaceae Working Group.

e The Simposio de Recursos Genéticos para América
Latina y el Caribe (SIRGEALC) has provided a
platform historically for curators of Latin Amer-
ican genebanks to exchange ideas and resources.
According to the information we received as part of
the survey’s respondents and stakeholder meetings
processes, this is currently not running.

related to genetic resources across parts of Africa
and includes international centers such as Worl-
dVeg.

e The Taiwan Seed Industry Exchange Platform was
established during 2017 to strengthen ties with
Taiwan seed companies and public organizations
working in vegetable improvement. The platform
facilitates information exchange between World-
Veg's researchers and vegetable breeders in Taiwan
and fosters special initiatives to serve the interests
of Taiwanese companies. Platform membership is
free and members receive regular updates and an
annual newsletter, as well as invitations to events.
There is a dedicated contact person at WorldVeg
who can respond to any requests in Mandarin. One
of the initiatives of the platform is to collaborate in
regenerating WorldVeg genebank accessions, which
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is done using the facilities and staff of Taiwan seed
companies. The platform has resulted in a signifi-
cant reduction in the number of accessions in the
backlog at WorldVeg.

The first Indonesian genebank dedicated to horti-
cultural crops, particularly vegetables, was recently
established through a collaboration between the
tropical vegetable seed company East-West Seed
and Universitas Gadjah Mada (UGM), a public
research institution in Yogyakarta. The genebank,
which stores and preserves genetic resources of
various vegetable crops, is located at the Agro
Technology Innovation Center of UGM. Capsicum
is one of the target species of the genebank and

is currently the largest collection housed there.

In addition to financial support from the private
sector, the genebank receives technical assistance
and backstopping from WorldVeg. The UGM
genebank is expected to grow more through the
voluntary seed contribution of both private and
public institutions.

The Association of Southeast Asian Nations (ASEAN)
and WorldVeg have a longstanding network,
AARNET, with the mission to coordinate and facili-
tate development and implementation of projects
on vegetables in ASEAN member countries, as well
as facilitate information exchange, technology
transfer and training on vegetable production
related fields.

The Taiwan-Africa Vegetable Initiative (TAVI) is a
project being coordinated by WorldVeg to conserve
and use African vegetable biodiversity to address
malnutrition by increasing the production and
consumption of nutritious vegetables in Eswatini,
Tanzania, Madagascar, and Benin.Over three years,
project partners expect to collect 4,800 landraces
and crop wild relatives from 25 species in the four
countries, which are “hotspots” of vegetable biodi-
versity in Africa. TAVI is currently guiding upgrades
to improve seed handling and storage at Eswatini’s
National Plant Genetic Resources Centre (NPGRQC)
and the genebank at the WorldVeg Eastern and
Southern Africa facility in Tanzania to accommo-
date the new seed lots.

Through funding from the Ministry of Foreign
Affairs of Taiwan, WorldVeg has recently estab-
lished a network to enhance international coop-
eration in vegetable research and development in
Latin America and the Caribbean. In addition to
promoting vegetable diversity and strengthening
national programs, the project also supports the
rescue of Capsicum and other species collected

in the region and provide safety duplication for
CATIE at the WorldVeg. To date, 210 cucurbit, 10
tomato, 270 amaranth, and 72 Capsicum accessions
originating in Latin America have been conserved
through this project.


http://www.g2p-sol.eu/
https://www.ecpgr.cgiar.org/
https://www.ecpgr.cgiar.org/
https://www.ecpgr.cgiar.org/european-evaluation-network-eva/eva-networks/pepper
https://www.ecpgr.cgiar.org/european-evaluation-network-eva/eva-networks/pepper
https://au.int/sw/node/19348
https://au.int/sw/node/19348
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IN SITU CONSERVATION OF CAPSICUM
GENETIC RESOURCES

Established protected areas and other open spaces

in the Americas likely offer some degree of habitat
conservation for some wild Capsicum populations
(Khoury et al. 2019) and, to a much more limited
degree, possibly some landraces, although both are
only extremely rarely prioritized in management plans
(Khoury et al. 2020). Confirmation of the persistence
of such populations, and of population sizes likely

to be viable under current and projected future
pressures, require further validation and continued
monitoring. Robust long-term conservation of these
populations will likely require active management
plans to ensure persistence in the contexts of climate
change, invasive species, and competing management
priorities (Khoury et al. 2020). There is only one land
area currently known to us where active monitoring
and management plans have been established to
facilitate long-term conservation specifically for wild
Capsicum: the U.S. Forest Service Wild Chile Botan-
ical Area in Rock Corral Canyon, Coronado National
Forest, Arizona, USA. Although not widely published
(Barchenger and Bosland, 2019), the emerging evi-
dence that seed of some wild species, such as C. lance-
olatum and possibly others, cannot be stored short- or
long-term, further highlights the importance of such
protected areas in conservation of the genetic diver-
sity of Capsicum.

Recent conservation assessments are lacking for much
of the Capsicum genus. The IUCN Red List of Threat-
ened Species currently lists eight taxa. C. annuum
(Aguilar-Meléndez et al. 2019), C. caatingae (BGCl &
IUCN SSC Global Tree Specialist Group 2019), C. exi-
mium (Mendoza and Madrinan 2020), C. frutescens
(Azurdia et al., 2017b), and C. rhomboideum (Azurdia
et al. 2017c¢) are listed as of Least Concern (LC),
although populations of C. frutescens are decreasing
due to agriculture, livestock ranching, and wild har-

vesting. C. eshbaughii (Mendoza 2020), C. lanceolatum
(Azurdia et al. 2017a), and C. tovarii (Gonzales Arce
2020) are listed as Endangered (EN).

The majority of the wild Capsicum are endemics or are
otherwise restricted to specific environments. These
include: C. caatingae, C. campylopodium, C. cornutum,
C. friburgense, C. hunzikerianum, C. longidentatum,
C. mirabile, C. pereirae, C. recurvatum, C. schottianum,
C. villosum var. muticum, and C. villosum var. villosum
in coastal Brazil; C. caballeroi, C. cardenasii, C. cera-
tocalyx, C. eshbaughii, C. minutiflorum, and C. neei

in Bolivia; C. galapagoense in the Galapagos Islands;
C. benoistii, C. hookerianum, C. longifolium, and

C. piuranum in mainland Ecuador and/or northern
Peru; and C. tovarii in central-southern Peru (Khoury
et al. 2019).

A recent ecogeographic conservation assessment for
wild Capsicum generated preliminary Red List desig-
nations for the taxa based on their range sizes and
number of known populations (Khoury et al. 2019).
This indicated that C. benoistii, C. ceratocalyx, C. esh-
baughii, C. friburgense, C. piuranum, and C. villosum
var. muticum could be candidates for designation as
Critically Endangered (CR), and C. cardenasii, C. gala-
pagoense, and C. hunzikerianum as Endangered (EN)
(although a number of populations of the last two
taxa occur in protected areas). Further, C. caballeroi,
C. campylopodium, C. cornutum, C. hookerianum,

C. longidentatum, C. longifolium, C. minutiflorum,

C. neei, C. pereirae, and C. tovarii may be considered
as Vulnerable (VU); C. coccineum, C. lanceolatum,

C. mirabile, C. recurvatum, C. schottianum, and C. vil-
losum var. villosum possibly as Near Threatened (NT);
and the remaining taxa, including the two putative
progenitors, as of Least Concern (LC).
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ENHANCING THE CONSERVATION AND USE OF
CAPSICUM GENETIC RESOURCES

This section summarizes the current state of knowl-
edge on Capsicum genetic resources and discusses
priority actions to enhance their conservation and use.

Capsicum diversity, genetic resource collections,
and acquisition priorities

Fundamental information on the taxonomy, eco-
geographic distribution, and patterns of diversity in
Capsicum is likely quite well established at this point.
The genus is well understood; several new wild spe-
cies have been described in recent years and species
boundaries and synonymy further clarified (Barboza
and Bianchetti 2005; Barboza et al. 2011, 2019, 2020,
2022; Khoury et al. 2019). It is possible that one or
more additional taxa may remain to be discovered.

