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COVER

DISCLAIMER

This document, developed with the input of a large number of experts, aims to provide a framework for the efficient
conservation and effective use of globally important collections of peanut genetic resources. The Global Crop Diversity
Trust (the Crop Trust) provided support for this initiative and considers this document to be an important context 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, dated January 2022, is expected to continue to evolve and be updated as circumstances change or
new information becomes available. In case of any specific questions or comments, please direct them to the strategy
coordinator, David E. Williams, reddog.williams@gmail.com.
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EXECUTIVE SUMMARY

Peanut, also known as groundnut, is one of the most
widely cultivated food legumes in the world. Native to
South America, peanut is now grown in nearly every
country with a tropical or sub-tropical climate. On

the global market, peanut is valued as an industrial
oilseed and a delicious, high-protein food commodity.
It is also a nutritious subsistence crop, vital to the food
security and culinary traditions of countless small-
holder farmers and rural communities throughout the
tropics. World peanut production continues to rise,
currently approaching 50 million metric tons per year,
with China and India being the largest producers.

The peanut’s genepool is complex, consisting of the
cultigen (Arachis hypogaea L.) with its many landraces
and improved varieties, as well as the more than 83
wild species of the genus Arachis — including some
newly discovered species soon to be described, and
certainly other wild species yet to be discovered. Cul-
tivated peanut is an allotetraploid (2n=4x=40) derived
from the natural hybridization of two wild diploid
species, followed by the spontaneous polyploidiza-
tion of the hybrid and its subsequent domestication
by Neolithic proto-farmers 6-10,000 years ago. The
combined effects of polyploidization and domesti-
cation are believed to have created an evolutionary
bottleneck which severely restricted the genetic base
of the cultigen. This genetic base has been reduced

even further in modern commercial varieties that

have been bred from a rather limited suite of parental
lines. The resulting narrowness of the peanut’s genetic
base poses a risk to global peanut production, which is
already vulnerable to a long list of pests and diseases,
as well as climate change. Consequently, the much
broader genetic diversity existing, not only in the pea-
nut’s less-common botanical varieties and landraces,
but also in the many wild species of the genus Arachis,
is of great value and importance for peanut improve-
ment.

Cultivated peanut is classified into two subspecies,
subsp. fastigiata and subsp. hypogaea, based on the
presence or absence of flowers on the main stem and
other distinguishing traits. The two subspecies are
further divided into six botanical varieties (subspecies
hypogaea comprised of var. hypogaea and var. hirsuta;
and subspecies fastigiata comprised of var. fastigiata,
var. vulgaris, var. peruviana, and var. aequatoriana)
based on a range of morphological and physiolog-
ical characteristics. Each botanical variety, in turn, is
comprised of an abundance of local landraces, repre-
senting a rich source of agro-morphological variation
within the crop’s primary genepool.

Today, the number of wild and cultivated Arachis
accessions conserved ex situ in germplasm collec-
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tions total nearly 90,000 samples worldwide, which
includes extensive redundant duplication of acces-
sions across collections. The six largest collections

of Arachis germplasm are currently maintained by

(1) the International Crop Research Institute for the
Semi-Arid Tropics (ICRISAT) in India; (2) the Indian
Council of Agricultural Research (ICAR) in India; (3) the
US Department of Agriculture (USDA) in the United
States; (4) the Oil Crops Research Institute of the Chi-
nese Academy of Agricultural Sciences (OCRI-CAAS) in
China; (5) the Texas AgriLife Research Center of Texas
A&M University (TAMU) in the United States; and

(6) the Empresa Brasileira de Pesquisa Agropecuaria
(EMBRAPA) in Brazil. Additional Arachis collections
containing unique materials are also maintained by
several national, regional and international organiza-
tions around the world.

The current global system for conserving peanut
genetic resources is quite large in terms of the num-
bers of institutions and germplasm accessions held,
but as a system it is not entirely secure, efficient or
rational. Most Arachis collection holders report a
variety of persistent challenges, gaps and vulnera-
bilities that threaten the germplasm’s conservation,
hamper its study, and limit its use. Much of the genetic
diversity existing within the peanut’s botanical vari-
eties and traditional landraces remains unstudied and
uncollected, while it undergoes relentless genetic ero-
sion and loss in smallholders’ fields around the world.
Similarly, the wild Arachis species, many of whose
natural populations in South America are imminently
threatened with extinction, are poorly represented in
most genebanks, if at all. Safeguarding the full spec-
trum of peanut genetic diversity will require a con-
certed international effort, involving a combination
of both ex situ and in situ conservation approaches,
within the context of an integrated global strategy.

The Global Strategy for the Conservation and Use of
Peanut Genetic Resources was developed "virtually”
during the second half of 2020 and early 2021, at the
height of the global COVID-19 coronavirus pandemic.
The Strategy’s structure and development process
followed the Standard Model Outline for Global Crop
Strategies, provided by the Crop Trust. An Interna-
tional Advisory Group (IAG) of eight peanut experts
was formed to help guide the Strategy’s development
and validate its content. This document is based upon
an analysis of information retrieved from global

genetic resources databases, the responses to an
online survey of genebank managers, and a review of
current scientific literature. The online survey con-
sisted of a detailed questionnaire that was distributed
to the managers and/or curators of more than 80
genebanks worldwide that are known, or reported in
WIEWS, to maintain Arachis collections. Responses to
the online survey were received from 27 genebanks,
including most of the largest and strategic, or “key,”
germplasm collections. Together, these collections
maintain over 72,000 accessions, or about 80% of the
estimated total of Arachis germplasm samples con-
served ex situ worldwide. The up-to-date information
provided by the participating genebanks served as the
foundation for the conclusions and recommendations
presented in this Strategy.

The germplasm holdings, conservation methods,
distribution policies, and challenges faced by these
key germplasm collections are briefly described in the
context of their potential role in the implementation
of a Global Peanut Conservation Strategy. This docu-
ment explores options and opportunities for the many
institutions holding peanut germplasm collections
around the world, as well as the countries where wild
Arachis populations occur, to engage in more effective
partnerships through their eventual integration into

a rational global system for Arachis genetic resources
conservation and use.

Salient issues and recommendations for priority stra-
tegic actions include:

1. Regeneration and characterization of unidentified
materials currently conserved ex situ;

2. Filling outstanding taxonomic, genetic, and ecogeo-
graphic gaps in the collections;

3. Adopting updated documentation standards and a
common data-sharing platform;

4. Security duplication of germplasm collections;

5. Addressing outstanding training and staffing needs;

6. Integration of complementary in situ and ex situ
conservation approaches;

7. Promoting greater inter-institutional collaboration
through partnerships and networking;

8. Initiating policy dialogues on issues impeding
peanut germplasm exchange and use; and

9. Mobilization of a coordinating committee to guide
the implementation of the Strategy.
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INTRODUCTION

The Global Crop Diversity Trust (Crop Trust) is an
international organization working to safeguard crop
diversity through long-term ex situ conservation in
genebanks. Since 2006, the Crop Trust has hired crop
specialists to work with crop conservation communi-
ties to develop global ex situ conservation strategies
for key global food crops and their wild relatives,
including internationally important commodities
such as coffee and tea. Global conservation strategies
facilitate a transition from a complex, fragmented
and independent national or local crop conservation
system to a more integrated, collaborative and coop-
erative global conservation system.

Arachis hypogaea L., also known as groundnut, but
hereafter peanut, is one of the most commercially
important and widespread food legumes in the world.
Cultivated throughout the tropics and subtropics as an
industrial oilseed and a high-protein food for direct
consumption, peanut makes a significant contribution
to global nutrition and food security. Breeding efforts
of past decades achieved noteworthy improvements
in peanut yields, oil content and nutritional quality, as
well as resistance or tolerance to numerous biotic and
abiotic stresses. However, progress in peanut breeding
has plateaued in recent years due to the peanut’s
relative lack of genetic variability (compared to other
crops), and the reproductive barriers that complicate
the incorporation of desirable traits from related wild
Arachis species. Since 1994, huge strides have been
made in the fields of peanut taxonomy, genetics, and
genomics which have greatly improved our under-
standing of the crop’s evolution, domestication, and
the genetic affinities with and among its wild rela-
tives. This knowledge, enabled by significant recent
advances in biotechnology and genomics, is opening
up an exciting new chapter of peanut improvement
opportunities that are beginning to make the broad
range of valuable genetic diversity present in the
crop's secondary genepool available to breeders.

1.1 Rationale

A large amount of the peanut’s genepool is already
being conserved in different genebanks around the
world, with each collection having its particular objec-
tives, strengths, and challenges. While a great deal of
duplication of accessions exists amongst genebanks,
most collections contain some unique materials. How-
ever, not even the largest collections encompass the
full range of Arachis diversity, neither of the domesti-
cated peanut, nor of its related wild species. A signif-
icant proportion of the peanut genepool still remains

uncollected, undiscovered and/or unprotected, either
in remote wilderness areas of South America, or in the
cultivated plots of traditional smallholder farmers in
rural areas of Latin America, Africa and Asia. More-
over, the implementation (or non-implementation)

of various national and international policy regimes
governing the access and exchange of Arachis germ-
plasm currently presents a confusing, often lopsided
and sometimes conflicting legal scenario that severely
hampers international collaboration and restricts the
exchange of materials, information, and expertise.
This document provides an update on the current
status of Arachis germplasm conservation and use
worldwide, identifies outstanding gaps and research
priorities, and proposes an action plan to guide and
facilitate greater collaboration and efficiency through
participation in a more effective global system for the
conservation and sustainable use of peanut genetic
resources.

