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Abstract

Issuing specific recommendations on the in situ conservation of wild relatives
of cultivated plants (=crop wild relatives, CWR) in Russia is possible only on the
basis of preliminary comprehensive studies of their composition, structure and
features. N. I. Vavilov was the founder of comprehensive studies of cultivated
plant relatives. O. N. Korovina was the first to substantiate the basic principles
of conserving CWR diversity in their natural habitats, and to suggest choosing
the most suitable conservation measures, taking into account the data on the
distribution area of a taxon, the state of habitat condition, the state of the taxon
in nature, and human influence. The current phase of studying CWR diversity
and developing a domestic strategy for its conservation is associated with geo-
political changes in this country, and with the inclusion of research performed
at VIR on CWR diversity in situ conservation into large-scale international proj-
ects. The fundamental conditions for attributing a wild species to relatives of
cultivated plants are, first, taxonomic or evolutionary and genetic closeness to
a cultivated species, and second, the use of species in breeding, or the potential
introduction of a species into cultivation. The work on the compendium of wild
relatives of cultivated plants of Russia is still far from completion. As a result
of the inventory, a list of 1701 species of relatives of cultivated plants for food
and agriculture was compiled. The largest number of species (965) grows in the
European part of Russia. The Russian Caucasus ranks second in terms of CWR
richness (956 species), and the third in CWR numbers is the Russian Far East
(598 species). The 102 nature reserves included in the study contain 1363 CWR
species. The CWR diversity is most effectively conserved in the nature reserve
network of the Russian Far East and Eastern Siberia, and least of all in the na-
ture reserves of the Russian Caucasus, despite the significant concentration of
CWR species in this region.

Keywords: wild relatives of cultivated plants, crop wild relatives (CWR) of Rus-
sia, plant genetic resources (PGR), in situ conservation, Red Books, specially pro-
tected natural areas (SPNA).

Introduction

In recent decades, international experts have been more frequently making upset-
ting forecasts about unfavorable climate changes leading to reduced yields, on the
one hand, (Porter et al., 2014), and about the growing global population, on the
other hand (United Nations, 2019; World Development Report, 2008; Godfray et
al., 2010). At the same time, there continues the loss of diversity of plant genetic
resources suitable for food and agriculture, degradation of the environment and
reduction of land and water resources, as well as a significant decrease in the
ability of future generations to adapt to climate change, ensure food security and
economic development on Earth (FAO, 2011). The changing climate, growing
urbanization, the need for higher agricultural sustainability, and the need to pre-
serve plant genetic diversity and minimize genetic erosion — all of this requires
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increased attention to the conservation and use of plant
genetic resources for food and agriculture (FAO, 2011).
In this regard, the interest in studying the genetic di-
versity of wild relatives of cultivated plants (=crop wild
relatives, CWR) keeps growing. CWR are wild-growing
species that have different degrees of relationship to cul-
tivated plants of varying socio-economic significance as
food for humans, or feeds for animals, as medicinal and
industrial raw matter, as well as ornamental crops. Like
cultivated plants, they are an integral part of plant ge-
netic resources (PGR). CWR demonstrate a high level
of genetic diversity and potentially possess a number of
traits that can be used in breeding programs to increase
resistance of modern plant varieties to pathogens and
abiotic stresses, and to increase their yields as a result.

Though the recent decades (late 20" — early 21
centuries) witnessed the adoption of the Convention on
Biological Diversity (CBD, 1992) and a number of inter-
national agreements and treaties, such as the Global Plan
of Action for the Conservation and Sustainable Use of
Plant Genetic Resources for Food and Agriculture (1996),
the European Strategy for Plant Conservation (2001), the
Global Strategy for Plant Conservation (2002), the Inter-
national Treaty on Plant Genetic Resources for Food and
Agriculture (2001), the Second Global Plant Genetic Re-
sources Action Plan for Food and Agriculture (2011), still
the problem of conserving genetic diversity of wild rela-
tives of cultivated plants in most countries of the world,
as well as in Russia, remains an urgent one.

The history of the development in Russia
of the scientific foundations for the study
and conservation of the diversity of wild
relatives of cultivated plants

The first steps towards understanding the diversity of
domestic cultivated plants and their wild relatives were
made by a pleiad of talented Russian researchers who
laid the foundation of the Bureau for Applied Botany (at
present, the N. L. Vavilov All-Russian Institute of Plant Ge-
netic Resources (VIR)). In the times of Robert E.Regel,
employees of the Bureau began to explore the territory of
Russia, collect and study local varieties and useful wild
plants for applied purposes. Systematic large-scale studies
of the global wealth of cultivated plants and their relatives
were continued by the fundamental works of N.I. Vavilov
(1926, 1931) and his contemporaries E. N. Sinskaya (1928,
1969), P.M. Zhukovsky (1964, 1968, 1970), M. G.Popov
(1928-1929) and others. Since the attention of research-
ers was focused at that time on revealing the origin of the
global diversity of cultivated plants, the studies were first
of all concentrated on their closest relatives, which either
directly gave rise to one or another crop, or participated in
their origin. In his works, N.I. Vavilov did not give a spe-
cial definition of the wild relatives of cultivated plants, but