If so, these are likely to be species of limited ranges
and exposed to threats including habitat destruction,
invasive species, climate change, and others. They
are also likely to be very poorly represented ex situ.
Of particular interest, not only for taxonomic studies

but also for genetic resources implications, would be
the identification of the progenitors of cultivated

C. chinense, C. frutescens, and C. pubescens, if they
still persist. A second priority with genetic resources
implications would be the completion of crossability
and phylogenetic studies across all Capsicum taxa,
which will be important for clearer establishment of
clades, complexes, and genepool classifications within
the genus. Within the cultivated taxa, some further
elucidation of patterns of varietal and genetic diver-
sity is needed, for example for C. annuum in South
and Southeast Asia, C. chinense in West and Central
Africa and in parts of Asia, and C. frutescens in Africa
and Asia.

Substantial Capsicum genetic resources are conserved
ex situ in international, national, and subnational gen-
ebanks, universities, botanic gardens, seed conserva-
tion organizations, and other institutions worldwide,
with over 50,000 accessions in total. It is not currently
clear, or straightforward to clarify, what proportion
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of these represent distinct and unique accessions,
although the stakeholder surveys conducted during
the development of this strategy indicate that many
collections are considered to be highly distinct/unique,
at least in terms of the accessions within (not across)
these collections. Further collaboration in comparing
accessions at the nomenclatural, phenotypic, and
genetic levels will be needed to arrive at a clearer
understanding of the distinctness of accessions and
degree of duplication both within and among collec-
tions.

From the global databases as well as the stakeholder
surveys, several collections stand out in terms of num-
bers of accessions, species-level diversity, and/or diver-
sity in countries of origin of samples. These include
WorldVeg, the USDA Plant Genetic Resources Conser-
vation Unit (USA), the Centre for Genetic Resources
(Netherlands), the Leibniz Institute of Plant Genetics
and Crop Plant Research (IPK)/Information and Coordi-
nation Centre for Biological Diversity (IBV) (Germany),
Embrapa (Brazil), New Mexico State University (USA),
the Institute for Agrobotany (RCA)/Centre for Plant
Diversity (Hungary), the Centro Agronémico Tropical
de Investigacién y Ensefianza (CATIE), the Departa-
mento Nacional de Recursos Fitogenéticos (Ecuador),
the Instituto Nacional de Innovacién Agropecuaria y
Forestal (Bolivia), the Research Centre for Vegetable
and Ornamental Crops (ltaly), the Taiwan Agricultural
Research Institute (Taiwan), the National Agriculture
and Food Research Organization Genebank (Japan),
the Universitat Politécnica de Valéncia (Spain), the
Corporacion Colombiana de investigacion Agropec-
uaria (AGROSAVIA) (Colombia), and the Centre de
Ressources Biologiques Légumes, Institut national de
recherche pour l'agriculture, I'alimentation et I'envi-
ronnement (INRAE) (France). These are clearly diverse
collections, and attention should be paid to their
long-term security and the availability and accessibility
of their Capsicum accessions for use.

This list should not be considered complete, however;
from the stakeholder survey responses it is evident
that Capsicum collections worldwide are not fully
reported in global databases such as Genesys, FAO
WIEWS, PlantSearch, and GBIF; likewise, the infor-
mation contained within these databases may not be
fully updated or accurate. Moreover, the stakeholder
surveys returned during this strategy process were
not comprehensive of all Capsicum collections world-
wide, with particularly notable gaps for collections
in Mexico and other parts of Mesoamerica as well as
South America, and important secondary regions of
diversity in Asia such as China, Korea, and India. One
simple and seemingly resolvable roadblock encoun-
tered in the survey process that certainly led to less-
than-optimal response rates was that contact infor-
mation — at least through electronic means (i.e. email
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address) — for a substantial proportion of Capsicum
collections listed in global databases and also on insti-
tutional websites are no longer functioning or active.
It is therefore difficult to easily contact Capsicum
colleagues in many ex situ facilities; paper mail may
be the only option for some. A further impediment

to more comprehensive responses to the survey may
have been not offering the survey in languages other
than English and Spanish, and failing to communicate
by email and through relevant networks in all of the
languages spoken by Capsicum stakeholders. Further
updating and availability of contact information for
Capsicum collections is important to the further devel-
opment of this strategy.

Regarding taxonomic representation of Capsicum in
ex situ conservation, the cultivated taxa are clearly
much better represented than the wild species, as
with most crop genepools, and likely comprise around
97-99% of all Capsicum accessions worldwide. Repre-
sentation across cultivated taxa generally reflects the
global importance and geographic spread of the taxa.
However, even among the cultivated taxa there are
regions and countries that are less well represented in
ex situ collections (based on the data available to us).
For C. annuum var. annuum, West and Central Africa
are poorly represented in ex situ collections, like-
wise, in South Asia, Myanmar, Nepal and Bhutan are
underrepresented, and in Southeast Asia, Cambodia
and Laos. In South America, Venezuela, Paraguay,
Uruguay, Suriname and Chile appear to be not well
represented as well. For C. chinense, the available
data suggests that Central Africa and West Africa,
Southeast Asia, East Asia and Oceania are not well
represented in ex situ collections. For C. frutescens, in
Southeast Asia, Indonesia and Myanmar seem to be
particularly under-represented ex situ; similarly, for
Taiwan in East Asia. For C. pubescens, the data suggest
that further collecting is needed in Mexico, Central
America, Bolivia, and Colombia.

Conversely, the wild species are generally extremely
poorly represented ex situ, with only a few exceptions,
i.e. C. annuum var. glabriusculum, C. chacoense, and
potentially C. baccatum var. baccatum in terms of
absolute number of accessions; C. cardenasii may also
be considered fairly well represented in the context

of coverage across its geographic range (Khoury et al.
2019). Further collecting of the remaining wild species,
as well as of geographic and ecological gaps in even
these aforementioned wild relatives, is clearly needed
to improve their representation in ex situ conservation
and their availability and accessibility for research,
including for plant breeding. Further collecting within
taxonomic hotspots, namely Brazil, Andean countries,
and parts of Mesoamerica are of particular importance
and may provide an opportunity for efficient collecting
of multiple taxa and ecotypes (Khoury et al. 2019).



Information reported in the global databases on

the biological status of Capsicum genetic resources

is highly incomplete, with nearly 50% of accessions
unspecified, while stakeholder surveys indicate that
an even higher proportion of accessions may not be
clearly specified. This lack of information is likely to
limit the exploration of the unspecified accessions for
genetic resource purposes, thus further efforts to com-
plete these data, as possible, would be useful. From
the available information from the global databases
and surveys, landraces appear to have the most acces-
sions, followed by cultivars and breeding materials.

It is not currently clear or straightforward to assess

to what degree these total numbers represent extant
diversity in farmers’ fields and in breeding programs.
It is very likely that breeding programs not reported in
the global databases or stakeholder surveys currently
work with a range of breeding materials and poten-
tially cultivars, landraces, and other types of material,
and which are not conserved for the long-term in ex
situ facilities. Alongside further assessments of the
comprehensiveness of conservation of landraces (and
wild relatives) in situ, collaborations with breeding
programs to ensure the long-term conservation of
materials of interest is warranted.

Gaps in collections were identified by the vast majority
of stakeholder survey respondents, including at spe-
cies/taxa, genetic, ecogeographic, varietal, trait, and
other levels. Most respondents also foresee expansions
of their collections in the coming decade, mainly by
collecting in under-represented regions and through
germplasm exchange. Funding for gap-filling was
mentioned by several respondents as a major limita-
tion to these aspirations.

The Capsicum community engaged in this strategy
identified a series of ways by which further acquisi-
tion may proceed, toward the larger goal of greater
representation of Capsicum diversity within ex situ
collections globally. Collaboration to this end is key,
including by international and regional institutions
partnering with national genebanks to jointly conduct
field collecting. Recognizing current policy challenges
to bilateral exchange of Capsicum genetic resources,
international facilitation by organizations such as the
Crop Trust may be extremely helpful in negotiating
such partnerships and in organizing funding, which
would hopefully come from relevant national as well
as international and other sources.

