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Abstract—Problems of the conservation and use of plant resources in the context of climate change and socio-
economic challenges are considered. Particular attention is paid to the conservation of crop wild relatives and
traditional crop varieties as sources of genetic diversity, which had been lost by the modern gene pool of cul-
tivated plants first in the process of domestication and then during the introduction of intensive varieties into

production.

Keywords: genetic diversity, crop wild relatives, de novo domestication, landraces, climatic factors, food secu-
rity, next generation selection, traditional crop varieties, phenomics, digital crop rotation.

DOI: 10.1134/51019331620030089

Climate instability and, as a consequence, the
increased impact of biotic and abiotic factors on pro-
duction crops and valuable plant resources conserved
in their habitats, as well as the need to reduce the load
of chemical plant protection products on the environ-
ment and to provide the population with a sufficient
amount of diverse and high-quality foods require a
new strategy aimed at the coordinated functioning of
the entire chain from the conservation of plant genetic
resources and the construction of the genotypes of
future varieties to agricultural production and the stor-
age, transportation, and processing of agricultural
products.

Today, the sustainable development of agriculture
requires an integrated approach based on analysis of
place- and time-specific big data on soil and climatic
characteristics, crop productivity, crops under cultiva-
tion, and their diseases. Moreover, this information
should be correlated with the taxonomic and genetic
characteristics of plant varieties, soil microflora,
pathogenic flora, pests, and weeds, as well as with the
agricultural technologies applied. This will make it
possible to provide long- and medium-term forecast
scenarios important to choose a proper selection strat-
egy; apply mathematical modeling methods to design-
ing the genotypes of future varieties; select variety
diversity; and choose agricultural technologies of cul-
tivation and planning crop rotation, including digital,
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to ensure stable agricultural production in a particular
region of the Russian Federation. The collection of big
data itself will also require significant digitalization
and automation of valuation methods. It is closely
associated with the development of high-performance
phenotyping (phenomics) [1].

The potential shift of the borders of the cultivation
of southern crops northward opens up a favorable
prospect for expanding the range of cultivated plant
species in Russia, which can contribute to the socio-
economic development of rural areas through the pro-
duction of highly profitable new crops, as well as to the
development of crop production in the risk farming
zone to provide the population in these regions with
fresh and healthy foods.

However, the migration of southern crops to the
north will inevitably be accompanied by the move-
ment of pathogenic biota representatives in the same
direction, which one should bear in mind when pre-
paring and using forecast scenarios. In addition, recall
that the key to success in the “northering” of southern
crops is not only the increasing sum of positive tem-
peratures during the growing season and the softening
of conditions during dormancy but also adaptation to
changes in other abiotic factors, especially the length
of daylight hours. Representatives of the southern
flora are, as a rule, “short-day” plants, unadapted to
long photoperiod. Considering marker-assisted and
genomic selection and next-generation breeding tech-
nologies, for example, genetic editing [2], this prop-
erty can be used both to adapt southern crops to a long
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daytime and to limit the northward expansion of inva-
sive plant species.

Note also technological challenges, which, most
likely, will need consideration when new varieties are
permitted for production. In view of the high com-
plexity of controlling genetic changes introduced into
a plant’s genome using modern genetic editing tech-
nologies, it will be necessary to develop and imple-
ment specialized systems of intellectual analysis, fore-
casting, and identification of hidden “undesirable
entries” in the genome of varieties proposed for pro-
duction, as well as in the genome of the lineages con-
veyed to domestic breeding centers as part of technol-
ogy transfer.

Obviously, stable yields under changeable environ-
mental conditions will be based on the diversity,
including varietal, of cultivated crops. To all appear-
ances, the adaptive farming system developed at the
Luk’yanenko National Grain Center, implying the so-
called mosaic of varieties [3], will be widespread.