repeatedly used this term. From a brief comment given
by N.I. Vavilov regarding Hordeum spontaneum (1926), it
can be concluded that he regarded wild species related to
cultivated plants as the relatives of the latter, while dis-
tinguishing the immediate ancestors. N.I. Vavilov was the
founder of a comprehensive study of relatives of cultivat-
ed plants (1931). He strongly recommended inventorying
the vast range of the forms of wild relatives found in na-
ture and harnessing their gene pools in order to improve
cultivated forms and to create new varieties. According
to N.I. Vavilov, the study of wild relatives was the basis
for the in-depth cognition of the evolution of cultivated
plants. When analyzing the wild relatives of fruit trees
in the Asian part of the USSR and the Caucasus, Niko-
lai Vavilov drew attention to the fact that a study of wild
relatives should be carried out using the method of “dif-
ferential systematics”, and it is necessary to determine the
“diversity within the Linnaean species’, a “system” of spe-
cies, and also to identify “geographical locations of spe-
cies’ components”. N.I. Vavilov noted the laboriousness of
such work, which required “collecting many thousands of
samples of one and the same species”, both living forms,
and a “complete herbarium” (Vavilov, 1931).

Later on, P.M.Zhukovsky developed the ideas of
N.I. Vavilov on the role of wild relatives in improving the
existing diversity of cultivated plants, as well as in study-
ing their origin, and published the monograph Cultivated
Plants and Their Relatives (1964) which was reprinted
many times. He deepened the study of the centers of ori-
gin of cultivated plants, introduced the concept of “micro-
centers” of wild-growing species — the congeners (in the
author’s edition) of cultivated plants — and gave an over-
view of these narrowly endemic microcenters with a list of
102 species belonging to them (Zhukovsky, 1968, 1970).

In 1975, V.V.Nikitin and O.N.Bondarenko (Ko-
rovina) published a summary of wild relatives (“conge-
ners” in the authors’ edition) of cultivated plants entitled
Wild Relatives of Cultivated Plants and Their Distribution
in the USSR, which included 613 species growing in the
Soviet Union. This work became the starting point of a
new stage in the inventory and study of CWR in order
to enrich the initial material of cultivated plants with
valuable germplasm, to familiarize breeders with wild
relatives of cultivated plants growing within the USSR,
as well as to protect them in natural habitats as a valu-
able genetic source. The wild relatives (congeners) were
understood by the authors as the “species that sponta-
neously or with human assistance took part in the for-
mation of cultivated plant varieties” (p. 3, Nikitin and
Bondarenko, 1975). Their compendium included only
those types of CWR that deserved breeders’ attention.

Over the next decade, O.N.Korovina continued the
inventory of CWR diversity in the Soviet Union. In col-
laboration with D. D. Brezhnev, they published the mono-
graph Wild Relatives of Cultivated Plants of the USSR
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(1981), in which they gave a brief description of more
than 600 most important wild “congeners” of the cultivat-
ed plants growing in the USSR. It is especially important
that this work provides characteristics of not only CWR
species, but of subspecies as well. Almost a quarter of the
described taxa are endemics (100) or species that rarely
occur in this territory (60). Besides, the book indicated
the species growing in nature reserves that were listed or
proposed for inclusion in the Red Book of the USSR.

Later on, in the annotated list The Natural Genetic
Diversity of Wild Relatives of Cultivated Plants in the Flo-
ra of the USSR and its Protection (1986), O.N.Korovina
specified the notion of wild relatives of cultivated plants
as of the “species of natural flora that are evolutionarily
and genetically close to cultivated plants; the species uti-
lized by humans for the introduction, use in cultivation,
as well as in crosses in order to obtain more advanced
varieties” This publication provided a list of as many
as 763 species of wild relatives that occur in the former
USSR, of which 455 were growing in the Russian Federa-
tion. The author’s comparative analysis of the distribu-
tion of CWR species between the regions of the USSR
showed that the greatest variety of relatives of cultivated
plants grows in the Caucasus.

It was Olga N.Korovina who developed and sub-
stantiated for the first time the basic principles of CWR
diversity preservation (Nikitin and Bondarenko (Koro-
vina), 1973; Korovina, 1980a, 1980b, 1986). When study-
ing relatives of cultivated plants within the Central Asian
genetic center, she offered an original classification using
the notion of the “form of existence” (Korovina, 1984), ac-
cording to which CWR were subdivided into:

only wild-growing,

wild-growing and weedy;,

wild-growing and cultivated at the same time,

wild-growing, cultivated and feral,

wild-growing, cultivated and weedy,

wild-growing, cultivated, weedy and feral,

feral and cultivated,

weedy and cultivated,

weedy, cultivated and feral, and

weedy.