Structure, management, and conditions of
Capsicum collections

From the global databases and stakeholder surveys, it
appears that long-term storage infrastructure exists
for the great majority of Capsicum collections, while
medium- and short-term conditions supplement the

long-term infrastructure. This is good news. Further
efforts should certainly be made to ensure presence
in long-term infrastructure for all distinct accessions,
either at their current sites or through duplication

at institutions with the appropriate infrastructure.
Likewise, further efforts to improve storage materials
(e.g. aluminum packets) and processes (i.e. tempera-
ture and humidity standards) should be made for
collections not currently following optimum prac-
tices. For many collections, pests and diseases provide
challenges to storage and maintenance, and further
efforts to limit their negative impacts are important.
All these maintenance priorities have financial impli-
cations; in some cases, it may be more expedient to
duplicate distinct accessions to international or other
Capsicum collections rather than to implement all
ideal changes at all institutions.

The body of literature on storage life of Capsicum
seed is limited. There are apparently genotypic effects
involved in seed viability in short-, medium-, and long-
term storage conditions, with some species requiring
conservation as live plants. There are additional fac-
tors that contribute to viability of the seed in storage,
many of which are associated with the growing con-
ditions of the mother plant. In addition, the various
treatments that have been employed to reduce or
eliminate pathogens from the seeds may also result

in reduced viability. There is a clear and pressing need
to study the multitude of factors contributing to loss
of viability for all Capsicum species in storage and to
develop a set of standards to ensure best practices.
This should include research on alternatives to tradi-
tional cold storage of seed, such as through in vitro
and cryopreservation. A collaborative effort across
genebanks and users would be most useful to develop
and disseminate new and improved protocols.

Regeneration and multiplication of Capsicum
genetic resources

Almost 40% of Capsicum accessions worldwide
presently require urgent regeneration according to
stakeholder survey respondents, with some institu-
tions reporting 100% of accessions requiring urgent
regeneration. A reasonable interval of 12 years on
average for regeneration exists across respondents,
assuming adequate long-term storage conditions are
implemented, although the extremes range from 2 to
50 years, neither of which are likely ideal for long-
term maintenance of genetic diversity. The multiple
biotic factors constraining regeneration efforts include
viruses (especially ToBRFV), bacteria, fungi, and insect
pests; in combination, these present major challenges
to regeneration and maintenance.

Further efforts — and corollary resources — are clearly
needed to reduce the number of accessions urgently
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needing regeneration. Again, collaborations may be
useful, as exemplified by WorldVeg's regeneration
activities conducted as a partnership between the
genebank and the plant breeding program. Such a
model may not work as easily in institutions without
breeding programs, although some examples now
exist of external breeding programs — including
private companies — productively collaborating with
genebanks to accomplish regeneration (as exemplified
by collaborations arranged by the Centre for Genetic
Resources, The Netherlands and WorldVeg with
private companies). Collaboration with farmers may
be another promising avenue to accomplish regener-
ation and multiplication (and incidentally also foster
use); this approach has been used for Capsicum by the
Instituto de Investigaciones Agropecuarias, Chile. As

a more global approach, a large project such as the
“Global System Project”, funded by the Bill & Melinda
Gates Foundation and managed by the Crop Trust
over a decade ago, at that time with focus on staple
cereals, pulses, and starchy crops, could make a major
impact in reducing backlogs in regeneration (as well
as characterization and safety duplication), if such

a project could be created for Capsicum and other
important horticultural/vegetable crops. Alternatively,
duplication of Capsicum accessions at international or
other repositories where regeneration may be more
feasible, and subsequent reduction of collections in
less well resourced institutions may need to be consid-
ered.

Characterization and evaluation of Capsicum
genetic resources

As mentioned above, further data gaps remain to be
filled to correctly record basic characters on accessions
such as their taxonomy and biological status, as well as
collecting/acquisition source and other passport data.
A stakeholder participant also mentioned that locality
data — especially coordinates — are often inaccurate for
older accessions; this fundamental data gap may not
be completely solvable without new collecting, but
some efforts could be made to improve locality data in
databases.

From the stakeholder surveys, it appears that a sub-
stantial proportion of Capsicum accessions, have been
characterized for phenotypic characters. This is good
news for their potential value for crop breeding, and
further efforts should be made to complete characteri-
zation of collections. Stakeholder meeting participants
did note, though, that there may be a disconnect
between the basic characters recorded by genebanks
and those of most importance to crop breeders, thus
more interaction, including potentially an update of
the characterization guidelines for Capsicum genetic
resources, may be in order.
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Much less data currently exists for evaluation for biotic
and abiotic stresses, and for genotyping. Meeting par-
ticipants noted that funding for evaluation and geno-
typing was less easily found than for phenotypic or
basic characterization. Further, participants noted that
evaluation in multiple environments was important
for a better understanding of resistance to biotic and
abiotic constraints. Unfortunately, screening for these
stresses is expensive and challenging, as is “cleaning”
the accessions if important diseases are found. New
(seed-bourne) diseases inevitably remain to be discov-
ered. Relatively few Capsicum collections currently can
and in the future will be able to continue to afford
continuous screening for these (increasing) biotic
pressures.

As with acquisition and regeneration, collaborations
to characterize and evaluate Capsicum collections

may therefore be among the most promising ways
forward, in particular between ex situ facilities on one
side and both public and private breeding programs
on the other; collaboration with the private sector is
becoming more common in Europe. As a more global
approach, a large project such as the previously men-
tioned “Global System Project” could make a major
impact in characterizing Capsicum accessions while
also reducing regeneration backlogs and addressing
safety duplication deficiencies, if such a project could
be created for Capsicum. Alternatively, duplication of
Capsicum accessions at international or other reposito-
ries where resources for characterization and evalua-
tion are more available may be considered, if data was
sure to flow back to the genebanks.

Safety duplication of Capsicum genetic
resources

As Capsicum accessions can be conserved as seed,
existing facilities appear to be capable of providing
safety duplication of chile pepper collections globally,
including at the Svalbard Global Seed Vault (SGSV)
and at WorldVeg and CATIE, as well as at national
genebanks such as the USDA National Laboratory

for Genetic Resources Preservation (USA), the Centro
Nacional de Recursos Fitogenéticos (Spain), War-
wick Genetic Resources Unit (UK), RDA's genebank
(Republic of Korea), the National Plant Genetic
Resources Centre (Taiwan), and Embrapa Hortalicas
(Brazil). Some of these facilities currently mainly
provide safety duplication for other institutions within
the same country, although they may be able to pro-
vide wider services to surrounding countries or those
further afield.

The global databases indicate that 18% [i.e. 8297
accessions] (FAO WIEWS) or 37% [i.e 11,864 acces-
sions] (Genesys) of Capsicum accessions globally are



currently safety duplicated, although major data gaps
exist in this information, thus the true extent may be
considerably higher. The SGSV currently holds over
6,000 Capsicum accessions; this may represent around
13% of total worldwide assuming a global collection
of around 50,000 accessions. The stakeholder surveys
indicate that around 41% of accessions on average
are already safety duplicated, although considerable
variation exists across institutions, with more than one
quarter of institutions having no safety duplication
of their Capsicum collection and an additional 5%
unaware of the status of safety duplication.

Further work on safety duplication of Capsicum
accessions is clearly essential to secure these genetic
resources for the long-term. Additional resources are
likely needed to enable adequate fresh seed for safety
duplication. Further policy improvements may also be
important, as nearly a quarter of survey respondents
face (administrative/policy) constraints to duplication
outside of their country. An international project such
as the “Global System Project” could make a major
impact in addressing safety duplication deficiencies, if
such a project could be created for Capsicum.

Documentation and information sharing on
Capsicum genetic resources

As mentioned above, further efforts are needed to
provide up-to-date information on Capsicum collec-
tions through global databases such as Genesys and
FAO WIEWS. Such efforts will go a long way toward

a clearer understanding of the state of ex situ con-
servation of Capsicum genetic resources worldwide,
as well as facilitate communication on access to these
resources and other collaborative activities. Funda-
mental passport data on collections (i.e. taxonomy,
biological status, etc.) can be made more complete,
while enhancing the availability of passport and char-
acterization information will also make the collections
of greater potential use value.

The stakeholder survey responses indicate that while
major Capsicum collections may have adequate com-
puterized databases to manage their collections, many
other institutions have inadequate software and com-
puter infrastructure. On the other hand, it appears
that considerable passport, taxonomy, and characteri-
zation data on Capsicum collections have already been
generated, while there is less evaluation, genetic, and
other pertinent data. This is typical of crop collections
worldwide. The availability of these data to outside
users, such as breeding programs, also appears suffi-
cient for major collections, but at least a quarter of
respondents noted that data on collections was only
available within institutes or was private, which may
be a limitation to wider use of these genetic resources.