1.2 Objectives

1. An assessment of the peanut germplasm collections
of greatest national, regional and global impor-
tance in terms of their size, the extent and nature
of their genetic diversity and geographic coverage,
their standards of conservation and documenta-
tion, and the current availability and use of their
accessions.

2. A global assessment of outstanding gaps in the
germplasm collections, predominant impediments
to both ex situ and in situ conservation, current
research priorities, prevailing policy constraints,
and opportunities to achieve greater efficiency and
impact through partnerships.

3. An outline of a practical, evidence-based global
strategy for improving the conservation and use of
peanut genetic resources, with recommendations
for priority actions and key partnerships.

1.3 Process of developing the Global
Peanut Conservation Strategy

The development of this strategy was facilitated by
the Global Crop Diversity Trust (Crop Trust) within
the context of the ongoing project, Breathing New
Life into the Global Crop Conservation Strategies:
Providing an Evidence Base for the Global System of
Ex Situ Conservation of Crop Diversity. The project is
supported by the German Government (BMEL-BLE)
in partnership with the Secretariat of the Interna-
tional Plant Treaty (ITPGRFA) in an effort to revise
and update some of the 26 global crop conservation
strategies produced between 2006 and 2019, as well
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as to develop a number of strategies for a new set of
crops or crop groups. Following the outcome of the
project’s initiation meeting in October 2019 in which
crop experts from around the world participated,
peanut was one of the crops/crop groups chosen

for the development of a new global conservation
strategy. An independent consultant, David E. Wil-
June 2020 to coordinate the development of a Global
Strategy for the Conservation of Peanut Diversity
(Arachis spp.).

Due to travel restrictions imposed by the global
COVID-19 pandemic, it was not possible to convene
an international meeting of peanut experts to engage
in a strategy development workshop, as was typically
done in the preparation of earlier global crop strate-
gies. In light of the prevailing circumstances, the fol-
lowing steps were undertaken in the development of
the present draft Global Strategy for the Conservation
of Peanut Diversity:

1. A Standard Model Outline for Crop Strategies,
developed for the Crop Trust in 2019, was used
to guide the structure, content and format of the
Global Peanut Conservation Strategy.

2. National and international collections of peanut
germplasm were identified through online searches
of public databases, including those managed by
FAO (WIEWS), Crop Trust (Genesys), and USDA
(GRIN-Global). For information on the status of
peanut conservation and use at the global level,
the Second Report of the State of the World's
Plant Genetic Resources for Food and Agriculture
(FAO 2010) was consulted. For additional infor-
mation regarding peanut conservation and use at
the regional level, eight Regional Conservation
Strategies for plant genetic resources were also
consulted: The Americas; West and Central Africa;
Eastern Africa; Southern Africa; West Asia and
North Africa; Central Asia and the Caucasus; and
South, Southeast and East Asia.

3. An International Advisory Group (IAG), consisting
of eight prominent international peanut collection
curators, geneticists, breeders and plant explorers,
was formed to provide expert guidance and con-
tribute to the development of this strategy. A list of
the IAG members with their affiliations and contact
information is provided as Annex 1.

4. A literature review was conducted to capture foun-
dation references as well as recent research devel-
opments in the prehistory, evolution, taxonomy,
genetics and genomics, utilization, and conserva-
tion of peanut genetic resources worldwide.

5. A survey questionnaire was developed to send to
peanut germplasm collections around the globe for
the purpose of gathering basic, up-to-date infor-
mation on the numbers and types of accessions

held, the conditions under which they are stored,
their accessibility, and the uniqueness, perceived
gaps, and research priorities associated with the
collection. The survey questionnaire is presented as
Annex 2. The questionnaire was uploaded to the
SurveyMonkey online survey platform. Invitations
to participate and the link to the online survey
were sent on 15 August 2020 to the curators of 84
peanut germplasm collections reported in WIEWS
as having at least 100 accessions of Arachis. By

the cutoff date of 30 October 2020, a total of 27
responses to the online survey were received, of
which 24 were complete. The organizations that
contributed to the strategy development process
by completing the online survey questionnaire are
listed in Annex 3. The survey results were compiled
and analyzed and formed the primary basis for Sec-
tion 3 (Current Status of Ex Situ Conservation), and
informed the conclusions and recommendations
presented in this document.

. Based on the information recovered from the

literature review and the survey analysis, together
with the consultant’s personal experience and
specific inputs from IAG members, draft texts for
Section 1 (Introduction), Section 2 (Crop Overview),
Section 3 (Current Status of Ex Situ Conservation),
and Section 5 (Global Strategy) were prepared. A
draft text of Section 4 (Current Status of In Situ
Conservation) was prepared by Ehsan Dulloo under
a separate agreement with the Crop Trust, and
incorporated information and orientation provided
by D. Williams. Section 5 (Global Peanut Conser-
vation Strategy) was formulated to identify and
describe (a) the most pressing research and devel-
opment challenges, (b) priority actions that address
those challenges, and (c) key partnerships that can
implement an action plan that will facilitate more
efficient and effective conservation and use of
peanut genetic resources within the context of a
global system.

. Early drafts of the document were shared with

managers at the Crop Trust in November and
December 2020 for their observations and recom-
mendations. After incorporating the recommenda-
tions received from the Crop Trust, a consolidated
first draft of the Global Peanut Conservation
Strategy document was sent to the eight members
of the IAG for their comments, corrections, recom-
mendations and additions.

. Expert inputs from the IAG members were received

in February, March, and November 2021 and were
incorporated into the document. A final draft

of the Global Peanut Conservation Strategy was
reviewed by the Crop Trust in September 2021, and
a revised final manuscript was prepared and sub-
mitted to the Crop Trust in January 2022 for final
approval, layout and publication.
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2 CROP OVERVIEW

The peanut (Arachis hypogaea L.), also known as
groundnut, is a grain legume native to South America.
The peanut is believed to have originated in the area
of southern Bolivia and northwestern Argentina,

as a result of a fortuitous hybridization of two wild
diploid species, that then underwent spontaneous
polyploidization, producing the allotetraploid species
A. hypogaea (2n=4x=40). The novel allotetraploid
species subsequently became domesticated sometime
between 6,000 and 10,000 years ago (YBP) through its
interactions with incipient agriculturalists living around
the present-day frontier between southeastern Bolivia
and northern Argentina (Bertioli et al. 2016, 2021;
Favero et al. 2006; Grabiele et al. 2012; Seijo et al.
2007). From this center of origin, the crop eventually
spread throughout the Neotropics, where it evolved
and diversified in response to not only the different
ecogeographic conditions it encountered, but also the
anthropocentric selection pressures it received over
time from the multitude of human cultures and civili-
zations that adopted and modified it along the way. As
a result of the peanut’s extensive prehistoric dispersion
throughout South and Central America and the Carib-
bean, an astonishing amount of phenotypic diversity
arose in the form of two distinct subspecies, six botan-
ical varieties, and many hundreds of local landraces.

2.1 Prehistoric evidence

Archeological evidence provides important informa-
tion for establishing the peanut’s early dispersal, and
longstanding importance for different pre-Hispanic
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cultures and civilizations. The arid conditions of
northern Peru’s coastal region are conducive to the
long-term preservation of human and plant remains,
and numerous examples of early peanut cultivation
and use have been discovered there. Excavations of
preceramic sites in the Nanchoc Valley of northern
Peru produced evidence of apparent peanut cultiva-
tion with radiocarbon dates from around 8,000 YBP
(Dillehay et al. 2007), although the peanut fragments
recovered there appear more like wild Arachis. The
peanut species encountered in this excavation was
probably introduced from the eastern side of the
Andes mountains, and may represent an introduced
wild species in an early stage of domestication.

The earliest unequivocal evidence of domesticated
peanut (A. hypogaea) comes from Peru, where
remains of cultivated peanuts were recovered from
Los Gavilanes, a coastal site dating from ~3,500-4,500
YBP, and from the Huarmey Valley dating from around
5,000 YBP (Bonavia 1982, Pearsall 1992, Hammons et
al. 2016). Much later, during the Early Intermediate
Period of the Moche civilization (2,200 — 1,140 YBP),
peanuts had attained special status as an elite food
consumed by high-ranking individuals at ceremonial
feasts. Peanuts were a recurrent theme in the finely
executed polychrome ceramic dishes, jars and other
artistic objects for which the Moche are well known
(Figure 2.1). Peanuts also played an important role in
Moche funerary practices for high status individuals,
where offerings of actual peanuts were included as






ritual food for the deceased'’s journey to the after-
world. These burials were frequently accompanied

by a variety of artistic peanut representations such

as peanut-themed funerary vases, ceramic peanut
pendants molded from peanut pods, and peanut jew-
elry skillfully crafted from precious metals. The most
notable of these is the gold and silver peanut necklace
that formed part of the lavish personal adornments
recovered from the tomb of the Moche Lord of Sipan
(Alva and Donnan 1993, Masur et al. 2020).

Funerary practices involving peanuts were also dis-
covered further south, on the Argentina-Chile border,
where well-preserved peanut pods and seeds were dis-
covered among the mummified remains of three chil-
dren who had been ritually sacrificed on a mountain
peak at 6,715 m elevation, dating from the last days
of the Inca empire, sometime between 1471 and 1532
AD (Krapovickas and Vanni 2009). In North America,
remains of fully domesticated peanuts, dating from

as early as 2,200 YBP, were recovered from archeobo-
tanical excavations of dry caves in the Tehuacan Valley
of central Mexico (Smith 1967), reflecting the broad
extent of the cultigen’s dissemination in early prehis-
toric times.