Although the proposed notion of the “form of ex-
istence of the wild relatives of cultivated plants” was not
entirely successful, the principle itself is very relevant.
Such an approach to the analysis of regional CWR diver-
sity allows one to distinguish the indigenous and adven-
tive plant groups that make up the overall diversity, and
to understand the functional role of CWR and the ways
of CWR diversity formation. O.N.Korovina paid great
attention to preserving the diversity of wild relatives of
cultivated plants in their natural habitats and suggested
choosing the most suitable conservation measures, taking
into account the data on the distribution area of a taxon,

the state of habitat condition, the state of the taxon in na-

ture, and human influence. In her opinion, it is necessary

to preserve not only the narrowly local species, but also
individual populations of the widespread species, as well
as to use different types of protection involving the Red

Book of the USSR and conservation in nature reserves,

protected areas, botanical gardens, at experiment stations,

and in genebanks. Thus, O.N.Korovina was the first in
this country to propose conservation of CWR diversity

both in situ and ex situ. Such an approach to CWR di-

versity conservation currently exists as a complemen-

tary ex situ/in situ conservation strategy (Maxted et al.,

1997, 2000; Smekalova, 2011). O.N.Korovina developed

a number of specific practical measures for the conserva-

tion of CWR species, which included:

— inventory and identification of the places with the
highest concentration of CWR species, especially in
the Vavilov centers of origin of cultivated plants;

— identification and inventory of populations of rare,
endemic and relict CWR taxa, whose distribution
area or the number of individuals in the distribu-
tion area are decreasing under the influence of vari-
ous factors (in pursuit of the aim of declaring these
populations natural monuments);

— making village councils and other organizations
responsible for the preservation of populations of
rare, endemic and relict CWR taxa identified in ru-
ral areas;

— CWRinventory in nature reserves and organization
of studies of their biological peculiarities, including
mapping, determination of abundance and living
status, as well as identification of the factors that
threaten safety of the species (Korovina, 1986).

Decades later, the recommendations and ideas of
Olga N.Korovina would be mastered and developed by
her followers in this country, as well as independently
formulated and proposed by foreign scientists (Maxted
etal., 2012).

The current stage of CWR diversity studies and de-
velopment of a national strategy for its preservation is
associated with geopolitical changes (the collapse of the
USSR, the transformation of the Russian Federation and
Union republics into independent states) and the inclu-
sion of the research carried out by VIR on the in situ
conservation of the CWR diversity into large interna-
tional projects (ECPGR).

European experience of developing
a unified action plan for CWR in situ
conservation

The creation of a unified theoretical and methodologi-
cal base for the conservation of plant genetic resources
in Europe began about 30 years ago when the European
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Cooperative Programme for Plant Genetic Resources
(ECPGR) was started in 1980. It was created following
recommendations from the United Nations Develop-
ment Program (UNDP), the Food and Agriculture Orga-
nization of the United Nations (FAO) and the Genebank
Committee of the European Association for Research on
Plant Breeding (EUCARPIA).

ECPGR is a joint program uniting most European
countries. It aims to assist national, subregional and re-
gional programs in Europe to rationally and effectively
conserve plant genetic resources for food and agricul-
ture ex situ and in situ, as well as to enhance their use.
This program issues recommendations on the develop-
ment of national strategies for CWR and landrace diver-
sity conservation. Particular emphasis is placed on such
aspects as:

(a) creation of national inventories;

(b) establishment of priorities for active conservation;

(c) comparison of taxonomic, ecogeographic, genetic
data and of the existing threats;

(d) in situ and ex situ gap analysis;

(f) development of recommendations for complemen-
tary in situ and ex situ conservation.

N.Maxted proposed the most universal model for
the conservation of genetic diversity of crop wild rela-
tives (Maxted et al., 1997). This particular model was
finalized in collaboration with representatives of Euro-
pean countries, including Russia, in the framework of
ECPGR (Maxted et al., 2008, 2009, 2012, 2013). It is used
in many countries for developing national programs for
the conservation of CWR and plant genetic resources in
general.

Methodological approaches to CWR in situ
conservation in Russia

In recent decades, the staff of the N.I. Vavilov All-
Russian Institute of Plant Genetic Resources (VIR) has
been conducting systematic studies of CWR diversity
with the aim of developing a unified national program
for its in situ conservation, which would take into ac-
count the natural and economic features of Russia
(Chukhina, 2001; Smekalova, 2008; Smekalova, 2011;
Smekalova and Chukhina, 2005, 2011; Nukhimovskaya
et al., 2005; Chukhina, 2007; Shipilina, 2016, 2017, 2018,
2019; Talovina and Aistova, 2017, 2018, 2019; Bagmet
and Taysumov, 2018). When developing the main stra-
tegic approaches to the in situ conservation of CWR ge-
netic diversity in Russia, the nearly 100-year experience
in studying the global diversity of cultivated plants and
their wild relatives, as well as the accumulated inter-
national experience, were taken into account. The pro-
posed strategy consists of the following interconnected
blocks:

— inventory of CWR diversity in Russia;

— selection of objects (taxa or populations) of priority
for conservation;

— selection of territories for in situ conservation;

— development of monitoring and management rec-
ommendations for various in situ conservation fa-
cilities.

All studies related to CWR in situ conservation
should be carried out in several mutually intersecting
domains, i.e. floristic — for studying CWR species di-
versity in regional floras and identifying within them
priority species for conservation; taxonomic — for
studying the genetic diversity of individual taxa (species,
genera, etc.) by different methods (eco-geographical,
morphological, anatomical, phylogenetic, biomolecu-
lar), identifying priorities for the conservation of species
within their distribution areas; geographic — for iden-
tifying places where the greatest CWR species diversity
is concentrated; populational — for studying inter- and
intra-population variability of individual species, identi-
tying populations with a unique set of genes or alleles, as
well as populations containing the highest percentage of
alleles. Thus, all in situ conservation objects can be rep-
resented at three levels, namely supraspecific (individual
communities, local floras, etc.), specific (individual spe-
cies throughout the entire distribution area), and popu-
lational (individual unique populations) (Chukhina,
2007).