As with acquisition, regeneration, characterization,
and safety duplication, collaboration on documen-
tation and information management may help to
resolve current limitations, although national and
international policies on genetic resources and asso-
ciated information may be constraints in some cases.
A variety of free tools and programs, for example the
GRIN-Global software for collections management, are
available, including with support and ongoing cura-
tion, and these are increasingly linkable with global
databases such as Genesys. Further capacity building
on the value and operation of these tools may aid in
further adoption.

Use of Capsicum genetic resources

The substantial collections of Capsicum in interna-
tional and regional centers such as WorldVeg and
CATIE, as well as in public genebanks particularly in
North America and in Europe, enable a global system
of facilitated and international access to Capsicum
genetic resources, including online information/
ordering systems and free or low cost distributions.
Due to the mandates of these institutions, these
Capsicum genetic resources are largely accessible
under the SMTA of the ITPGRFA, foregoing the need
for bilateral negotiations under the Nagoya Protocol
in most cases, even though Capsicum is not listed in
Annex 1 of the Treaty. These are likely among the rea-
sons why Capsicum genetic resources are distributed
at a relatively high rate, compared to many other fruit
and vegetable crops.

For other ex situ repositories, facilitated and inter-
national access to Capsicum genetic resources is
currently much more limited, with concomitant low
annual distributions. This lack of access was noted

by stakeholders as a major challenge within the
Capsicum genetic resources community. This said,
substantial within-country distributions are occurring
in some countries and regions, supporting national
and sub-national research efforts. Distributions are
anticipated to increase or stay the same in the coming
decade, across most respondents to the stakeholder
survey.

It appears that several user types are working with
Capsicum genetic resources, including (in descending
order of number of distributions) academics, public
breeding programs, research institutions, government
departments, farmer organizations, private industry,
non-governmental organizations, and other gen-
ebanks. The Capsicum stakeholder community has
noted that further use of wild species is a priority and
that this requires efforts to excite researchers and crop
breeders about their potential value. Also, further
efforts to organize collections for more efficient
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exploration, such as through core collections and trait-
based subsetting, are important to increase their use.

Improving access to Capsicum genetic resources is

not simple or straightforward, as it is often linked

to national and institutional policy which is largely
outside the responsibilities and power of Capsicum
genetic resources practitioners. All efforts to motivate
more open sharing of these resources are important,
including by advocating for the inclusion of Capsicum
within Annex 1 of the ITPGRFA, based on its clear
international importance. Steps to reduce constraints
caused by pests and diseases, in particular viruses, are
also important to the potential to increase the avail-
ability of Capsicum genetic resources (for more on this
topic see Dombrovsky and Smith 2017; Kenyon et al.
2014).

Other vulnerabilities and the need for further
collaboration

In addition to the challenges to the conservation and
use of Capsicum genetic resources already mentioned
in previous sections, stakeholders identified lack

of funding, lack of staff capacity, and inadequate
facilities as major factors limiting the ability of many
collections to perform optimally. None of these are
simple to resolve in a global context of limited and
often declining funding for biodiversity conservation
and agricultural research.

Collaborations offer some potential to mitigate these
enormous and fundamental challenges, particularly
through capacity building. Further efforts should be
made to share information, tools, and methods for
the conservation of Capsicum resources, while reduc-
tions in unnecessary duplication of efforts could also
be explored. For these steps to be taken, members

of the global Capsicum genetic resources community
need more opportunities to get to know one another
and to build an atmosphere of trust and collabora-
tion. Global-level projects focused on creating and
strengthening networks within the Capsicum commu-
nity, as well as building capacities and addressing the
management and acquisition, regeneration, character-
ization and evaluation, safety duplication, documenta-
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tion, and access constraints discussed above, will likely
be very useful, if not essential, to further progress.
Smaller steps could be taken through online communi-
cations, newsletters, directories of organizations, etc.

In situ conservation of Capsicum genetic
resources

Dedicated in situ conservation efforts for cultivated
and wild Capsicum are currently extremely limited
worldwide. Meanwhile, it is clear that many wild
species are narrow endemics and likely headed toward
extinction given ongoing loss of their habitats and
the increasing impacts from climate change. The
lowest hanging fruit for improving the conservation
of the wild species is through the confirmation of the
persistence of such populations, and of population
sizes likely to be viable under current and projected
future pressures, within existing protected and other
open space areas, and subsequently through the
development of active management plans for pop-
ulations within these areas. This requires increased
collaboration between agricultural research, genetic
resources,natural resources, and land management
communities. Large scale efforts toward the expan-
sion of natural areas conservation, including such
global initiatives as 30x30 and Half-Earth, would, if
implemented, likely enhance in situ conservation of
wild Capsicum. Recognizing the roles and the rights of
Indigenous and traditional peoples within such initia-
tives, including by permitting access to wild Capsicum
populations for harvest, will be essential (Khoury et al.
2021).

Threats to landraces are less well understood but
should be assumed to be real and increasing in most
regions. Improving in situ (on farm) conservation of
these resources is challenging as farmers necessarily
balance several priorities critical to their livelihoods,
the conservation of genetic diversity being only one
(if at all). This said, the evidence base for successful
collaborations in on-farm conservation is growing;
options appropriate to location and culture should be
identified based on participatory processes (Khoury et
al. 2021).
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ANNEXES

Annex |: Capsicum genetic resource collections survey (template)

Introduction

The Global Crop Diversity Trust (the ‘Crop Trust’) is an
international non-profit organization, whose mission
is to conserve and make available crop genetic diver-
sity in perpetuity, thus ensuring global food security.
As part of this mission, the Crop Trust has supported
the development of 27 crop-specific conservation
These strategies comprehensively assess the status of
crop conservation globally, with a particular emphasis
on ex situ collections, and identify key priority actions
needed to preserve crop diversity effectively and
efficiently for the future. New strategies are currently
under development for additional crops, including
chili pepper (Capsicum spp.). The chili pepper global
conservation strategy is being coordinated by the
World Vegetable Center (Dr. Derek Barchenger) and
the San Diego Botanic Garden (Dr. Colin Khoury),
commissioned by the Crop Trust. This strategy will
guide future investments into the conservation of chili
pepper, which will benefit existing and future small-
holder farmers through the supply of more resilient
chili pepper varieties.

The strategy will critically depend on input and feed-
back from chili pepper specialists and collection cura-
tors. As such, the following questionnaire has been
designed to connect with collection curators world-
wide, in order to make a baseline assessment of the
current ex situ conservation status of Capsicum genetic
resources. Respondents of this survey will be invited to
participate in a virtual workshop to contribute to the

ORGANIZATION INFORMATION

global Capsicum conservation strategy.

As the curator and/or manager of a genebank or other
form of Capsicum ex situ collection, the information
you provide will be vital to our global assessment. The
collection data we receive via the questionnaire will
be used to address not only the extent of Capsicum
genetic diversity conserved ex situ worldwide, but

also how securely it is conserved and if there are any
collection gaps. The questionnaire contains 65 ques-
tions and should take approximately 60 minutes to
complete.

Participation in this survey is voluntary. By returning
the completed questionnaire we assume that you have
consented to participate in the study. All data will be
kept confidential and personal identifying informa-
tion will be removed from the data before sharing of
any data.

Respondents will be invited to provide comments on
the draft strategy and will be invited to participate

in a (virtual) meeting to discuss priority actions for
the conservation of Capsicum PGR. Please complete
the survey at your earliest convenience, but no later
than 30 September 2021. Any questions/concerns on
how to complete the questionnaire, or feedback on
the strategy itself, can be directed to Colin (c.khoury@
cgiar.org) and Derek (derek.barchenger@worldveg.
org).

Thank you in advance for your participation in this
important initiative!