By the time of the arrival of the first Europeans in the
New World, the peanut was widely known and culti-
vated throughout the tropical and sub-tropical regions
of the Americas.

2.2 Colonial history and dissemination
Christopher Columbus, during his initial voyage to
the New World in 1492, became the first European

to encounter the peanut when he visited the north-
west coast of Hispaniola, in what is now Haiti (Fuson
1987). Soon thereafter, early Spanish and Portuguese
explorers reported peanuts being cultivated by native
peoples on several of the islands of the West Indies, in
Mexico, on the northeast and east coasts of Brazil, in
the warm lands of the Rio de la Plata basin, and exten-
sively in Peru. From these regions, the peanut was
disseminated by early Spanish and Portuguese traders
to Europe, and along the coasts of Africa, Asia, and
the Pacific Islands (Hammons et al. 2016).

Peanut was introduced to West Africa from Brazil by
Portuguese traders in the 16" century (Hammons et
al. 2016). The acceptance of the peanut by African
farmers was undoubtedly facilitated by the existence
there of the Bambara groundnut (Vigna subter-
ranea), an analogue of the peanut already cultivated
widely in Africa at the time. The pre-existence of a
native, geocarpic leguminous cultigen clearly favored
the peanut’s rapid expansion across the continent,
where it may well have displaced traditional Bambara
groundnut cultivation in many areas (Williams 2004).
In the centuries following its introduction, the peanut
became fully integrated into subsistence farming
systems and various ethnic African cuisines, causing
the crop to diversify into dozens of distinct African
landraces.

In Asia, the peanut was first introduced into south-
eastern China (Fujian) early in the 16t century,
evidently by Portuguese traders, after which the crop
spread rapidly throughout the warmer, southern
regions of the country where it became widely

Figure 2.2 Types of peanuts
taken at random from:

(1) tombs at Ancon, Peru,

(2) Java,

(3) Tonkin,

(4) Madagascar,

(5) Madagascar,

(6) Spain,

(7) Dahomey,

(8) Senegal, and

(9) Spain.

Based entirely upon the
illustrated pod morphology
and the geographic origins
provided, examples (1) through
(5) almost certainly represent
var. hirsuta types; example

(6) represents a “Valencia”
market type; example (7) is
most likely a “Runner” market
type; example (8) appears to
be a “Virginia” market type;
and example (9) shows a typical
“Spanish” market type.
Illustration from R.A. Waldron,
1918, p. 308, Figure 3 (after
Dubard 1905)
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adopted and cultivated (Ho 1955). The activity of the
“Manila Galleons,” a transpacific trade route with
regularly scheduled voyages sustained by the Spanish
crown from 1565 to 1815, enabled a constant flow of
materials and culture between the New World ports
of Lima, Peru, and Acapulco, Mexico, and Manila, the
Philippines, a gateway to the Orient. Throughout this
250-year period, the Manila Galleons were instru-
mental in introducing numerous American crops and
crop varieties to southeast Asia. Among these were
peanut landraces of the botanical variety hirsuta,
which became known as “dragon-type” peanuts

in China. These distinctive “dragon” peanuts were
also introduced to Indonesia, from where they were
evidently carried to Madagascar by the Indonesian
settlers of that East African island (Krapovickas 1998).

There has been some debate regarding the peanut’s
introduction to India, but the most credible accounts
suggest that the crop was introduced, via the Philip-
pines, to the South Arcot district of Madras State (now
Tamil Nadu) sometime during the 18" century, either
directly by Portuguese traders or as a result of the
Manila Galleons (Talawar 2003). Badami (1936) found
a close resemblance between the indigenous [sic]
peanut he found growing in Mysore and herbarium
specimens he examined at the Royal Botanic Gardens,
Kew, from South America, the Philippines, China and
Java, which could all have corresponded to the distinc-
tive, easily recognizable pod and leaf morphology of
the botanical variety hirsuta (see Figure 2.2).

The first successful introductions of peanut to the
United States most likely came directly from West
Africa on ships carrying enslaved people to the colo-
nial southeastern seaboard, sometime during the late
17t or 18™ century, although the exact time and place
of its introduction there was not documented (Ham-
mons et al. 2016).

2.3 Modern cultivation and use

Today, peanut is the most widespread grain legume
in the world, cultivated as an oilseed and food crop in
111 countries throughout the tropics and sub-tropics,
with a total commercial production approaching

49 million metric tons in 2019 (FAOSTAT 2021). The
world'’s 10 largest producers of in-shell peanuts are
shown in Table 2.1. Khoury et al. (2021) compiled a
series of indicators and metrics for a number of eco-
nomically important crops, including peanut, a sum-
mary of which are presented in Annex 4 of this docu-
ment. In the latter part of the 20t century, a few wild
Arachis species, particularly A. pintoi and A. glabrata,
have been cultivated as groundcover and forage spe-
cies, and improved varieties have been developed and
distributed commercially around the world.

2.4 Genetic diversity and genetic
resources

2.4.1 Biology

The genus Arachis belongs to the Fabaceae (pea)
family, and currently consists of 83 described species,
all of which are endemic to southern South America,
where the ranges of its wild species are limited to

five countries: Argentina, Bolivia, Brazil, Paraguay,
and Uruguay (Table 2.2). Wild Arachis species may

be annual or perennial, and are typically diploid
(2n=2x=20), although a few aneuploid (2n=2x=18) and
tetraploid (2n=4x=40) species are known. The wild
species are variously adapted to diverse and harsh con-
ditions that range from wetlands or seasonally inun-
dated areas with heavy soils, to dry environments with
deep sand or rocky soils (Simpson et al. 2001, Bertioli
et al. 2011). They are widely distributed across their
natural range in South America, a vast area stretching
from the foothills of the Bolivian and Argentine Andes
in the west, to NE Brazil and along the Atlantic coast
from SE Brazil to southern Uruguay (Valls et al. 1985,
Krapovickas & Gregory 1994, 2007).

All Arachis species are characterized by geocarpy, that
is, the underground development of their fruits and
seeds. While having aerial flowers typical of papil-
ionaceous legumes, the most defining morphological
features of the genus are the subterranean plant parts
- root systems, hypocotyls, rhizomatous structures,
and fruits — organs that are not often included in her-
barium specimens or noted by collectors (Krapovickas

Table 2.1 Ten largest peanut producing countries in 2019
(source: FAOSTAT 2021)

Rank Country Prog(;x 1c ;ion Paegrceec';}'
(metric tons) vtv&raltli
1 Peoples Republic of China 17,519,600 359
2 India 6,727,180 13.8
3 Nigeria 4,450,050 9.1
4 Sudan 2,828,000 5.8
5 USA 2,492,980 5.1
6 Myanmar 1,615,715 3.3
7 Senegal 1,421,288 3.0
8 Argentina 1,337,229 2.7
9 Guinea 957,662 2.0
10 Chad 939,252 1.9
Subtotal of top 10 producers 40,288,956 82.6

World total 48,756,790 100%
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Table 2.2 Arachis species, by taxonomic section and country of occurrence. (Contributed by J.F.M. Valls, 10 July 2020, updated 10
December 2021)

ARG BOL BRA PRY URY

Sect. Arachis

Arachis batizocoi Krapov. & W.C.Greg. X X
Arachis benensis Krapov., W.C.Greg. & C.E.Simpson E

Arachis cardenasii Krapov. & W.C.Greg. X X
Arachis correntina (Burkart) Krapov. & W.C.Greg. X X
Arachis cruziana Krapov., W.C.Greg. & C.E.Simpson B

Arachis decora Krapov., W.C.Greg. & Valls E

Arachis diogoi Hoehne [RC] X X X
Arachis duranensis Krapov. & W.C.Greg. X X X
Arachis glandulifera Stalker X X

Arachis gregoryi C.E.Simpson, Krapov. & Valls [X] X

Arachis helodes Mart. ex Krapov. & Rigoni B

Arachis herzogii Krapov., W.C.Greg. & C.E.Simpson E

Arachis hoehnei Krapov. & W.C.Greg. E

Arachis hypogaea L. [TC] [TC] [TC] [TC] [TC]
Arachis inflata Seijo, Atahuachi, C.E.Simpson & Krapov. E

Arachis ipaénsis Krapov. & W.C.Greg. E

Arachis kempff-mercadoi Krapov., W.C.Greg. & C.E.Simpson E [RC]

Arachis krapovickasii C.E.Simpson, D.E.Williams, Valls & 1.G.Vargas E

Arachis kuhlmannii Krapov. & W.C.Greg. E

Arachis linearifolia Valls, Krapov. & C.E.Simpson E

Arachis magna Krapov., W.C.Greg. & C.E.Simpson X X

Arachis microsperma Krapov., W.C.Greg. & Valls X X
Arachis monticola Krapov. & Rigoni B

Arachis palustris Krapov., W.C.Greg. & Valls

Arachis porphyrocalyx Valls & C.E.Simpson

Arachis praecox Krapov., W.C.Greg. & Valls E

Arachis schininii Krapov., Valls & C.E.Simpson E
Arachis simpsonii Krapov. & W.C.Greg. X X

Arachis stenosperma Krapov. & W.C.Greg. B

Arachis trinitensis Krapov. & W.C.Greg. E

Arachis valida Krapov. & W.C.Greg. E

Arachis vallsii Krapov. & W.C.Greg. E

Arachis villosa Benth. X X X
Arachis williamsii Krapov. & W.C.Greg. E

Arachis pintoi Krapov. & W.C.Greg. [RC] [RC] E [RC]
Arachis repens Handro [RC] E

Sect. Erectoides Krapov. & W.C.Greg.