An inventory of CWR diversity in Russia

The first step in any conservation effort is the perfor-
mance of an inventory of plant diversity. Initially, it is
necessary to decide what the notion of “wild relatives of
cultivated plants” implies. Many researchers share the
opinion that the fundamental conditions for attributing
a wild species to relatives of cultivated plants are, first,
taxonomic or evolutionary genetic closeness to a culti-
vated species, and second, the use of a species in breed-
ing, or the potential introduction of a species into culti-
vation (Korovina, 1986; Smekalova and Chukhina, 2005,
2011; Maxted et al., 2006; Conserving Plant ..., 2008).
Wild relatives of cultivated plants are population-species
systems of wild plants which have an obvious evolution-
ary and genetic relationship with cultivated plants. A
wild species can also be regarded as a wild relative in
the absence of cultivated species in the corresponding
genus if that species participated in the origin or evolu-
tion of particular cultivated species from other generic
complexes.

The closeness of relationship between a cultivated
species and its wild relatives can be estimated from the
perspective of the concept of gene pools (Harlan et Wet,
1971), or the concept of taxonomic groups (Maxted et
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al., 2006). The use of the gene pool concept is accept-
able in cases when the participation of genes of wild spe-
cies in the gene pool of varieties is obvious and the gene
pool can be easily determined. An approach based on
the taxonomic hierarchy is more accessible for practi-
cal purposes. N. Maxted proposed the concept of taxo-
nomic groups and identified four of them according to
the taxonomic relationship: 1 — crop and same species
as crop; 2 — same series or section as crop; 3 — same
subgenus as crop; 4 — same genus; 5 — same tribe but
different genus to crop (Maxted et al., 2006).

When inventorying CWR diversity in Russia, we
also adhered to the principle of systematic (taxonomic)
closeness of wild species to cultivated plants. The spe-
cies of natural flora that were evolutionarily and geneti-
cally close to cultivated plants and belonged to the same
genus (Smekalova and Chukhina, 2005) were attributed
to CWR. The priority at the current stage of inventory
were wild relatives of cultivated plants that were used
in domestic agriculture. First of all, these are the crops
that ensure food security for people (cereals, vegetables,
fruits, berries, etc.) and animal feeds (range and forage
crops, etc.). Secondly, these are industrial crops, which
serve as sources of vegetable oil, fiber, rubber, etc. At this
stage, CWR of forest, medicinal and ornamental crops
were not taken into account.

The first difficulty that we encountered at the begin-
ning of our work on compiling a compendium of wild
relatives of cultivated plants in Russia was the incom-
pleteness of the inventory of domestic flora. Currently,
there is no published Flora of Russia that would be simi-
lar to the once-published multi-volume monographic
Flora of the USSR. According to different authors, the
flora of Russia totals from 11,911 to 12,500 species and
subspecies (Geltman et al., 1998; Kamelin, 2002).

As a result of a reconnaissance inventory of the
entire CWR species diversity of Russia, a preliminary
list was compiled to include 1680 species belonging to
48 families and 170 genera (Smekalova and Chukhina,
2005). In addition to the scientific name, each species
was supplied with the information on the degree of re-
lationship with cultivated plants and the involvement of
its gene pool in breeding; on the distribution across Rus-
sia within five large geographic regions (i.e., European
Russia, the Russian Caucasus, Western Siberia, Eastern
Siberia, and the Far East); on the nature of use (food,
forage, industrial, medicinal, ornamental); on the pro-
tection status, namely, the inclusion of a species in the
Red List of the International Union for Conservation of
Nature (IUCN) and in the Red Book of the Russian Fed-
eration (the Red Book of Russia, 2008, had not yet been
published at that time).

The work on the compendium of CWR of Russia is
still far from completion. Ideally, it should provide not
only a list of taxa, but also information on the distribu-

tion area, ecological features, economic importance and
prospects of use, as well as possible and real threats to
diversity. Numerous published floristic descriptions and
keys to the floras of individual regions and administra-
tive units of Russia, as well as the latest large floristic
reports like the Flora of Siberia (1987-2003), Flora of
Eastern Europe (1974-2004), Vascular Plants of the So-
viet Far East (1985-1996), Flora of the Central Belt of the
European part of Russia (Mayevsky, 2014), Compendium
of Siberian Flora (2005), and the Compendium of the
Flora of Asian Russia (Malyshev et al., 2012). To clarify
the taxonomic composition, we used materials from the
largest herbarium collections of the V.L.Komarov Bo-
tanical Institute (LE), Moscow State University (MW),
Central Siberian Botanical Garden (NSK), Tomsk State
University (TK), Institute of Biology and Soil Science of
the Far East Branch of the Russian Academy of Sciences
(VBGI), N.I. Vavilov All-Russian Institute of Plant Ge-
netic Resources (WIR), as well as the results of personal
field surveys. The creation of the compendium is pre-
ceded by a thorough analysis of the species’ nomencla-
ture and taxonomy, when the scope, structure, priority
name and synonymy are verified. For verification of no-
menclature combinations, international databases like
International Plant Names Index (IPNI https://www.
ipni.org/), Plant List (http://www.theplantlist.org/),
Euro+Med PlantBase (http://www.emplantbase.org/
home.html) and Plantarium (https://www.plantarium.
ru/) were used.