1. Organization holding/maintaining the Capsicum collection:

Name of Organization |Address | City/Town | State/Province | ZIP/Postal Code | Country | Website

2. Curator in charge of the Capsicum collection:
Name | Job Title | Telephone | Email

3. Name of respondent to this questionnaire (if not as above) (optional):

Name | Function/Job Title | Telephone | Email

4. Is the organization in charge of the Capsicum collection the legal owner of the collection?

(Y/N) If not, who is the owner?
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5. Describe the organization (select one):

Governmental organization
University

Private organization

NGO or charity

Other (please specify)

6. Does the genebank or collection operate under a national conservation strategy, policy, or plan?

(Y/N) If yes, please specify.

7. Who has influence on genebank priorities (e.g., objectives, species focus, activities)? (Select all
that apply).

The curator(s) of the collection

The organization/department management
A governing committee

A stakeholder committee

Other (please specify)

THE CAPSICUM COLLECTION

8. Basic information on the Capsicum collection:

Year of establishment

Total number of Capsicum accessions (today)

Total number of Capsicum species (today)

Total number of Capsicum accessions currently available for distribution

9. The main objectives of the collection include (select all that apply):

Long-term conservation

Working collection for public breeding/research program
Working collection for private breeding/research program
Academic or educational use

Reference collection

Other (please specify)

10. For the cultivated species, Capsicum annuum, C. baccatum, C. chinense C. frutescens, and
C. pubescens, indicate the number of accessions by germplasm type:

Total number of accessions C. annuum C. baccatum C. chinense C. frutescens C. pubescens

Landraces

Obsolete/traditional cultivars

Advanced/improved cultivars

Breeding/research materials

Specialist genetic stocks

Wild or weedy populations

Unknown
Other
Total
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11. Please indicate the total number of accessions of wild Capsicum species (NOT listed in table
above) in your collection

Species Total nurr_lber of Species Total nurr_iber of
accessions accessions

Capsicum annuum var. glabriusculum Capsicum lanceolatum
Capsicum baccatum var. baccatum Capsicum longidentatum
Capsicum benoistii Capsicum longifolium
Capsicum caatingae Capsicum lycianthoides
Capsicum caballeroi Capsicum minutiflorum
Capsicum campylopodium Capsicum mirabile
Capsicum cardenasii Capsicum neei
Capsicum ceratocalyx Capsicum parvifolium
Capsicum chacoense Capsicum pereirae
Capsicum coccineum Capsicum piuranum
Capsicum cornutum Capsicum praetermissum
Capsicum dimorphum Capsicum recurvatum
Capsicum eshbaughii Capsicum rhomboideum
Capsicum eximium Capsicum schottianum
Capsicum flexuosum Capsicum tovarii
Capsicum friburgense Capsicum villosum var. muticum
Capsicum galapagoense Capsicum villosum var. villosum
Capsicum geminifolium Capsicum sp. (unknown species)
Capsicum hookerianum Other Capsicum species not listed
Capsicum hunzikerianum above

12. To what extent do you consider the Capsicum accessions in your collection to be unique and not
duplicated elsewhere (excluding safety duplication)? Please mark one field per row.

100% More than 50% | Less than 50% Fully duplicated
unique unique unique elsewhere

Cultivated/domesticated Capsicum annuum

Cultivated/domesticated Capsicum baccatum

Cultivated/domesticated Capsicum chinense

Cultivated/domesticated Capsicum frutescens

Cultivated/domesticated Capsicum pubescens

Crop wild relatives (i.e., other Capsicum spp.)

13. Across the entire Capsicum collection, approximately how many countries of origin are repre-
sented

14. Describe the geographic origins of the collection by indicating the proportion (%) of cultivated
Capsicum annuum accessions that were collected/obtained (total should sum to 100%):

Nationally | Regionally (excluding own country) | Internationally (excluding own region) | Unknow

15. Are there any known or perceived gaps in your Capsicum collection (check all that apply):

Genetic diversity gaps
Varietal diversity gaps
Species/taxa gaps
Ecogeographic gaps
Trait gaps

Other gaps
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16. If there are collection gaps, as indicated in Q15, how and when do you plan to fill these gaps, if
at all (optional)?

17. To what extent do you consider duplication within your Capsicum collection to be a problem?
(select one)

No duplication within the collection

Low amounts of duplication (< 10%)
Moderate amounts of duplication (10-30%)
Duplication is extensive (> 30%)

18. Indicate the number of Capsicum accessions that have been:

Acquired in the past 10 years?
Lost from the collection in the past 10 years?
Removed as they were identified as duplicates?

EX SITU CONSERVATION FACILITIES

19. Indicate the proportion (%) of Capsicum accessions that are maintained under the following
conditions: (Note: if accessions are maintained under multiple conditions, total may exceed 100%.)

Short-term storage

Medium-term storage

Long-term storage

Safety duplications at one or multiple other genebanks

For the following questions in this section (Q20-Q30), you need answer only for the storage condi-

tions applicable for your collection (safety duplicates in other repositories are addressed in another
section).

20. Please describe the storage facilities:

Short-term storage | Medium-term storage | Long-term storage

Type of facility (warehouse, cold chamber, freezer, etc.)

Conservation method (seed, in vitro, etc.)

Temperature (°C)

Relative humidity (%)

21. What type of packaging is used for seed conservation? (check all that apply)

Short-term storage Medium-term storage Long-term storage

Sealed aluminum packs

Sealed, vacuum-packed aluminum packs

Plastic containers

Glass containers

Paper envelopes or bags

Cloth bags

Other (please specify)

22. Please provide information on Capsicum seed drying prior to storage. If no drying is done,
please respond with “none”.

Short-term storage | Medium-term storage Long-term storage

Moisture percentage

Method of drying

Instrument used to determine moisture content

66 | GLOBAL STRATEGY FOR THE CONSERVATION AND USE OF CAPSICUM GENETIC RESOURCES



23. Do the genebank facilities include (check all that apply):

Separate work areas for ‘dirty’ and ‘clean’ seed handling procedures
Separate work areas for seed packaging for storage and distribution
Dedicated laboratory and trained staff for seed viability testing
Dedicated laboratory and trained staff for seed health testing

Low temperature seed dryer

Suitable field sites for regeneration and multiplication
Greenhouse/glasshouse facilities for regeneration and multiplication
Other (please specify)

GERMPLASM MANAGEMENT

24. Have you established a genebank management system or written procedures/protocols for
(check all that apply):

Yes No N/A

Acquisition

Conservation (storage, maintenance, etc.)

Regeneration

Characterization

Distribution

Safety duplication

Information management

Misidentified accessions

Duplicated/repeated accessions

Germplasm health (viability testing, phytosanitary, etc.)

25. The genebank uses written procedures and protocols from (check all that apply):

No written procedures or protocols

Hanson 1985. Practical Manuals for Genebanks No. 1: Procedures for Handling Seeds in Genebanks. IBPGR.
FAO/IPGRI 1994. Genebank Standards.

Rao et al. 2006. Handbooks for Genebanks No. 8: Manual of Seed Handling in Genebanks. Bioversity Interna-
tional.

Organization’s own “Operational Genebank Manual”

Written and verified Standard Operating Procedures (SOPs) for key processes

A Quality Management System (QMS)

Other (please specify)

26. Please describe your quality control activities for conserved seeds:

Frequency Protocols/Methods

Germination testing

Viability testing

Health testing (presence of pathogens, viroids or viruses)

27. What is the normal regeneration interval (in years) to maintain the viability of your Capsicum
collection?

28. What proportion (%) of your Capsicum collection requires urgent regeneration (apart from the
normal routine regeneration)?

Cultivated Capsicum annuum

Other domesticated Capsicum species

Crop wild relatives (other Capsicum spp.)
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SAFETY DUPLICATION

29. Are accessions safety duplicated at another genebank(s)?

Yes

Partly

No

Don’t know

If you answered Yes or Partly, please complete the following questions (Q34-Q36). If No, skip these questions.

30. Please indicate the proportion (%) of Capsicum accessions safety duplicated by arrangement:
(Note: if accessions are safety duplicated at more than one location, total may exceed 100%.)

Svalbard Global Seed Vault

Black box outside country

Integrated in another collection outside country

Black box within country

Integrated in another collection within country

Other

31. Please list the institution(s) where your germplasm is safety duplicated.

32. Do all safety duplication sites have formal agreements to establish terms and obligations?
(Y/N)

33. Are there constraints to duplicating the collection outside your country?
(Y/N)? If yes, please specify.

34. Are there Capsicum accessions from other collections that are safety duplicated at your facili-
ties?

(Y/N) If yes, please provide the name(s) of the original collection holder(s) and the number of accessions?