Arachis archeri Krapov. & W.C.Greg.
Arachis benthamii Handro

Arachis brevipetiolata Krapov. & W.C.Greg.
Arachis cryptopotamica Krapov. & W.C.Greg.
Arachis douradiana Krapov. & W.C.Greg.
Arachis gracilis Krapov. & W.C.Greg.

Arachis hatschbachii Krapov. & W.C.Greg.
Arachis hermannii Krapov. & W.C.Greg.

X m m m mMm mMm m m m

Arachis major Krapov. & W.C.Greg.
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ARG BOL BRA PRY URY
Arachis martii Handro E
Arachis oteroi Krapov. & W.C.Greg. B
Arachis paraguariensis Chodat & Hassl. X X
Arachis stenophylla Krapov. & W.C.Greg. B

Sect. Extranervosae Krapov. & W.C.Greg.
Arachis burchellii Krapov. & W.C.Greg.
Arachis lutescens Krapov. & Rigoni

Arachis macedoi Krapov. & W.C.Greg.
Arachis marginata Gardner

Arachis pietrarellii Krapov. & W.C.Greg.
Arachis prostrata Benth.

Arachis retusa Krapov., W.C.Greg. & Valls
Arachis setinervosa Krapov. & W.C.Greg.

Arachis submarginata Valls, Krapov. & C.E.Simpson

m m m m fm fm ¥m ¥m ¥m ¥m

Arachis villosulicarpa Hoehne

Sect. Heteranthae Krapov. & W.C.Greg.

Arachis dardani Krapov. & W.C.Greg.

Arachis giacomettii Krapov., W.C.Greg., Valls & C.E.Simpson

Arachis interrupta Valls & C.E.Simpson
Arachis pusilla Benth.

Arachis seridoénsis Valls, C.E.Simpson, Krapov. & R.Veiga

m m m m m m

Arachis veigae S.H. Santana & Valls

Sect. Procumbentes Krapov. & W.C.Greg.

m

Arachis appressipila Krapov. & W.C.Greg.

Arachis chiquitana Krapov., W.C.Greg. & C.E.Simpson E
Arachis hassleri Krapov., Valls & C.E.Simpson E
Arachis jacobinensis Valls & Simpson

Arachis kretschmeri Krapov. & W.C.Greg.

Arachis lignosa (Chodat & Hassl.) Krapov. & W.C.Greg.

Arachis matiensis Krapov., W.C.Greg. & C.E.Simpson X

X X X m m
b

Arachis pflugeae C.E.Simpson, Krapov. & Valls
Arachis rigonii Krapov. & W.C.Greg. E
Arachis subcoriacea Krapov. & W.C.Greg. E

Sect. Rhizomatosae Krapov. & W.C.Greg.

Arachis burkartii Handro X X
Arachis glabrata Benth. X [X] X
Arachis nitida Valls, Krapov. & C.E.Simpson X X
Arachis pseudovillosa (Chodat & Hassl.) Krapov. & W.C.Greg. X

Sect. Trierectoides Krapov. & W.C.Greg.
Arachis quaranitica Chodat & Hassl. X X

Arachis tuberosa Bong. ex Benth. X [X]

Arachis triseminata Krapov. & W.C.Greg. E

Sect. Triseminatae Krapov. & W.C.Greg.

Taxonomic section yet to be defined
Arachis sesquijuga Valls, Costa & Custodio E

Species naturally or traditionally occurring per country

Endemic species per country

X = Country of natural occurrence, eventually including cultivated populations

[X] = Natural occurrence confirmed by collection, though not yet reported in literature
E = Country of endemic natural occurrence

TC = Occurrence under cultivation only, traditional (many centuries)

RC = Occurrence under cultivation only, recent (few decades)
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& Gregory 1994, 2007). This particular combination
of distinguishing aerial and subterranean features
presents special challenges for collecting, character-
izing and describing wild Arachis species as well as
cultivated landraces.

For example, in the process of classifying the peanut
landraces of Bolivia, Peru, and Ecuador, researchers
confronted the fact that when analyzing the plants

at their peak of growth and flowering, the fruits had
not yet fully developed; and when the time came to
harvest and study the mature fruits, the plants were
on their last legs. To overcome this problem, it became
necessary to carefully record the distinguishing
agro-morphological characteristics of the plants and
the fruits in their respective seasons of optimum
development, repeat these observations over succes-
sive cycles, make representative herbarium and fruit
specimens for each accession, and later integrate the
information in a systematic way to achieve a practical
classification based on the combination of said charac-
teristics (Krapovickas et al. 2009, 2013, 2021).

The cultivated peanut, Arachis hypogaea L., is a
self-pollinated allotetraploid (2n=4x=40) that orig-
inated from a single hybridization event between
diploid progenitors followed by spontaneous chro-
mosome duplication (polyploidization) estimated
between 3,500 and 9,400 years ago (Bonavia 1982,
Simpson et al 2001, Bertioli et al. 2016, 2019). Cytolog-
ical and molecular studies suggest that A. duranensis
(AA) and A. ipaénsis (BB) are the most probable
diploid progenitors of cultivated peanut (Fernandez

& Krapovickas 1994, Seijo et al. 2004, Nascimento et
al. 2020). Neolithic hunter-gatherers or proto-agricul-
turalists, who had already been interacting with and
exploiting other wild Arachis populations as nutritious
food sources, readily detected and exploited the new
polyploid species, A. hypogaea, leading to its eventual
domestication (Hammons et al. 2016).

Ethnographic, ethnohistoric, and biological evidence
reveal that A. villosulicarpa and A. stenosperma were
also domesticated at some point by indigenous groups
in Brazil, who cultivated them on a limited scale
(Simpson et al. 2001). But today, only A. hypogaea is
economically important as an oilseed and food crop
(Stalker et al. 2016).

A few wild Arachis species — particularly A. pintoi
(section Caulorrhizae) and A. glabrata (section Rhi-
zomatosae) - are valued as forage crops, and com-
mercial varieties of these are now used as cultivated
pastures in numerous countries around the world.
Others - such as A. repens (section Caulorrhizae) and
A. kempff-mercadoi (section Arachis) — are used locally
as ornamental groundcovers, for erosion control and
soil restoration, and as green fertilizer crops.
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Wild Arachis species are important to peanut improve-
ment due to their wide range of diverse traits (Barkley
et al. 2016), and their use in peanut breeding can
increase the genetic diversity in the cultivated peanut.
For example, there is evidence of high levels of disease
and pest resistance in many of the wild Arachis species
(Stalker et al. 2013; 2017). The selection and introgres-
sion of genes from wild Arachis species for resistance
to important pests and diseases such as root-knot
nematode (Meloidogyne arenaria), early and late leaf
spot, rust (Thecaphora frezii), and Sclerotinia blight,
have been successfully used to produce improved
peanut cultivars (Simpson & Star 2001, Simpson et al.
2003, Holbrook et al. 2008, Isleib et al. 2011, de Blas et
al. 2019).

Introgression of traits from wild species into the cul-
tivated peanut by conventional hybridization is very
challenging because interspecific hybrids between
diploid wild species and tetraploid cultivated peanut
are triploid and sterile. However, recent advances in
genomic studies, chromosome mapping, and other
biotechnological tools, including the development
of artificial amphidiploids, show great potential for
achieving targeted gene introgression.

2.4.2 Taxonomy

The cultivated peanut had been known by various
names to 16 and 17t century European botanists,
but the species was not formally identified as Arachis
hypogaea until it was described by Carl Linnaeus, the
“father of modern taxonomy,” in his landmark botan-
ical treatise, Species Plantarum, published in 1753. At
that time, it was the only species known to represent
the genus Arachis. It wasn't until nearly 90 years later
that Bentham (1841) published the first descriptions of
five wild Arachis species; he later expanded his treat-
ment to include seven species, including A. hypogaea
(Bentham 1859). Over the next century, various other
botanists grappled with the identification, description
and classification of Arachis species, a task compli-
cated by the distinctive, often cryptic, morphological
features of the species, noted above. These efforts
resulted in a confusing plethora of species names and
synonyms. The ensuing taxonomic muddle was com-
pounded by the fact that many of the names for Ara-
chis species and varieties used until nearly the end of
the 20t century did not conform to the International
Code of Botanical Nomenclature. These informal taxa
were considered nomina nuda (“naked names"”) and
were therefore invalid taxonomically, which hampered
further research.

Then, in 1994, the genus Arachis was once again
(and for the first time since Linnaeus) placed on firm
taxonomic ground with the publication (in Spanish)
of a comprehensive treatise in which 69 species were
described (Krapovickas & Gregory 1994). An autho-



rized English translation of the monograph was
published later (Krapovickas & Gregory 2007), making
it accessible to a wider audience. The monograph
provided peanut researchers with a solid systematic
foundation, which has since been built upon by the
authors’ former students and colleagues (Stalker 1991;
Valls & Simpson 2005; Krapovickas & Gregory 2007;
Seijo et al. 2007, 2021; Krapovickas et al. 2009, 2013,
2021; Valls et al. 2013, 2017; Santana & Valls 2015)
with a current total of 83 species described, and abun-
dant germplasm samples obtained and widely distrib-
uted for further study and ex situ conservation. The
taxonomic work is ongoing, as several new Arachis
species have been discovered in recent years and these
are currently being described and their germplasm
conserved ex situ for future research and development
(J.G. Seijo, pers. comm.; J.F.M. Valls, pers. comm.).