All this information for each species is entered into
the database (DB) Wild Relatives of Cultivated Plants of
Russia (Informregister No. 0229905883). Such a DB is
a multifunctional tool for further CWR analysis. The
current version contains the nomenclature (scientific
and Russian names of taxa, including nomenclature
synonyms) and a basic description of CWR species that
grow in Russia. General characterization includes the
rank according to the degree of relationship with cul-
tivated plants, distribution pattern (general, and more
specific within Russia), most characteristic habitats, life
form type, ways of utilization, and conservation criteria.
The description of each species is illustrated by photo-
graphs of the plant taken in its natural environment, as
well as by a map of the distribution area. All the informa-
tion gathered in the information retrieval system (IRS)
is necessarily supplied by links to the literature used. To
facilitate the entry and formalization of the informa-
tion entered into the database, the IRS is equipped with
such reference sections as the “Administrative Division
of Russia’, “Nature Reserves”, “Habitat Characterization’,
“Life Forms”, “Conservation Criteria”, and “Soil Charac-
terization”. Currently, the database contains information
about 1701 CWR species from 49 families and 175 gen-
era. Analysis of the collected data showed that the fami-
lies most rich in CWR species are the Poaceae (491 spe-
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A species B species C  species
642 — 700 553 — 557
419 — 460 442 — 494
302 — 382 327 - 371 ?
224 — 299 232 — 1281
191 . 158 — 198

Fig. 1. Degree of knowledge on CWR diversity in administrative regions of Russia: A — Preliminary list of CWR composed; B — Inventory of CWR
diversity completed, recommendations on its conservation issued; C — CWR diversity not yet inventoried.

cies), Fabaceae (273), Rosaceae (177) and Amaryllida-
ceae (106). The maximum number of CWR is contained
by such genera as Allium (106 species), Poa (103), Fes-
tuca (82), Rosa (65), Vicia (61), and Lathyrus (62). From
the results of the CWR species analysis according to the
type of use, it follows that the undoubted leadership be-
longs to fodder plants with 398 species, followed by food
(fruits, berries and vegetables) — 346 species.
Geographic analysis showed that CWR species are
unevenly distributed across Russian regions. In floris-
tic terms, the territory of the European part of Russia is
very diverse and represents a conglomerate of floras of
different genesis, therefore, the largest number of CWR
species (868) grows in this territory. Most of them are
widespread within the Holarctic floristic kingdom (Ka-
melin, 2017). Concerning their distribution within Rus-
sia, 152 CWR species are limited only to its European
part, 18 of them being endemic to it (e.g., Agropyron

tanaiticumn Nevski, Agrostis korczaginii Senjan.-Korcz.,
Avena aemulans Nevski, Rosa microdenia Mironova,
Lotus zhegulensis Klokov, etc.), and 13 subendemic (Ag-
ropyron lavrenkoanum Prokudin, Agrostis salsa Korsh.,
Elymus uralensis (Nevski) Tzvel., Trifolium borystheni-
cum Gruner, Rosa grossheimii Chrshan., etc.). The Cau-
casus as a whole is one of the regions in Russia that is
most rich in species, of which 766 are CWR species. The
Russian Far East ranks third in terms of the number of
CWR species (606). The flora of the Russian Far East is
influenced by the East Asian center of speciation, there-
fore CWR diversity is very peculiar and contains a large
number of species (223) that grow only in this territory.
Eastern Siberia numbers at least 564 CWR species, while
the smallest number of CWR is concentrated in Western
Siberia (544).

Such geographic features of Russia as the large terri-
tory and location in several natural zones create another



BIOLOGICAL COMMUNICATIONS, vol. 65, issue 1, January-March, 2020 | https://doi.org/10.21638/spbu03.2020.104 47

problem in studying CWR diversity. Given the size of
this country and the difficulties of studying its entire flo-
ristic diversity, it was decided to continue inventorying
the CWR diversity of Russia in administrative regions,
territories and republics, and compose a complete an-
notated list of CWR of Russia by summarizing all the
obtained data. This way, the diversity of wild relatives
of cultivated plants has already been studied in detail in
the Northwestern Federal District (Shipilina, 2016), the
Vologda Province (Shipilina, 2018, 2019), the Republic
of Bashkiria (Miftakhova et al., 2014), the Chechen Re-
public (Bagmet and Taysumov, 2018), the Amur Prov-
ince (Talovina and Aistova, 2017), Primorsky Territory
(Talovina and Aistova, 2018), the Magadan Province
(Talovina and Aistova, 2019), Yakutia (Danilova et al,
2013), and the Kemerovo region (Kovrigina and Ro-
manova, 2017). The degree of knowledge on CWR di-
versity in administrative regions of Russia is presented
in a schematic map (Fig. 1).