DOCUMENTATION AND INFORMATION MANAGEMENT

35. Do you use a searchable electronic platform (computerized database) for storing and retrieving
accession-level data? (Y/N) If yes, what software is used?

36. The accession-level information is (check all that apply):

Public

Private

Available by written catalogue or by contacting the curator
Available & searchable online within the institute

Available & searchable online outside the institute

37. The accession-level database provides the following information (check all that apply):

Passport

Taxonomy
Characterization
Evaluation
Genotypes

Images

Distribution

Other (please specify)
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38. What proportion (%) of the Capsicum collection has:

Passport data
Coordinate (geo-referenced) data

39. If you use a computerized database to manage the collection and share accession data, is it ade-
quate to meet the needs of both the genebank and users? (Y/N) If inadequate, are there plans to
upgrade or improve this system?

40. Are the accession-level data describing your collection available in other, external databases?

Yes Partly No If Yes/Partly, specify the database(s):

National
Regional
International

CHARACTERIZATION AND EVALUATION

41. In your database, what proportion (%) of cultivated and wild accessions have:

Cultivated accessions Wild accessions

Agro-morphological (phenotypic) characterization data

Genotypic characterization data (molecular markers, etc.)

Abiotic stress tolerance data

Biotic stress tolerance data

42. If abiotic/biotic stresses have been at least partially assessed, please list the specific stresses that
have been evaluated.

43. Please describe any core collections or other trait-specific subsets of accessions that have been
established for the Capsicum collection?

DISTRIBUTION

44. Do you distribute accessions from your Capsicum collection? (Y/N) If no, why not?

If you answered Yes to the previous question (Q50), please complete the remaining questions in this
section (Q50-Q59). If you answered No, you may skip to the next section.

45. Are you able to distribute accessions of your Capsicum collection (check one):

Only to users in own country
Only to users in certain countries (i.e., regionally)
Nationally and internationally, to most/all countries

46. What best describes the conditions that must be met for distribution (check any that apply):

Freely distributed without terms or conditions

Institutional material transfer agreement (MTA) or other bi-lateral agreement

The Nagoya Protocol for the CBD

The International Treaty on PGR for Food and Agriculture (ITPGRFA) (Standard Material Transfer Agreement)
Other (please specify)
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47. For the following categories, how many samples are typically distributed annually (average of
last 3 years)? Answer where applicable. (Note: wild materials include wild progenitors as well as
other Capsicum species.)

Nationally Internationally

Cultivated accessions

Wild accessions

48. How have your distributions changed over the last 5-10 years? (check one)

Increase | Stay the same | Decrease

49. How do you expect your distributions to change over the next 5-10 years? (check one)

Increase | Stay the same | Decrease

50. Are there factors that currently limit, or may limit in future, the distribution and use of materials
maintained in your collection?

51. Of your annual distributions, what kind of users have received germplasm from your collection?
Please estimate the proportion (%) of total distribution over the last 5 years (total should sum to
100%):

Farmers or farmer organizations

Governmental departments

Other genebank curators

Academic researchers and students (universities)

Research institutes

Breeding programs: public sector

Breeding programs: private sector

Non-governmental organizations (NGOs)

Other

52. Do you charge fees for the following services? (Y/N)

The cost of accessions
The cost of shipping
The cost of phytosanitary/quarantine processes

53. How do germplasm users influence the management of the collection? (check all that apply)

Through feedback on available materials/distributions
Through formal consultations

Through participation in the governing body of the genebank
Other (please specify)

54. How are the accessions available for distribution publicized?
LONG-TERM COLLECTION VULNERABILITY

55. Does your organization provide most or all of the recurrent costs for maintaining the Capsicum
collection? (Y/N) If not, who are your other significant funders?

56. How has the budget for conservation of the collection changed over the last 5 years? (check
one)

Increased | Stable | Decreased

57. If it has decreased, please describe any other funds sourced to make up the shortfall?
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58. Has there been a formal risk assessment performed and management plan developed for the
genebank/collection? (Y/N) If yes, how recently?

59. What do you consider to be the 3 most significant vulnerabilities or threats to the Capsicum
collection?

60. What are the primary disease/pathogen or pest concerns for:

Seed storage | Distribution | Regeneration/multiplication

61. How do you predict the size of the collection to change in the next 10 years? (check one)

Stay approximately the same size

Limited expansion (5-10%)

Substantial increase (>10%)

Decrease owing to collection rationalization
Decrease due to lack of funding/facilities

62. Please indicate the current and expected situation of your Capsicum collection with respect to
the following risk factors, where 1 = excellent, 2 = adequate, 3 = insufficient, N/A = not applicable:

Current situation Expected situation (2025 onwards)

Funding for routine operations/maintenance

Retention of trained staff

Interest for PGR conservation by donors

Genetic variability in the collections needed by users/breeders

Access to germplasm information (passport data, etc.)

Feedback from users

Use by breeders/researchers

NETWORKS AND PARTNERSHIPS

63. Does your genebank collaborate with other collection holders? If yes, please describe the form
of your collaborations (check all that apply):

Collecting Conservation Research Safety duplication Training Other

Other national ex situ collection

Other regional or international ex
situ collection

In situ conservation sites

On farm conservation sites

Community seedbanks

Protected sites for wild relatives

Other (please specify)

64. Do you participate (or have you participated in the last 10 years) in a plant genetic resource
network (including germplasm holders and/or users)? (Y/N) If yes, please describe the network &
provide a URL if applicable.

FINAL CONSIDERATIONS

65. Please add any further comments you may have in regard to your Capsicum collection and/or
this questionnaire. Recommendations for the chili pepper conservation strategy are also welcome.
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Annex lI: Capsicum genetic resource collections survey respondent information

Name of Organization Address City/Town Sta?:e/ Postal Country Website
Province Code
World Vegetable Center 60 Yi-Min liao Shanhua Tainan 74151 Taiwan Link
Pusat Inovasi Agroteknologi
Universitas Gadjah Mada Kalitirto, Berbah, Special Region of : "
(Agrotechnology Innovation  Sleman, Yogyakarta ogyakalia Yogyakarta 55513 Indonesia Fink
Centre)
INTA Ex Ruta 40 km 96 La Consulta Mendoza 5567 Argentina Link
Tropical Vegetable
Research and
Tropical Vegetable Research Bgvzlgpmrzﬁ?gfcemer’ Kamohaen
and Development Center Pa P 9 Nakhon Pathom 73140 Thailand Link
Horticulture, Faculty Saen e
(TVRCO) X
of Agriculture at
Kamphaeng Saen,
Kasetsart University
. . 96010- . .
Embrapa Clima Temperado Rodovia BR392, km 78 Pelotas RS 971 Brazil Link
Sirindhorn Genebank
Building,85 Rangsit-
Department of Agriculture Nakhonnayok : Pathumthani " "
Genebank of Thailand Rd.,Klong 6 Amphur VIRETHE Ut Province Uiy Useilene il
Thanyaburi,Pathumthani
Province,Thailand
Department of Genetics
and Plant Breeding Ss. Cyril
and Methodius University 16-ta Makedonska . . .
in Skopje/ Faculty of brigada 3 1000 Skopje Skopje 1000 North Macedonia Hink
Agricultural Sciences and
Food-Skopje
Corporacién Colombiana de _KE;Z \gmzlfnsigcrt%r
Investigacion Agropecuaria - L P d ' Cl La Sel Rionegro Antioquia 54048 Colombia Link
Agrosavia anogrande, a Selva e
Agrosavia
Iqterngt|ona| Center for Dubai-Al Ain Road Dubai Dubai 146600 Umvted Arab Link
Biosaline Agriculture Rawayya Emirates SRR
Instituto de Investigaciones  Av Santa Rosa 11610, " : "
Agropecuarias La Pintana Santiago Metropolitana 8831314 CHILE Link
Institute of Field and Maksima Gorkog 30 Novi Sad Vojvodina 21000 Serbia Link
Vegetable Crops e
Crop Research Institute Slechtiteld 29 Olomouc 78371 Czech Republic Link
Research Centre for
Vegetable and Ornamental  Via Cavalleggeri 25 Pontecagnano  Salerno 84098 Italy Link
Crops
S = Res/sources Domaine St Maurice Montfavet 84143 France Link
Biologiques Légumes e
Agroscope Route de Duillier 50 Nyon 1 Vaud 1260 Switzerland Link
Seed Savers Exchange 3094 N Winn Road Decorah WI 52101 USA Link
National Biodiversity Centre  Serbihang Thimphu Thimphu 11001 Bhutan Link
Centre for Genetic 7 7
Fessiumes, The Neiheianes Droevendaalsesteeg 1 Wageningen Gelderland 6708 PB  The Netherlands Link
New Mexico State University  pq g, 30003, MSC 3Q  Las Cruces  New Mexico ggoo3 ~ United Statesof
Chile Breeding Program America e
National Agriculture and 305-
Food Research Organization Kannon-dai 2-1-2 Tsukuba Ibaraki 8602 Japan Link