Sections of the genus Arachis

In their monograph, Krapovickas & Gregory (1994,
2007) subdivided the genus into nine sections (Arachis,
Caulorrhizae, Erectoides, Extranervosae, Heteranthae,
Procumbentes, Rhizomatosae, Trierectoides, and
Triseminatae) based on species’ morphological traits,
chromosomal characteristics, geographic distribution,
and crossability studies.

Subsequent genetic studies have, on the whole,
tended to confirm and substantiate the sectional and
genomic classifications proposed by Krapovickas &
Gregory in 1994 (Barkley et al. 2007, Bechara et al.
2010). The systematic relationships among Arachis
species have also been inferred using cytology (Fer-
nandez & Krapovickas 1994; Lavia 2001; Lavia et al.
2001, 2009; Silvestri et al. 2017), seed storage pro-
teins (Grosso et al. 1994), isozymes, various molecular
markers such as RAPDs, RFLPs (Burow et al. 2009),
microsatellites (Moretzsohn et al. 2004), AFLPs (Milla
et al. 2005), cytogenetic and molecular data from AFLP
and the trnT-F plastid region (Tallury et al. 2005), FISH
and GISH (Seijo et al. 2004, 2007), and ITS and 5.8S
rDNA (Bechara et al. 2010). Most of these studies have
focused on species belonging to section Arachis due to
their affinity to the cultigen, although some concen-
trate on Arachis species with forage potential (Ange-
lici et al. 2008, Azévedo et al. 2016, Ortiz et al. 2013).

Genomes within the section Arachis

Section Arachis is the largest, most diverse, and pre-
sumably the most recently evolved section of the genus
(Simpson et al. 2001). Section Arachis is comprised of
the cultigen, A. hypogaea, its tetraploid wild sister,

A. monticola, plus 32 diploid wild species (Table 2.2).

Initially all species within the section Arachis were
believed to possess either an A or a B genome. The use
of increasingly sophisticated molecular and genomic
tools has permitted the identification of additional

genomes in the section Arachis. Arachis glandulifera
was classified as having a D genome when the species
was first described by Stalker (1991). Some section
Arachis species that were formerly assigned to the

B genome have been reassigned to K and F genomes
(Seijo et al. 2004, Robledo & Seijo 2010), and the
aneuploid species with 2n=18 were assigned to the

G genome (Silvestri et al. 2015).

Several diploid species of the section Arachis have
been considered as potential ancestors of the culti-
vated peanut. These include the A genome species

A. correntina, A. duranensis, and A. cardenasii; the

K genome species A. batizocoi; and the B genome
species A. ipaénsis (Gregory & Gregory 1976; Singh

& Smartt 1998; Stalker et al. 1991). Based on current
scientific evidence, A. duranensis (AA) and A. ipaénsis
(BB) are considered the most closely related to the
component A and B subgenomes of cultivated peanut
(Kochert et al. 1996; Moretzsohn et al. 2013; Robledo
& Seijo 2010; Seijo et al. 2004, 2007; Grabiele et al.
2011; Bertioli et al. 2016, 2019). Nonetheless, the
other diploid species within the section Arachis with
either A or B genomes also represent candidate gene
donors to the cultivated peanut and thereby consti-
tute the crop’s secondary genepool.

Arachis hypogaea is an allotetraploid species (2n =
4x = 40) with an AABB-type genome (Husted 1936;
Smartt et al. 1978). The tetraploid genomic make-up
of A. hypogaea is derived from its two diploid
parental species — one with an AA genome and the
other with a BB genome — which spontaneously
hybridized (AB), followed by a polyploidization event
yielding the tetraploid (AABB). The only other tetra-
ploid species in the section Arachis is A. monticola, a
wild-living taxon that shares the same allopolyploid
genome (AABB) as A. hypogaea. While the precise
evolutionary relationship between the two taxa
remains unclear, it is generally accepted that both
were somehow derived from the same hybridization
event that led to the domestication of A. hypogaea.
Because the two taxa are interfertile and essentially
conspecific, A. monticola joins A. hypogaea to consti-
tute the crop’s primary genepool.

It is now generally accepted that A. hypogaea is a
monophyletic allopolyploid, meaning that it resulted
from a single, spontaneous hybridization/polyploid-
ization event, followed by domestication. This sug-
gests that the crop experienced a severe genetic
bottleneck as a result of its domestication, leaving it
reproductively isolated from its closest diploid rela-
tives. This helps explain the peanut’'s apparent dearth
of genetic diversity, as reported by numerous inves-
tigators (Kochert et al. 1991, Moretzsohn et al. 2004,
Burow et al. 2009). In order to broaden the cultivated
peanut’s genetic base, breeders have long been keen
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to introgress valuable genes from closely related wild
species. In an effort to identify the crop’s progenitor
species, Gregory and Gregory (1979) conducted an
extensive crossing program that enabled them to
divide the wild species in section Arachis into poten-
tial A and B genome donors based on their genetic
affinities. This knowledge has served to guide further
studies and experimentation, including some early suc-
cess in using wild species in peanut breeding programs
(Singh & Moss 1982; Simpson & Starr 2001, Simpson et
al. 2003, Burow et al. 2001, 2008, 2009).

Most wild species of Arachis are diploid and produce
infertile triploid offspring when crossed directly with
cultivated peanut. To overcome this hurdle, recent
efforts to use wild Arachis species in peanut breeding
have focused on the development of artificial allotetra-
ploids, also referred to as amphidiploids (Simpson et al.
1993; Mallikarjuna et al. 2010; Stalker 2017; Leal-Ber-
tioli et al. 2015, 2017; Levinson et al. 2021). These
artificial, or synthetic, allotetraploid plants are typically
produced by crossing a combination of two (or more)
wild species representing both AA and BB genomes,
and the subsequent treatment of the sterile diploid

F, hybrids with colchicine (to induce chromosome dou-
bling), resulting in an AABB genome similar to — and
compatible with — the cultigen. The incorporation of a
growing number of wild diploid species in the creation
of new artificial allotetraploids, or neotetraploids,

is proving to be a major breakthrough in the under-
standing of the genetics and genome structure of

the peanut crop (Bertioli et al. 2016, 2021) and shows
great promise for contributing significantly to peanut
improvement through the incorporation of agronomi-
cally valuable traits present in wild Arachis species.

Favero et al. (2006) created an artificially induced
amphidiploid derived from A. ipaénsis and

A. duranensis, the putative genome donors of the
cultigen. This synthetic allotetraploid produced fertile
hybrids when crossed with varieties of both subspecies
of cultivated peanut, allowing for the construction

of chromosome segment substitution lines in peanut
(Fonceka et al. 2012). Recombinant inbred lines
obtained from a hybrid of this synthetic allotetraploid
and cultivated peanut are vigorous and fertile. These
observations indicate that the artificially induced
allotetraploid (A. ipaénsis x A. duranensis)® and the
spontaneous allotetraploid, A. hypogaea, have a sim-
ilar genomic structure (Bertioli et al. 2016).

In the past decade, numerous artificially induced allo-
tetraploids have been developed using wild Arachis
species, in an effort to facilitate the introgression

of pest and disease resistance and other desirable
characteristics from those wild species into the cul-
tigen through hybridization with and backcrossing to
A. hypogaea. A team at ICRISAT led by Mallikarjuna et
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al. (2010) developed a series of 17 synthetic tetraploid
groundnuts using nine diploid Arachis species with A
and B genomes. Kumari et al. (2014) used two syn-
thetic amphidiploids generated from three wild Ara-
chis species at ICRISAT to create backcross populations
with five elite peanut varieties that resulted in several
introgression lines possessing foliar disease resistance
and other important traits that are now available to
peanut breeders for future genetic enhancement of
the crop. Michelotto et al. (2017) evaluated the resis-
tance to thrips (Enneothrips flavens) of 10 wild Arachis
species and nine artificially induced amphidiploids
using 13 diploid Arachis species. They determined that
accessions of A. vallsii, A. kempff-mercadoi, A. bati-
zocoi, A. williamsii, A. duranensis, and A. magna are
the most promising for obtaining resistant amphidip-
loids, and that the amphidiploids (A. batizocoi x A.
kempff-mercadoi)®, (A. gregoryi x A. stenosperma)®,
and (A. magna x A. cardenasii)* presented high levels
of resistance to E. flavens (Michelotto et al. 2017).

Favero et al. (2015, 2020) used combinations of more
than a dozen diploid wild species to produce various
synthetic amphidiploids, and a series of complex
hybrids between amphidiploids involving four wild
species each, some of which were then hybridized
with different cultivars of A. hypogaea. The progenies
and parents of these crosses were then characterized
using molecular, morphological, reproductive, phyto-
pathological and entomological characterization tech-
niques, demonstrating the feasibility of using complex
crosses to introgress useful genes from non-closely
related wild diploid species into the cultivated peanut
(Favero et al. 2020).