Until recently, the priority indicators evaluated
during state variety trials were production characters.
Today the situation is changing, and more attention is
being paid to quality. Important tasks will be to
improve the quality of consumer goods, primarily
bread, which is still produced using improvers [4], and
to create varieties for the production of specialized
foods—functional, children’s, sports, dietary, etc. [5].

Genetic resources are a tool that allows breeding to
meet the challenges associated with climate change,
the emergence of new pathogens, and the need to
increase the volume of agricultural products and
improve their quality. For example, the genetic diver-
sity of the world cultural flora, concentrated in the
oldest genetic bank of the planet, the Vavilov All-Rus-
sia Institute of Plant Genetic Resources, once made it
possible to expand significantly the areas of cultivation
of various crops, introduce new crops, and develop the
risk farming zone.

According to the Convention on Biological Diver-
sity [6], genetic resources are the genetic material of
plant, animal, microbial, or other origin of actual or
potential value that contains functional units of hered-
ity. Both living and preserved materials, for example,
herbarium samples, are meant.

Crop wild relatives (CWRs) and landraces (LRs,
traditional crop varieties of traditional cultivated
plants) are important components of plant genetic
resources. They are of strategic importance at the
national, regional, and international levels, primarily
for ensuring food security and environmental sustain-
ability in the 21st century. Crop wild relatives are pop-
ulation species systems of wild plants that are in evolu-
tionary genetic kinship with cultivated plants belong-
ing to the same genus [7, p. 3; 8]. The CWR gene pool
contains the diversity lost by cultural forms when pass-
ing through the “bottleneck” of domestication.
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Old local varieties of traditional crops are dynamic
populations of cultivated plants that can be identified
and, as a rule, have a local name, are devoid of formal
varietal improvement, are adapted to local conditions
in the cultivation area, and are associated with tradi-
tional agricultural systems [9]. Unlike CWRs, they are
used in private gardening, horticulture, and, less often,
agriculture.

Traditional crop varieties and landraces have useful
properties that can be used on a targeted basis to breed
varieties fit for changing environmental conditions
and market requirements. However, the conservation
of this biodiversity group was neglected and is now
ignored by most organizations working in the field of
environmental protection, as well as related to agricul-
ture. CWR and LR diversity is threatened by the mis-
management of the environment and the loss of
genetic diversity. While the crop wild relatives are
threatened by degradation and fragmentation of the
natural habitat, landraces suffered from replacement
with modern varieties and changes in land use prac-
tices—the spread of monocultures, the use of pesti-
cides, etc. Everything related to the study of the pro-
cesses of depletion of the gene pool of cultivated plants
and the problem of preserving traditional crop variet-
ies belongs to the category of new problems both in our
country and throughout the world. At the same time,
under the onslaught of commercial, genetically homo-
geneous varieties, the areas occupied by traditional
crop varieties are decreasing rapidly everywhere, and
many of them have disappeared forever. Local wars
and interethnic conflicts with subsequent humanitar-
ian aid from the world community in the form of new
breeding varieties also contribute to their disappear-
ance [10].

It was shown that during the selection process,
starting from the 1920—1930s, 14 unique alleles of the
grain storage protein genes have disappeared from the
gene pool of common wheat (Triticum aestivum L.) in
Italian varieties, five in Serbian, seven in Saratov, and
eight in the Krasnodar variety; 40 alleles have disap-
peared in winter varieties of the northern regions of
Russia. The genotype of Bezostaya-1 and its descen-
dants largely determines the gene pool of the Krasno-
dar, Serbian, and Italian varieties, and the genotypes
of Mironovskaya-808 and Saratovskaya-29, respec-
tively, of winter and spring varieties cultivated in the
central part of the country and in Siberia [11—13].
Thus, we can talk about the erosion of the gene pool of
common wheat and the loss of unique coadapted gene
complexes that have formed over time.