Genebank
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https://genebank.worldveg.org/#/?filter=v2z1YE963mb&p=0
http://piat.ugm.ac.id
https://www.argentina.gob.ar/inta
http://hort.ku.ac.th/2016/index.php/topmenu-aboutus/2016-09-29-02-58-32
https://www.embrapa.br/clima-temperado
http://www.doa.go.th/genebankthailand
http://www.fznh.ukim.edu.mk/en/
https://www.agrosavia.co/
https://www.biosaline.org/
http://www.recursosgeneticos.com/
http://ifvcns.rs/
http://www.vurv.cz
https://www.crea.gov.it/web/orticoltura-e-florovivaismo
https://www6.paca.inrae.fr/gafl/CRB-Legumes
http://www.agroscope.admin.ch
http://www.seedsavers.org
http://nbc.gov.bt
http://www.wur.nl/cgn
https://cpi.nmsu.edu/
https://www.gene.affrc.go.jp/index_en.php

State/

Postal

Name of Organization Address City/Town Province Code Country Website
United States Department
of Agriculture — Agriculture
Research Service: Plant 1109 Experiment St. Griffin Georgia 30223 USA Link
Genetic Resources
Conservation Unit
Khon Kaen University 128 o 16 Ml Muang Khon Kaen 40002 Thailand
Rd., Nai-Muang
Plant Resources Center An Khanh commune Hoai Duc Hanoi 10000 Vietnam Link
(PRC) district T
Division of Plant
Germplasm, Taiwan 189, Chung-Cheng . . :
Agricultural Research Road Wufeng Taichung 41362 Taiwan Link
Institute
Fruit and Vegetable . . . ) )
Research Institute (FAVRI) Trau Qui — Gia Lam Hanoi Vietnam Link
. . Post Box.01, Post
@Azgnbdléagelses::gﬁe @y Office-Jakhini, Varanasi ~ Varanasi Uttar Pradesh 221305 India Link
g (Uttar Pradesh), India
Plant Gene Resources of 107 Science Place Saskatoon Saskatchewan S7H Canada Link
Canada 4M3 e
National Gene Bank of Boulevard Leader Yasser ' ] Tt
Tunisia (NGBTUN) Arafat Charguia 1 Tunis 1080 Tunisia
Southern Fruit Research . . Chau Thanh . . '
Institute Long Dinh village district Tien Giang Vietnam
COMAV Institute.
Unlyer;ltat Politécnica de Camino de Vera s/n Valencia Valencia 46022 Spain Link
Valencia Edificio 8E, acceso J, e
3er piso
ICAR- IIHR- Central
Horticultural Experiment Aiginia, Dumduma Bhubaneswar  Odisha 751019  India Link
Station, Bhubaneswar
Indonesia Vegetable
Research Institute
(IVEGRI) under the IAARD
(Indonesian Agency for 1, Eglalben iz Bandung Barat West Java 40391 Indonesia Link
) No. 517 Lembang B
Agricultural Research and
Development), Ministry of
Agriculture
Centro Nacional de Recursos ] .

. o Autovia A-2, km. 36. Alcala de . . .
El‘;?cgenetlcos (CRF) = INIA, Apdo 1045 Henares Madrid 28805 Spain Link
Embfa.pa TEETSes ] OIS AL NS Brasilia Federal District A, Brazil Link
Genéticos e Biotecnologia (final) 917 e

) . Directorate: Genetic

National Plant Genetic Resources, Private Bag Pretoria Gauteng 1 South Africa Link

Resources Centre (NPGRC) X973 e

Australian Grains Genebank 110 Natimuk Road Horsham Victoria 3400 Australia Link

Maritsa Vegeﬁable Crops 32, Brezovsko shose Plovdiv Plovdiv 4003 Bulgaria Link

Research Institute e

IS of”PIant Gene”tlc 2 Drouzba Str Sadovo Plovdiv 4122 Bulgaria

Resources “K. Malkov

Centro de Investigaciéon y

Tecnologia Agroalimentaria  Avda. Montafiana 930 Zaragoza Zaragoza 50014 Spain Link

de Aragoén (CITA)

Tropical Agronomic Research CATIE Hlemdgual e, . : "
Turrialba 30501, Turrialba Cartago 30501 Costa Rica Link

and High Education Center

Cartago, Costa Rica
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https://www.ars.usda.gov/southeast-area/griffin-ga/pgrcu/
http://prc.org.vn/
https://www.npgrc.tari.gov.tw
https://www.npgrc.tari.gov.tw
https://iivr.icar.gov.in/
https://pgrc-rpc.agr.gc.ca/gringlobal/landing
https://pgrc-rpc.agr.gc.ca/gringlobal/landing
http://www.iihr.res.in
http://balitsa.litbang.pertanian.go.id
http://www.inia.es/IniaPortal/goUrlDinamica.action?url=http://wwwsp.inia.es/en-us/Investigacion/centros/crf
https://www.embrapa.br/recursos-geneticos-e-biotecnologia
http://www.dalrrd.gov.za
https://www.genesys-pgr.org/wiews/AUS165
http://izk-maritsa.org/en/home/
https://www.cita-aragon.es/
https://www.catie.ac.cr

Annex llI: Capsicum genetic resource stakeholder meetings agenda

Global strategy for the conservation and use of
Capsicum genetic resources

Stakeholder meeting agenda

Dates/times:

Meeting 1: 11 January, 1400 pm UTC
Meeting 2: 13 January, 0300 am UTC
Total time: 3-3.5 hours

Introductions — 15 minutes

Derek Barchenger and Colin Khoury
Peter Giovannini (Crop Trust)
Depending on size of group, make quick introduc-

Overview of Capsicum and its crops — 25 minutes

Taxonomy — TBD — 10 minutes (recorded)

Crops, current breeding and cultivation — global
outlook - Paul Bosland — 10 minutes (recorded)
Presentation of Capsicum collections survey results —
Derek and Colin — 45 minutes

Collections (including national, regional, and inter-
national)

Size and composition of collections

Structure and management (conservation methods,
standards, core collections, etc.)

Regeneration status

Characterization and evaluation status

Safety duplication status

Collecting activities (past, current, planned)
Priority conservation research, actions and targets
Major constraints to operations (financial, staffing,
facilities, research, policies, phytosanitary, etc.)

In situ conservation activities

Break — 10 minutes

Discussion: Important steps to enhance the conserva-
tion and use of Capsicum genetic resources

Capsicum collections - status, gaps and vulnerability -
20-30 minutes

Identification of key/important collections and
materials (uniqueness, etc.)
Gaps

Genetic and taxonomic gaps (including “diversity
tree” approach)

Ecogeographic gaps

Major vulnerabilities and threats to the collections
Safety duplication needs

Other major threats

In situ and on farm conservation needs

Landraces (including community registries, on-farm
trends and vulnerability)

Wild relatives (including protected areas, habitat
destruction and other threats)

Documentation and information sharing - 15 minutes

Platforms (manual, electronic, both)

Content (including passport, characterization, eval-
uation, regeneration, distribution)

Completeness

Access and availability of the information (nation-
ally and internationally)

Access, distribution and use of genetic resources - 15
minutes

Access status (e.g. party to ITPGRFA/MLS?, Annex
1?2, Article 15?, CBD/Nagoya Protocol?)

Distribution to a variety of users (e.g., breeders,
researchers, farmers, NGOs)

Constraints to distribution (e.g.,policy, phytosani-
tary/quarantine, availability, etc.)