In an effort to develop pre-breeding materials for
transferring to the cultivated peanut resistance to
peanut smut (T. frezii) found in wild Arachis species,
de Blas et al. (2019) developed an amphidiploid

from three resistant diploid species [(A. correntina

x A. cardenasii) x A. batizocoi]*. A recombinant
inbred line (RIL) population with high phenotypic
variability for resistance to peanut smut was then
obtained by crossing the synthetic amphidiploid with
an experimental line of A. hypogaea. The synthetic
amphidiploid itself and 22 of the RILs proved to be
highly resistant to peanut smut, demonstrating that
peanut smut resistance from wild diploid species can
be effectively introgressed into the peanut crop using
synthetic amphidiploids and recombinant inbred lines
(de Blas et al. 2019).

Most recently, an artificially induced allotetraploid
was derived from a cross between A. valida (BB)
and A. stenosperma (AA) whose chromosomes were
then doubled using colchicine to produce the allo-
tetraploid, denominated ValSten (Gao et al. 2021).
The synthetic ValSten plants were not only sexually



compatible with cultivated peanut, produced abun-
dant seed and had well-developed fertile pollen,

but they also demonstrated complete resistance to
early and late leaf spot and rust diseases—as do their
diploid parents. Levinson et al. (2021) developed four
allotetraploid interspecific hybrids that are cross-com-
patible with A. hypogaea. These allotetraploids were
artificially induced from various combinations of five
diploid Arachis species, and were then characterized
using morphological and reproductive parameters. It
was found that at least one or more the artificial allo-
tetraploids differed from the cultivated peanut con-
trol in nearly every parameter, making a much wider
source of phenotypic diversity available to peanut
breeders as part of the crop’s primary genepool.

These recent results further manifest the poten-

tial of artificially induced allotetraploids/, not only

for facilitating the introgression of wild genes for
peanut improvement, but also as another option for
maintaining and distributing wild peanut genetic
resources, particularly in locations where wild Arachis
species are difficult or impossible to conserve or repro-
duce ex situ (Gao et al. 2021).

Infraspecific taxa within the cultivated peanut

(A. hypogaea)

The genetic diversity contained within the different
manifestations of the cultivated peanut and its con-
specific wild form, A. monticola, constitutes the crop’s
primary genepool, and is the logical starting point
for any peanut improvement program. In contrast

to the frequent assertions of molecular biologists
that A. hypogaea has a relatively low level of genetic
diversity, the crop displays an astounding degree of
phenotypic variation among its countless unimproved
local varieties spread across its vast native range, a
diversity of forms, habits, sizes, colors and shapes that
is immediately apparent to the naked eye, but which
few people (other than collection curators) have the
opportunity to witness. Krapovickas and Gregory
(1994) supported Waldron’s (1919) recognition of
two distinct subspecies within the cultigen, subsp.
hypogaea and subsp. fastigiata, based on plant habit,
leaf color, the presence or absence of flowers on the
mainstem, and the flowering pattern on the lateral
branches. Each subspecies was, in turn, subdivided
into botanical varieties, numbering six in all. Subspe-
cies hypogaea is composed of two botanical varieties:
var. hypogaea and var. hirsuta. Subspecies fastigiata is
composed of four botanical varieties: var. fastigiata,
var. vulgaris, var. peruviana, and var. aequatoriana.
The botanical varieties correspond generally to com-
mercial market types, with the exceptions of var. peru-
viana and var. aequatoriana whose cultivation remains
limited almost entirely to small-scale farmers in their
respective areas of origin in South America (see Box 1)

Recent molecular and genomic studies of peanut
botanical varieties have begun to shed new light on
the phylogenetic relationships between the varieties,
bringing into question the nature and placement of
some of the botanical varieties within the current
taxonomic scheme (He & Prakash 2001, Ferguson et
al. 2004). Further molecular, genomic, morphological,
ethnographic and archaeological research, based on a
broader and more representative sampling of unim-
proved landraces corresponding to each of the six
botanical varieties, will be required to fully ascertain
the phylogenetic origins and identities of the botan-
ical varieties and their taxonomic placement within
A. hypogaea.

Modern commercial cultivars are frequently presumed
to represent botanical varieties, when in reality they
are of mixed origin. A typical example of this confu-
sion is the registered cultivar ‘Florigiant’ which, due to
its runner-type growth habit, seed size and pod type,
is frequently regarded as pertaining to Arachis hypo-
gaea subsp. hypogaea var. hypogaea. However, Flori-
giant’s pedigree reveals that it is in fact the product of
a series of deliberate crosses and backcrosses between
parental lines corresponding to both subsp. hypogaea
var. hypogaea and subsp. fastigiata var. vulgaris (Isleib
et al. 2001). The advantages of using such inter-sub-
specific crosses in the development of commercial
varieties is such that most of the current runner- and
virginia-type cultivars grown in the United States trace
their ancestry back to two inter-subspecific (subsp.
hypogaea x subsp. fastigiata) and inter-varietal (var.
hypogaea x var. vulgaris) crosses (Isleib et al. 2001).
Such inter-subspecific and inter-varietal hybrids do
not conform to the standard taxonomic classification
system and cannot be unequivocally assigned to a par-
ticular subspecies or botanical variety. Therefore, to
preclude unnecessary confusion, care should be taken
to avoid including modern cultivars and complex
hybrid varieties when conducting phylogenetic studies
of the crop’s primary genepool.

Landraces

The next level of diversity lies within each of the
botanical varieties, that is, the locally developed
farmer varieties, or landraces. A landrace is a less
formal but nonetheless practical category for classi-
fying and managing crop genetic diversity, and is a
concept that is used and practiced widely by tradi-
tional farming communities throughout the peanut’s
native range as well as in its secondary centers of
diversity in Africa and Asia. A landrace is genetically
and morphologically heterogeneous by nature, but
adheres to a certain set of defining characteristics that
are best known to the traditional farmers who have
been selecting, sowing and harvesting the landrace
for generations. Many of the defining features of a
landrace can be readily observed by an outsider, but
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other important traits — such as agronomic character-
istics, cooking qualities, ceremonial significance, or
ethnic identity — may not be so obvious. In its original
on-farm context, a landrace is a conceptual entity
defined by traditional farmers, perhaps best under-
stood as a population of related individual plants that
grow well in a given environment and produce a har-
vest that exhibits a distinctive set of desired traits and
qualities. In any case, a landrace represents the unit of
management, that is, the object of the farmers’ selec-
tion and propagation efforts to replenish and sustain
their supply of a specific local variety.

Although local varieties are currently being displaced
at a rapid rate around the world by improved com-
mercial varieties, extant peanut landraces probably
still number in the thousands, most of which have
been scarcely collected and poorly documented
beyond their local names. Three noteworthy excep-
tions to this trend are the monographic classifications
of peanut landraces in Bolivia, Peru, and Ecuador
(Krapovickas et al. 2009, 2013, 2021). These mono-
graphs are the product of extensive collecting cam-
paigns in which hundreds of landrace materials were
collected in each country and conserved ex situ at
the INTA Experiment Station in Manfredi, Argentina.
Over the course of several years, the accessions from
each country were grown together in experimental
plots during successive cycles of agro-morphological
characterization, comparison, and botanical classifica-

Box 1

BOTANICAL

VARIETY MARKET TYPE

AREA OF
PREHISTORIC DISTRIBUTION

tion. The resulting monographs identified, described,
and categorized over 100 distinct and largely endemic
peanut landraces: 62 for Bolivia, 47 for Peru, and 51
for Ecuador, representing the first systematic classifica-
tions of peanut diversity at the landrace level.

These and similar, ongoing studies reveal a large
degree of endemism of peanut landraces among

the Andean countries. For example, among the 51
landraces known from Ecuador and the 47 from

Peru, only two are shared by both countries, despite
their extensive shared border. Similarly, the peanut
landraces from the State of Acre, Brazil, are entirely
distinct from the landraces of Peru and Bolivia, despite
the State of Acre sharing a border with both of those
countries. The observed combination of great diver-
sity with a high degree of endemism is a result of the
intense selection practiced in different environments
by diverse local cultures over the course of millennia
(Krapovickas et al. 2009, 2013; Williams 1992). More
basic work of this nature needs to be done in order to
fully document, characterize, conserve, and utilize the
rich spectrum of genetic diversity already present in
the peanut’s primary genepool.

Improved varieties

Compared to many other crops, the cultivated peanut
has a narrow genetic base, most likely the result of
its inability to easily exchange alleles with its wild
relatives. The genetic base is especially narrow in the

Infraspecific classification of Arachis hypogaea (after Stalker & Simpson 1995).