An important stage in inventorying CWR diver-
sity is the study of their distribution areas. According to
R.V.Kamelin (2019), a distribution area of any species
is a total, integrated spatial display of all the biological
and ecological features inherent in a species that are re-
vealed during the life of a species in a changing envi-
ronment (both ecological and biotic) and, therefore, it
is a reflection of the species’ “stamina’, or its tolerance
(Kamelin, 2019). When working with wild relatives of
cultivated plants, the distribution area should be studied
thoroughly and consistently, starting with its modern
outline, historical conditionality, and ending up with the
character of localization of individual populations of the
species. Modern technologies (geographic information
systems, remote sensing methods) make it possible to
manage large volumes of cartographic information and
obtain relevant information on species distribution. In
the framework of the project Agroecological Atlas of Rus-
sia and Neighboring Countries: Economically Significant
Plants, Their Diseases, Pests and Weeds (Afonin et al.,
2008), we started creating electronic maps of CWR dis-
tribution areas in Russia. These maps are used to analyze
CWR distribution and ecology, to identify the places of
concentration of the greatest CWR species diversity, to
refine data on the priority taxa for conservation (nar-
rowly localized endemics, disjuncted distribution areas,
etc.) and to select places for the in situ conservation of
their genetic diversity.

Selection of priority CWR taxa for in situ
conservation in Russia

Obviously, it is impossible to effectively preserve the
entire CWR diversity throughout Russia, so priorities
should be identified. CWR species are unequal both in
terms of rarity and vulnerability in their habitats, and in

terms of the degree of demand by humans and economic

significance. We have developed criteria on the basis of

which priority CWR species can be selected for in situ
conservation. There are two such criteria: (A) relation-
ship and economic significance; and (B) rarity and vul-

nerability (Smekalova, 2011).

European researchers (Maxted et al., 2011; Fielder
et al., 2015) consider the criterion of economic signifi-
cance to be the most important, but as T.N. Smekalova
rightly observes, “... if we do not conserve a species to-
day, the future significance of its economic component
will be lost” (Smekalova, 2011, p. 64). To identify priority
species for conservation, we analyze each species from
the general CWR list according to both criteria, consist-
ing of separate indicators.

A. The criterion of relationship with cultivated spe-
cies and economic significance consists of such indica-
tors as:

— participation in the breeding process (existence of
varieties; use in hybridization, as donors of useful
traits, as rootstocks, etc.),

— the degree of use for economic purposes,

— systematic (taxonomic) closeness to the cultivated
species.

As a result of the analysis according to this crite-
rion, the revealed CWR diversity can be divided into five
groups:

1) The species is cultivated, contains varieties, and is
economically important (222 species).

2) The species participates in crosses and is used as a
rootstock or source of genes (72 species).

3) The species is promising for utilization; closely re-
lated to the cultivated species (within one section or
subgenus) (173 species).

4) Other useful species of the same genus (useful
plants), objects of plant hunting or folk breeding
(no varieties) (350 species).

5) All other species of the genus, the useful properties
of which are still little studied (884 species). Thus,
294 species that belong to the first two ranking
groups and are most actively used in breeding can
be considered priority species according to crite-
rion A.These results show that only slightly more
than 2% of the country’s phytodiversity is inten-
sively used in agricultural production in Russia.
The species from the third and fourth groups can be
potentially involved in economic activity.

B. The criterion of rarity and vulnerability. For
most CWR species, there is no real threat of extinction
in their habitats. However, some of them are included
in the Red Book of Russia (Varlygina et al., 2008) and
regional Red Books. Such species are subject to priority
conservation in situ. The narrowly localized endemics of
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different regions and, in some cases, relics of different
eras, as well as CWR species, which have a small part of
their distribution area in the territory of Russia, should
also be designated for priority CWR preservation.

Of the species listed in the Red Book of Russia, 49 are
wild relatives of cultivated plants: 0 (Possibly Extinct) —
Anthyllis kuzenevae Juz.; 1 (Endangered) — Festuca
bargusinensis Malyschev, Crambe cordifolia Stev., Vicia
hololasia Woronow, Vicia tsydenii Malyschev, Papaver
bracteatum Lindl.; 2 (Decreased in number) — Elytrigia
stipifolia (Czern. ex Nevski) Nevski, Psathyrostachys da-
ghestanica (Alexeenko) Nevski, P. rupestris (Alexeenko)
Nevski Secale kuprijanovii Grossh., Corylus colurna L.,
Crambe koktebelica (Junge) N.Busch, Lepidium mey-
eri Claus, Lonicera tolmatchevii Pojark., Cicer minutum
Boiss. et Hornem., Vavilovia formosa (Stev.) Fed., Thy-
mus pulchellus C. A.Mey., Rheum compactum L., Prinse-
pia sinensis (Oliv.) Bean; 3 (Rare) — Armeniaca mandsh-
urica (Maxim.) Skvortsov, Amygdalus pedunculata Pall.,
Juglans ailanthifolia Carr., Medicago cancellata Bieb.,
Lespedeza tomentosa (Thunb.) Maxim., Lathyrus venetus
(Mill.) Wohlf., Pistacia mutica Fisch. et C. A.Mey., Alli-
um gunibicum Miscz. ex Grossh., A. bellulum Prokh., etc.