Breeding/user needs

Repatriation/restoration (e.g., landraces to farmers,
CWR to protected areas)

Networks and other collaborative initiatives — 10
minutes

Global crop networks

Regional crop and PGR networks

National and inter-institutional collaborations
Collaborations with the private sector, academia,
NGOs, etc.

Moving forward - 30 minutes

Priority activities and timeline

Capacity building

Implementation, governance, and opportunities for
funding

Conditions for success and indicators
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Annex IV: Selected crop indicator metrics for Capsicum

This annex was written by Dr. Felix Frey, International Consultant, Global Crop Diversity Trust

Khoury et al. 2022 compiled a dataset as part of a
project funded by the ITPGRFA, in collaboration with
the Crop Trust, led by the International Center for
Tropical Agriculture (CIAT), entitled “The Plants That
Feed the World: baseline data and metrics to inform
strategies for the conservation and use of plant
genetic resources for food and agriculture”. The aim
was to develop standardized, reproducible indicators
to serve as an evidence base for prioritizing actions on
the conservation and use of plant genetic resources
for food and agriculture. The indicators encompass
metrics associated with the use of a crop (global
importance), the interdependence among countries
with respect to genetic resources, the demand for
crop genetic resources, the supply of crop genetic
resources, and the security of crop genetic resources.
To generate the indicators, Khoury et al. collected a
comprehensive dataset from multiple sources. We do
not present those indicators here, but rather discuss
the underlying raw data to shed light on the aspects
represented by the indicators for peppers.

To put numbers into context, chillies and peppers
were compared with tomatoes. Both crop groups are
members of the Solanaceae family, and share char-
acteristics such as type of growth, propagation, and
use. Chillies and peppers are represented by the genus
Capsicum, and by the species C. annuum, C. baccatum,
C. chinense, C. frutescens, and C. pubescens (the spice
pepper, Piper spp., is not included). Tomatoes are
represented here by the genus Solanum and by the
species S. lycopersicum. Results obtained at the genus
level also include other Solanum species, foremost
potato (Solanum tuberosum), and can thus be huge
overestimations.

The metrics for “Global production,” “Food supply”
and “Quantity exported globally” under the indi-
cator domain “Crop use” are annual average values
drawn from FAOSTAT for the years 2015-2018. The
percentage of countries producing and consuming
(i.e., being supplied with) the crop is calculated as
the number of countries where the respective crop is
within the top 95% of most important crops divided
by the number of countries that report respective

numbers (can be different between metrics and crops).

The global production of Capsicum is estimated at
about 35. million tons annually, which is 22.4% of
global tomato production (about 177.8 M t). The
quantity of food supply by Capsicum, i.e. the average
global consumption, is about 0.5 g/capita/day, 2.2%
of global tomato supply as a food source (20.8 g/
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cap/day). That means that Capsicum food supply is
relatively low, compared to its production. This is
explained by its major use as a dried product, which
is very different from tomatoes. Chillies and peppers
are produced at considerable scale in 27% of the
world’s countries;tomatoes are produced in 56%.. This
relatively high number indicates the importance of
Capsicum across countries and cultures, though it is
eaten in relatively smaller quantities by weight. Both
crops are heavily internationally traded, at about 4.3
M t for Capsicum and 13.3 M t for tomato.

The crop use metrics with respect to research were
assessed using a manual search on Google Scholar,
searching for the respective genus or species in the
titles of publications, including patents and citations,
between the years 2009 and 2019. Search hits on
Google Scholar indicate the level of scientific interest
in a crop. The Capsicum genus is found in the titles

of 11,900 publications, which is around 72% of the
number of publication titles that include the tomato
genus Solanum (16,500). The scientific names of

the species (C. annuum, C. baccatum, C. chinense,

C. frutescens, and C. pubescens) appear in 6,170 publi-
cation titles. The tomato species name S. lycopersicum
appears in 4,740 publication titles. Assessing public
interest in crops by counting public views of Wikipedia
pages dedicated to the crops during the year 2019,
515,815 views were made for Capsicum crops, versus
8263 for tomatoes, based on taxonomic names.

Khoury et al. defined crop genetic resource interde-
pendence as a measure for the degree of cultivation
or use of a certain crop outside its origins and primary
regions of diversity. These regions are not represented
by countries, but rather by 23 world regions (Khoury
et al. 2016). Estimated interdependence is high in
crops that originate from a small area but are culti-
vated and used globally. For production, interdepen-
dence is calculated by dividing a crop’s production
outside the primary center of diversity by its global
production. If all production is outside the primary
center of diversity, estimated genetic resource inter-
dependence would be 100%. For food supply, inter-
dependence is calculated by dividing the food supply
outside the origin region by the world average. Food
supply outside can be higher than that inside the pri-
mary centers of diversity and thus also higher than the
global mean. Therefore, interdependence with respect
to food supply can be above 100%, but in such cases
is set to 100%. The primary centers of diversity of
Capsicum are located in Central America and Mexico,



the Caribbean and tropical South America. Produc-
tion of peppers and chilies is mainly taking place in
China (FAOSTAT 2021), thus interdependence of global
production is high (94.2%). The same is seen with
tomatoes, where the primary regions of diversity are
located in Central America and Mexico and Andean
South America, while the main producers are located
on the Asian continent (China, India and Turkey;
FAOSTAT 2021), resulting in a high interdependence
value of 97.5%. The interdependence values with
respect to food supply of Capsicum as well as toma-
toes are both extremely high at 100%.

Demand for germplasm is defined by various metrics
including the number of distributions of samples
under the SMTA as reported to the Data Store of
the ITPGRFA, as an annual average between 2015
and 2019, numbers of accessions distributed by
national genebanks as reported to the FAO WIEWS
system as an annual average from 2014 to 2019, and
the average annual number of new crop varieties
released during the five years between 2014 and
2018, obtained from the International Union for the

relatively strong use of Capsicum germplasm. This is
reflected by the 1076.5 samples of chillies and pep-
pers distributed per year under the SMTA, which was
higher than yearly distributions of tomato accessions
(790.3) (note the neither crop is included in Annex 1
of the Plant Treaty). In the FAO WIEWS dataset, 6898
accessions of chillies and peppers were distributed per
year, compared to 11,015 of tomatoes. We observe

a similar picture with respect to the development

of new cultivars. Some 438.5 varieties of chillies and
peppers were released annually, compared to 1061.8
varieties of tomatoes.

Khoury et al. quantified the supply of germplasm

by using the number of accessions available in ex

situ collections around the world, with respect to

the crop genus and the most important taxa of the
respective crop. They also assessed the number and
proportions of accessions (again with respect to genus

Secondly, the availability of accessions in the MLS was
assessed by considering whether the country hosting
the institution that held the respective germplasm
collection was a Contracting Party to the ITPGRFA and
whether the crop was listed in Annex 1 of the Plant
Treaty, in which case the accession was regarded as
available via the MLS. According to databases, global
ex situ collections count a total of 42,939 accessions of
chillies and peppers at the genus level. 36,528 of these
accessions are counted to the species mentioned here.
The number of accessions accounting for the tomato

genus Solanum is 122,252, where 39,305 accessions
are attributed to the species Solanum lycopersicum. It
must be taken into account that the Solanum genus
also includes other globally important crops, such as
potatoes and eggplants, and that peppers and chilies
encompass five species in contrast to one for tomato.
The percentage of accessions available under the MLS
stated directly in respective databases is 21.1% and
31.9%, for Capsicum amd Solanum, respectively, and
22% for the species of both crop groups. As neither
chillies and peppers nor tomatoes are listed in Annex |
of the Plant Treaty (FAO 2009), none of the accessions
of both crop groups were considered available under
the MLS when matching institute countries with party
status.

Security of germplasm conservation is represented
here by safety duplication at the Svalbard Global Seed
Vault (SGSV). The numbers of accessions, by genus and

sions stored in global ex situ collections (see above),
with the result giving the percentage of germplasm
that is safety duplicated. At the genus level, 7.3% of
Capsicum and 16.9% of Solanum accessions are safety
duplicated at the SGSV. At the species level, 8.2% of
the accessions of Capsicum are safety duplicated at the
SGSV, compared to 18.2% of tomato.
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