TYPICAL
CHARACTERISTICS

subspecies hypogaea

Virginia Bolivia
9 Amazonia
var. hypogaea
Bolivia
Runner .
Amazonia
Peruvian runner

var. hirsuta Dragon type

Guatemala, Mexico

subspecies fastigiata

var. fastigiata Valencia

var. vulgaris Spanish
var. peruviana

var. aequatoriana Ecuador

Peru, Ecuador, Colombia

Brazil, Paraguay, Uruguay, Peru

Brazil, Paraguay, Uruguay

Peru, NW Bolivia, W Brazil

No flowers on mainstem

Alternating pairs of floral axes on branches
Prostrate habit Long indeterminate cycle
Pods 2-seeded  Seeds with long dormancy

Plants more upright, less hairy
Pods large, reticulated, 2-seeded

Plants prostrate, less hairy, long branches
Pods smaller, 2-seeded

Plants prostrate, much branched, very hairy
Pods with beaks, humps, sharp reticulation
2-3-seeded  Purple or whitish seeds

Flowers on mainstem and lateral branches
Sequential flowering

Plants upright ~ Short determinate cycle
Seeds with little or no dormancy

Plants erect, less branched
Pods fairly smooth and straight, 3-4-seeded

Plants upright, compact, densely branched
Short cycle. Pods small, with constriction
2-seeded, small seeds

Plants erect, glabrous, sparsely branched
Long, strong reproductive branches

Pods deeply reticulated w/longitudinal ribs
3-4 seeded

Plants erect, leaflets hairy
Purple stems; more branched, purple flowers
Pods deeply reticulated, 3-5 colorful seeds
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case of commercial cultivars, many of which trace their
ancestry back to just a few parent lines. Currently, the
vast majority of peanuts entering the world market
are produced by a few cultivars, which puts the crop
at risk to new pests and diseases that may arise in the
future (Barkley et al. 2016).

Major peanut pests and diseases, such as to Sclerotinia
blight, Root-Knot Nematode, and Tomato Spotted
Wilt Virus (TSWV) caused serious losses to commer-
cial farmers until resistant varieties were developed
using genetic resources conserved in genebanks. For
example, a single peanut accession collected at a
southern Brazilian market in 1952 - prior to the germ-
plasm access restrictions now imposed - was found

to have resistance to TSWV and was used to produce
resistant runner cultivars (Barkley et al. 2016). Isleib

et al. (2001) estimated that the economic impact to
the US peanut industry of this single accession alone is
about $200 million annually.

An emerging new threat to global peanut production
is the peanut smut disease (Thecaphora frezii). This
disease has already spread throughout Argentina’s
peanut producing area, where current cultivars are
highly susceptible, suffering up to 35-51% losses in
yield (Rago et al. 2017, Wann et al. 2020). Resistance to
peanut smut was detected in some old landraces from
Bolivia and has been successfully transferred into elite
varieties (Bresano et al. 2019). Fortunately, all of the
wild diploid Arachis species tested so far are almost
immune to the disease. Through the development of
an artificial amphidiploid involving three wild species
(A. correntina, A. cardenasii and A. batizocoi, their
smut resistance can be transferred to elite varieties (de
Blas et al. 2019). The first smut-resistant commercial
cultivar was recently registered, and a few more are
currently under development (G. Seijo pers. comm.).

Box 2. Genepools of Arachis hypogaea
Primary genepool (GP1)

Genepools of Arachis hypogaea’

Adhering to the genepool concept as envisaged

by Harlan & de Wet (1971), the concentric primary,
secondary, and tertiary genepools of the cultivated
peanut (Arachis hypogaea) can be delimited as shown
in Box 2.

The Peanut Diversity Tree

A diversity tree is a stratification of a genepool into
groups and subgroups. The concept originated in a
paper published by van Treuren et al. (2009) proposing
a way to analyze and plan the composition of gene-
bank collections. The Crop Trust has adapted this idea
to visualize and understand the coverage of a crop
genepool in ex situ conservation. By quantifying the
accessions corresponding to each group in a Diversity
Tree, one can evaluate a given crop collection for rela-
tive completeness, representativeness and uniqueness.
The approach is also useful for identifying gaps in
germplasm collections, and can facilitate the prior-
itization of those gaps in terms of their taxonomic
identity, genetic affinity, or ecogeographic distribu-
tion. A Peanut Diversity Tree has been developed

and provides an interactive graphic display of all the
component taxa of the peanut genepool, the putative
phylogenetic relationships between them, and their

"This genepool structure corresponds to A. hypogaea (Sect.
Arachis) as the focal crop. The composition of genepools
would be entirely different were we to take, for example,
the relict cultigen A. villosulicarpa (Sect. Extranervosae), or
the commercially cultivated forage peanut A. pintoi (Sect.
Caulorrhizae), as the focal crop for genepool definition.
Because those species each pertain to different sections of
the genus from one another and from A. hypogaea, their
respective genepools are consequently composed of entirely
different sets of Arachis species, reflecting in each case
those most closely related to the focal crop in question.

e The cultigen, Arachis hypogaea, including all its subspecies, botanical varieties, landraces, obsolete

and modern improved cultivars, and breeding lines.

® Arachis monticola Krapov. & Rigoni

e Artificially induced allotetraploids/amphidiploids that are cross-compatible with A. hypogaea

(AABB genome)

Secondary genepool (GP2)

¢ Wild diploid species in the section Arachis identified as either AA or BB genome that are cross-compatible

with A. hypogaea:

o AA genome: Arachis duranensis, A. cardenasii, A. correntina, A. diogoi, A. helodes, A. herzogii,
A. kempff-mercadoi, A. kuhlmannii, A. linearifolia, A. microsperma, A. schininii, A. simpsonii,

A. stenosperma, A. villosa

o BB genome: Arachis ipaénsis, A. gregoryi, A. magna, A. valida, A. williamsii, A. trinitensis

Tertiary genepool (GP3)
¢ All other species in the genus Arachis (D, F, G, and K genomes)
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3 EX SITU CONSERVATION - CURRENT STATUS

3.1 Introduction

Peanut germplasm is conserved and maintained in

a number of ex situ collections around the world.

The Second Report on State of the World’s Plant
Genetic Resources (FAO 2010) related a global total
of 128,435 Arachis germplasm accessions as reported
by 145 nations in their individual Country Reports.
More recent data gleaned from the WIEWS, Genesys,
and GRIN-Global databases, together with responses
to the online survey, indicate a current global aggre-
gate of over 90,000 accessions of peanut germplasm
presently conserved in genebanks (Tables 3.1 and 3.3).
The aggregate numbers reported in Tables 3.1 and 3.3
reflect a high degree of duplication of accessions that
currently exists across genebanks.

Historically, there has been much sharing, exchange,
and duplication of peanut germplasm among gene-
banks. For example, the large global Arachis collec-
tion maintained by ICRISAT reflects their longstanding
collaboration and participation in the historic col-
lecting efforts of EMBRAPA, USDA, NCSU, TAMU,
IBONE and INTA, and the sharing of collected mate-
rials. This resulted in the duplication of thousands of
accessions across these institutions, much of which has
been well documented (Stalker et al. 2002). On the
other hand, extensive movement of other germplasm
among these and other Arachis collections, combined
with the prevalence of independent, inconsistent or
incomplete record-keeping by different genebanks,
makes it difficult, if not impossible, to precisely
determine the degree of redundant (i.e., non-security)
duplication of accessions — both within and among

genebanks. By the same token, it is equally difficult
to determine with any precision the amount of truly
unique accessions being conserved at the global level.
This topic is taken up in greater detail in Section 5 of
this report.

The methods of choice for ex situ conservation of
peanut genetic resources are storing germplasm acces-
sions in the form of seeds in cold storage and/or as
whole plants in greenhouses. These ex situ collections
are maintained - at no small expense — to prevent the
extinction of natural plant populations, and to have

a collection of diverse materials on hand for breeding
and other research purposes. Conservation of a crop’s
genetic diversity in genebanks provides a library of
different traits that can be used in countless combina-
tions to produce improved varieties. Genebanks play

a number of vitally important roles beyond simply
storing germplasm, ensuring its genetic integrity, and
providing samples for breeding and research activities.
Genebanks also compile and curate the invaluable
passport, characterization, evaluation, and other
relevant information specifically associated with each
germplasm accession.

While the seed of the cultivated peanut is not as
long-lived as the seeds of many other crops, it is

still regarded as orthodox in terms of its capacity to
remain viable for extended periods under cold and
dry storage conditions. Under optimum conditions of
temperature and humidity, a peanut seed accession
can be expected to retain good viability (>85%) for
10-15 years or more.
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In contrast to the cultivated peanut, the ex situ conser-
vation of wild Arachis accessions is exceptionally labor-
and resource-intensive, and can be operationally
challenging for several reasons. Seeds obtained from
collecting missions or from other genebanks are often
received in limited quantities, and need to be substan-
tially increased for storage, characterization and dis-
tribution purposes. Most wild Arachis species produce
few seeds, which typically have a very high degree of
dormancy that must somehow be overcome before
they will germinate. And because wild Arachis species
occur in many different, highly specialized habitats

in their tropical countries of origin, it can be difficult
to get the plants to germinate, grow, flower and set
seed in a temperate latitude on a different continent.
For these reasons, as well as conserving them as seed,
many wild Arachis accessions also need to be perma-
nently maintained in greenhouses as whole plants,
and some need to be propagated vegetatively due

to poor or nonexistent seed-set (Stalker and Simpson
1995). The various means of storage employed for
wild Arachis accessions by the genebanks surveyed are
shown in Table 3.1.

One of the biggest challenges of maintaining ex situ
germplasm collections is having a steady source of
adequate funding (labor, supplies, infrastructure,
etc.) to support the routine operations required

for the maintenance, monitoring and evaluation of

the germplasm collection. Ensuring the necessary
financial and institutional resources to maintain a
germplasm collection is a permanent commitment
that represents a constant challenge for even the
largest genebanks. Many institutions—and indeed
nations—are unable to sustain a fully functioning
genebank over the long term. Any sudden inter-
ruption of funding, staffing or electrical power can
quickly result in the permanent loss of an entire
collection and any unique genetic diversity con-
tained therein—a tragic loss that, unfortunately, is
an all-too-common occurrence around the world. To
avoid such irreparable loss of investment and genetic
resources, having back-up safety duplicates deposited
in another genebank is imperative.