The Red Books of the federal subjects of the Russian
Federation (only the Red Books that comply with regu-
latory legal acts were taken into account) list 534 CWR
species (31.4%). Most of the protected CWR species
have the “3-Rare” status, that is, they are characterized
by low abundance in nature, occur in a limited territory,
or are sporadically spread over large areas, and special
protective measures are necessary for their survival.
These species include:

— narrowly localized endemics;

— species with a significant distribution area, within
which they occur sporadically;

— species with a narrow ecological confinement asso-
ciated with specific growing conditions;

— species with a significant common distribution
area, but at the border of this area in Russia;

— species with a limited range, part of which is located
in Russia.

However, there is a small number of taxa that are
considered to have disappeared (0*) or probably disap-
peared (0), i.e. these are the previously known species
which have not been found in the last 25-50 years. For
example, these are Lotus angustissimus L. in the Republic
of Bashkortostan, Rumex sanguineus L., Avena aemulans
Nevski and Poa remota Forsell. in the Lipetsk Province,
Oxycoccus microcarpus Rupr. in Mordovia, Rubus hu-
milifolius C. A. Mey. in the Mari El Republic, and R. nes-
sensis W. Hall in the Udmurt Republic.

Special measures are required to preserve gene
pools of such CWR species as Avena aemulans and

A.volgensis (Vav.) Nevski, which are both specialized
weeds in cultivated plant crops (in particular, of Volga
emmer wheat) and the Volga endemics of Russia, which
are disappearing as emmer wheat disappears as a crop.
Gene pools of such CWR species should be preserved ex
situ and on farm.

When analyzing the diversity of wild relatives of
cultivated plants in the Northwestern Region of Russia,
L. Yu. Shipilina has developed a point system for select-
ing species that require priority in situ conservation and
inclusion in the CWR red list (2016, 2019). However, the
proposed technique has a number of weak points and
requires refinement.

As a result, the conducted studies yielded a prelimi-
nary list of 340 CWR priority species for in situ conser-
vation in Russia. The work is still underway, and the list
can be either extended or shortened.

Selection of conservation area

As noted above, an important methodological approach
for specifying the territories where priority species
should be preserved is the construction and analysis of
the distribution area maps using GIS technologies. By
overlapping the distribution area maps for the taxa of
priority for conservation, it becomes possible to iden-
tify locations of their maximum concentration, so-called
hotspots. By overlaying the distribution area maps and
soil-climatic maps of territories, it becomes possible to
identify the factors that limit the distribution of individ-
ual taxa and populations.

It is impossible to maintain all priority species
throughout the areas of natural distribution. The most
realistic approach is to preserve these species within
the existing network of specially protected natural areas
(SPNA). It was V.V.Nikitin and O.N.Korovina (1973,
1980a) who drew attention to the role of nature reserves
in the conservation of wild relatives of cultivated plants
for the first time.

Conservation of the diversity of wild
relatives of cultivated plants in specially
protected natural areas (SPNA) of Russia

Within the Russian Federation, 19,717 specially protect-
ed areas of federal, regional and local significance have
been organized. Based on the character of tasks, regime
and status, the protected areas are distinguished as state
nature reserves, including biosphere reserves; national
parks; natural parks; state nature sanctuaries; natural
monuments; arboreta and botanical gardens; and medi-
cal and recreational areas and resorts (http://oopt.aari.
ru/).

We have begun the work to identify CWR diversity
growing in state nature reserves. In 2005, the book Wild
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Table 1. Distribution of CWR species by regions and nature reserves of Russia

CWR species number European Russia Russian Caucasus Western Siberia Eastern Siberia Far East
In the region 868 766 544 564 606
In nature reserves (number, 561 387 286 391 496
and % of the regional) 64.6 % 50.5 % 52.6 % 69.3 % 81.8%

Relatives of Cultivated Plants in Russian Nature Reserves.
Cadastre. (Nukhimovskaya et al., 2005) was published,
which contains data on CWR growing in 93 nature re-
serves (out of the 100 that existed at the end of 2004).

The cadastre included CWR species of only the first
four ranking groups according to the degree of relation-
ship with cultivated species and to the economic sig-
nificance. Currently, 111 state nature reserves operate in
Russia. It was established that 102 nature reserves con-
tain 1363 CWR species from 148 genera and 39 fami-
lies, that is, 80.1 % of their total number. So far, floras of
the Crimean nature reserves (Kazantip, Karadag, Yalta
Mountain-Forest), as well as of several recently orga-
nized nature reserves, e.g., Vasyugansky, Vishersky, Ko-
logrivsky Forest, Lebyazhyi islands, Erzi, and Yugansky,
have not been analyzed. About 19.9 % of the total CWR
number (338 species) do not occur in any other reserve
in Russia (at least, they have not been found to date). The
species used in breeding (those from the first two rank-
ing groups) total 219 species in nature reserves (12.9 %
of the total CWR number). A total of 337 CWR species
(19.8 % of their total number) are protected in only one
of Russia’s nature reserves. A number of species have a
small part of their distribution area in Russia, for exam-
ple, Elytrigia elongata (Host) Nevski, Capparis herbaceae
Willd., Cornus mas L., Ficus carica L., Malus orientalis
Uglitzk., Mespilis germanica L., Pyrus salicifolia Pall.,
Trifolium fontanum Bobrov, Rheum tataricum L., Hor-
deum brachyanterum Nevski, Morus bombycis Koidz.,
therefore it is not surprising that they are registered in
the flora of only one nature reserve. The species with a
broad distribution area that occupy ruderal habitats or
are invasive in many regions of Russia (e.g., Lolium mul-
tiflorum Lam., Phalaris canariensis L., Eruca sativa Mill.,
Lepidium sativum L., Sinapis alba L.) are also present on
the floristic lists of individual nature reserves.