One of the limitations of conserving germplasm acces-
sions ex situ is that the small sample size and infre-
quent reproductive cycles inhibit the plant’s natural
evolutionary processes such as gene flow, adaptation
to pests, diseases and climate change, and the pres-
ervation of within-population genetic diversity. As

a result, prolonged ex situ conservation can result

in unwanted genetic drift of the conserved material
over time. For these reasons, the integration of ex situ
seed storage methods with some aspect of in situ or
on-farm conservation activities is recommended where
and when possible. The adoption of complementary
in situlex situ conservation approaches helps ensure

Table 3.1 Accessions of wild Arachis species conserved ex situ as reported by genebanks responding to the online survey, and the

conservation methods used.

Number of Number of Mean Mean Mean
INSTCODE Wild Arachis Wild Arachis Accessions in Cold Accessions in Accessions in
Accessions Species Storage (%) Greenhouse (%) Field Plots (%)

BRA0O2 1,559 84 69 31 0
USA520 954 76 75 71 0
USA317 600 59 97 8 0
USA016 559 65 100 12 0
IND0O02 480 47 - - -
ARG1133 260 57 77 78 2
CHNO03 234 37 100 100 0
COL003 158 29 88 12 0
PRY027 109 12 35 100 0
ARG1211 106 29 97 0 100
INDO25 97 43 100 0 0
INDOO1 81 16 100 0 0
AUS167 46 11 100 0 0
SEN002 16 9 100 0 0
TWNOO1 8 1 86 0 0
BOL316 1 1 100 0 0
URY003 3 1 - - -
TOTAL 5,271 accessions of wild Arachis species held in surveyed collections
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Arachis glabrata
Arachis pintoi
unknown spp.

Arachis duranensis
species hybrids
Arachis stenosperma
Arachis veigae
Arachis paraguariensis
Arachis pusilla
Arachis kuhlmannii
Arachis burchellii
Arachis prostrata
Arachis dardani
Arachis cardenasii
Arachis matiensis
Arachis correntina
Arachis repens
Arachis villosa
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Figure 3.1 Number of wild Arachis accessions conserved ex situ, sorted by species in decreasing order of abundance. Accession totals were
obtained by summing the accessions reported by the 24 organizations responding to the survey.
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the preservation of the highest possible amount of
genetic variability (Section 4).

3.2 Core collections

When a germplasm collection grows large, it can
become an overwhelming task to evaluate it in its
entirety for traits of interest. The idea of developing
a “core” collection, or subset of accessions that are
representative of the overall scope of genetic diver-
sity contained in the full collection, was proposed by
Frankel (1984). Initially a source of much discussion
and some dispute, the theory and methodologies for
extracting a representative subset—typically around
10% of the total accessions—have advanced signifi-
cantly since then, and the utility of using core collec-
tions to facilitate access to desirable traits in large
collections has been amply demonstrated. Today, the
development and use of core collections (also called
core subsets) has become standard practice for large
germplasm collections. Three of the world’s largest
Arachis genebanks (ICRISAT, USDA, and OCRI-CAAS)
have established and evaluated their own core col-
lection, each using somewhat different approaches,
described below.

A core collection of the USDA peanut collection was
developed by stratifying the collection by country of
origin, and these were then subdivided into groups
using multivariate analysis of morphological traits. A
random sample of 10% was then selected from each
of these groups to form the core collection. An exam-
ination of the means and ranges of key morphological
traits indicated that the resulting core collection is
representative of the diversity present in the entire
collection (Holbrook et al. 1993).

To develop ICRISAT's core collection, the entire peanut
collection of 14,310 accessions was first stratified by
botanical variety within subspecies, and then stratified
by country of origin. Accessions of the same botanical
variety from small and adjacent countries with similar
agro-climates were then grouped together, resulting
in 75 groups. The accessions within each group were
then clustered using multivariate morphological anal-
ysis, and approximately 10% of the accessions in each
cluster were randomly sampled to obtain the final
core collection of 1,704 accessions (Upadhyaya et al.
2003).

In China, a core collection based on 6,390 accessions in
the OCRI peanut collection was developed by Jiang et
al. (2008). The entire collection was first classified into
five main groups (botanical types), and then divided
into 258 variety clusters using morphological char-
acterization data. In each variety cluster, 5-10% was
sampled randomly, resulting in a total of 576 acces-
sions selected for the core collection, accounting for
9.01% of the entire collection. A comparison of the

diversity indices calculated within the botanical vari-
eties in the entire collection and in the core collection,
indicated that the diversity of the core collection well
represents that found in the entire collection (Jiang et
al. 2008; Barkley et al. 2016).

Based upon the proven utility of these core collec-
tions, Upadhyaya et al. (2002) followed the same logic
of representative subsets, to postulate the develop-
ment of “mini cores,” wherein approximately 10%
of the core collection (or 1% of entire collection) is
further subsampled to reduce the overall size of the
sub-set while still representing the breadth of diversity
present in the entire collection. This concept led to
the creation of mini cores for the peanut collections
at ICRISAT, OCRI-CAAS, and USDA, where they were
found to be even more manageable and amenable
especially for analyzing characters that are expensive
to measure. The mini cores developed at ICRISAT and
OCRI-CAAS were later compared with one another
(Jiang et al. 2008, 2010b), and with the USDA mini
core, producing interesting results from a global
genepool perspective in terms of the overall Arachis
diversity conserved, and its distribution between
these three large peanut collections. In this com-
parison, Jiang et al. (2014) noted that the Chinese
mini core did not include examples of the botanical
vars. peruviana or aequatoriana, but was abundant
in accessions of var. hirsuta, which is not present in
either the ICRISAT or USDA mini core collection. They
concluded that there are significant differences in
the proportions of botanical varieties and agro-mor-
phological traits between the Chinese and ICRISAT
peanut mini-cores, such that the Chinese and ICRISAT
collections are complementary to one another. Using
SSRs to measure differences in allelic richness between
the Chinese and USDA mini cores, they found higher
allelic diversity in the USDA mini core, likely a result
of greater representation of the different botanical
varieties in the USDA collection (Jiang et al. 2014).

3.3 Taxonomic and ecogeographic gaps
in the collections

3.3.1 Wild species

Wild Arachis species are valued for the broad range of
genetic variability that can contribute to the improve-
ment of the cultigen, A. hypogaea, as well as serving
as potential forage and cover crops. Much of the
genetic diversity present in wild species is contained
at the population level. Thanks to the intensive efforts
of plant explorers, the majority of known wild Arachis
species have germplasm conserved ex situ in two or
more genebanks around the world. However, a large
number of wild Arachis accessions remain uniden-
tified, and many species are represented by only a
single or very few original germplasm accessions,
which is clearly reflected in the number of accessions
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(including duplicates) currently conserved in gen-
ebanks (Figure 3.1). Furthermore, several of those
under-represented species are severely endangered or
believed to be extinct in their native habitat (Jarvis et
al. 2003). For that reason, collecting and conserving
additional populations of key Arachis species, par-
ticularly those in the section Arachis, are of priority
importance for the future of peanut improvement.
Moreover, many species from sections of the genus
pertaining to the crop’s tertiary genepool (e.g.,
Trierectoides, Heteranthae, Extranervosae and Erec-
toides) are also under-represented in ex situ germ-
plasm collections and their potential contributions

to peanut improvement, and/or use as forage, green
manure or groundcover crops, have yet to be ade-

farmers supports the belief that peanut landraces are
being lost at an increasing rate (Williams 1992, Loko
2020).

Gaps in the existing landrace collections are not only
taxonomic but also ecogeographic. As noted pre-
viously, high levels of endemism are characteristic

of peanut landraces (Krapovickas et al. 2009, 2013,
2021), meaning that unique diversity can be expected
wherever peanuts have been cultivated for a very long
time. A surprising amount of cultivated peanut diver-
sity has been recently discovered in Mexico and Gua-
temala, while other countries in the crop’s prehistoric
range (e.g., Colombia, Venezuela, Guyana, Suriname,
Belize, Honduras, Nicaragua, Costa Rica and Panama)

quately studied or evaluated.

3.3.2 Cultivated peanut (A. hypogaea)
A similar predicament exists with regard to
cultivated peanut landraces, which com-
prise the most genetically diverse part of
the crop’s (naturally occurring) primary
genepool (Isleib et al. 2001). While acces-
sions of unimproved peanut germplasm are
available for all six botanical varieties, the
results of our survey reveal that there are
many fewer representatives of the three
least-commercialized varieties, i.e., vars.
hirsuta, peruviana and aequatoriana (Fig-
ures 3.2, 3.3a, and 3.3b). The cultivation of
these botanical varieties remains restricted
to traditional farming communities in rural
areas of northern South America, Guatemala
and Mexico, and in the case of the var. hir-
suta, to remote areas of China, SE Asia and
Madagascar. Recent evidence indicates that
unimproved landraces of the var. peruviana
are also cultivated on various islands in
Oceania (K. Williams, personal communica-
tion; L. Guarino, personal communication).
The unique and potentially valuable genetic
diversity present in these three botanical
varieties is insufficiently described and

it remains largely overlooked in current
germplasm collections, genomic studies, and
breeding programs.

Like its wild counterparts, the cultivated
peanut’s primary genepool is similarly
endangered in areas of peanut diversity
where local landraces are undergoing
genetic erosion in situ. The frequent lack of
recorded info