Some species, such as Actinidia giraldii Diels and
Prunus ussuriensis Koval. et Kostina, have an unclear
taxonomic status, as many authors do not consider them
independent species, which also leads to the situation
that they are registered in only one nature reserve. Most
CWR species have extensive distribution areas and are
found in many nature reserves, for example, Festuca ru-
bra L. occurs in 79 reserves, Elytrigia repens (L.) Nevski
in 76, Poa pratensis L. in 73, P.angustifolia L. and Bro-
mopsis inermis L. in 62, and Alopecurus pratetsis L. in 60.

CWR diversity is most effectively conserved in the
nature reserve network of the Russian Far East and East-
ern Siberia (81.8% and 69.3 %, respectively, relative to
the total CWR numbers in the region), and the least in
the reserves of the Russian Caucasus, despite the sig-
nificant concentration of CWR species in this region
(Table 1).

Six nature reserves of Russia contain the minimum
number (from 1 to 20) of CWR species, that is, 3 species
in Nurgush, 6 in Voroninsky, 7 in Daurskyi, 9 in Gydan-
sky, 13 in Bolshoy Arkticheskyi, and 15 in Ust-Lenskyi.
The nature reserves with the largest number of CWR
species are located in the Russian Caucasus, of Southern
Siberia, Primorsky Territory and the chernozem zone of
the European part of Russia (Fig. 2).

The Red Book of Russia (2008) includes 23 CWR
species growing in nature reserves: Allium pumilum
Vved., A.regelianum, Asparagus brachyphyllus Turcz.,
Elytrigia stipifolia, Festuca sommieri Litard., Secale ku-
prijanovii, Pistacia mutica, Corylus colurna, Crambe
koktebelica, Lonicera etrusca Santi, Lespedeza tomen-
tosa (Thunb.) Maxim., Medicago cancellata, Hypericum
montbretti Shach., Juglans ailanthifolia, Thymus cimici-
nus F.K.Blum ex Ledeb., Papaver lapponicum (Tolm.)
Nordh., P lisae N.Busch, Aconogonon amgense (V.Mi-
chaleva et Perfiljeva) Tzvelev, Rheum compactum, Arme-
niaca mandshurica, Prinsepia sinensis, Staphylea colchica
Stev., Viburnum wrightii Miq.

A total of 26 CWR species included in the Red Book
(2008) are not found within any of the nature reserves
of Russia. These are mainly the species of the Russian
Caucasus and the southeast of the European part of Rus-
sia, such as Allium grande, A. gunibicum, A. paradoxum,
Psathyrostachys daghestanica, P.rupestris, Crithmum
maritimum L., Crambe cordifolia, C.steveniana Rupr.,
Lepidium meyeri, Diospyros lotus, Cicer minutum, Lath-
yrus venetus, Vavilovia formosa, Vicia hololasia, Hysso-
pus cretaceus Dubj., Thymus pulchellus, Papaver bractea-
tum, Staphylea pinnata L. It can be assumed that the fate
of the species growing in protected areas will be more
prosperous than that of those beyond their boundaries.
The areas of CWR concentration outside nature reserves
can be considered as territories for the creation of micro-
reserves and used for establishing new or expanding the
existing protected areas. When developing principles for
the formation of a promising system of terrestrial fed-
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Fig. 2. Nature reserves with the largest number of CWR species.

eral specially protected areas in Russia, it was indicated
that one of the provisions for organizing such areas is
the presence of rare and unique plant communities with
a high concentration of wild relatives of cultivated plants
(Krever et al., 2009).

Conclusion

The study of the diversity of wild relatives of cultivated
plants of Russia is still far from completion. Only the
first phase of the inventory was carried out, which made
it possible to compile a checklist of CWR in Russia, reg-
ister their diversity within the state natural reserves and
prepare a preliminary list of priority CWR species for
conservation. Plant diversity has been analyzed in detail
in only 23 federal subjects of the Russian Federation, for
which recommendations concerning in situ conservation
at the regional level have been issued. The methodological
approaches of the currently developed domestic strategy

m Total species

for in situ conservation of CWR genetic diversity of Rus-
sia (Smekalova, 2011) regarding monitoring and man-
agement of various in situ conservation objects, are only
declarative in nature. Nevertheless, the relevance of such
studies is increasing with every year, since plant genetic
resources seriously affect the well-being of each country
and play a key role in ensuring not only food security, but
also economic prosperity. Conservation of agrobiodiver-
sity, a significant part of which are relatives of cultivated
plants, is outgrowing the frames of a scientific problem
and developing into a socio-economic, geopolitical, mor-
al and ethical one, and today affects all countries of the
world without exception (Alexanian, 2002). Many experts
have come to the opinion that plant genetic resources are
more important than arms for national security, and ac-
cording to CIA experts, conflicts on this issue will occur
more often (Weaver, 1987, cited from Alexanian, 2002),
therefore the problems of plant genetic resources conser-
vation should be tackled at the national level.
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