The historical and political features of the develop-
ment of our country radically affected the conserva-
tion of the gene pool of traditional crop varieties, lead-
ing to the loss of most domestic landraces in the places
of their formation, but many were preserved in the col-
lection of the Vavilov All-Russia Institute of Plant
Genetic Resources.
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The history of the study of the diversity of culti-
vated plants and their wild relatives in Russia covers
more than a century, starting from the fundamental
works of R.E. Regel’, N.I. Vavilov, and their followers.
At the first stages, the attention of researchers was
focused on elucidating the origin of the domestic and
global diversity of cultivated plants and studying their
closest relatives that had directly given rise to certain
crops or participated in their genesis. Vavilov believed
that in-depth knowledge of the evolution of cultivated
plants relied on the study of their wild relatives.

Vavilov noted the laboriousness of such work,
which requires collecting many thousand samples
from the same species—living forms and a complete
herbarium [14]. Why so many? In this case, the max-
imum diversity of each species is of interest, and the
most interesting may be not typical representatives
but rare ones with allelic variants of genes that are
valuable for selection. This is the specificity of col-
lections of plant genetic resources in contrast to col-
lections created with the aim of presenting taxo-
nomic diversity and preserving some typical samples
of each taxon. They are important for the process of
learning and popularization but cannot replace col-
lections of genetic resources—the basis for creating
future varieties.

Research on the inventory of the CWR diversity
was initiated by V.V. Nikitin and O.N. Bondarenko
(Korovina), who published the first summary on their
diversity in the Soviet Union [15]. Later Korovina laid
the foundations of methodological approaches and
developed some practical measures aimed at preserv-
ing the gene pool. She was the first in our country to
propose preserving the CWR diversity both in places
of their natural growth (in situ) and in collections
(exsitu) [16]. This approach is now presented as a
complementary ex situ/in situ conservation strategy
[8; 17, p. 126]. Ex situ includes collection of samples
and their transfer and storage outside the original hab-
itats of populations of a given species—in genetic
banks, collections of botanical gardens, and nurseries.
in situ means the conservation, regulation, and moni-
toring of populations of individual species in their nat-
ural habitats or where they have acquired their distinc-
tive characteristics. Conserving the gene pool of land-
races in their habitats at farmers’ places in traditional
agriculture, horticulture, or rural forestry systems—on
Jfarm conservation—involves the sustainable manage-
ment of the genetic diversity of local crop varieties and
related wild and weed species and forms [8].

Despite the fact that the strategy of conserving the
diversity of crop wild relatives and landraces has
regional differences and depends on natural condi-
tions, information on the modern diversity of plant
genetic resources for food production and agriculture,
financial and human resources, and the interest of
various government agencies and public organiza-
tions, it implies the adoption of a number of general
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measures aimed at preserving CWR and LR diversity.
They include the following:

* inventorying the CWR and LR diversity and pre-
paring national inventories;

» comparing the existing assessments of threats to
the CWR and LR gene pool;

* determining CWR and LR taxa that are of prior-
ity importance for conservation;

 taxonomic and ecological—geographical analysis
of priority CWRs and LRs;

» molecular genetic analysis of priority CWRs and
LRs;

* gap analysis—determining gaps within in situ
and ex situ preservation.

Today, associates of the Vavilov All-Russia Insti-
tute of Plant Genetic Resources continue to study the
diversity of crop wild relatives, aiming at creating a
unified national program for the conservation of their
gene pool in situ, which will take into account the nat-
ural and economic characteristics of Russia. Its provi-
sions will be based on the institute’s experience over
more than a century and on modern international
practices. The proposed strategy consists of several
interconnected blocks:

+ inventorying the diversity of Russia’s crop wild
relatives;

» choosing objects (taxa or populations) that are of
priority importance for conservation;

* choosing territories for in situ conservation;

* developing monitoring and management recom-
mendations for various objects of in situ conservation.

Our institute is inventorying crop wild relatives
used in the country’s agriculture, namely grain, vege-
table, fruit, and berry crops that ensure food security
and are used as food and feed, as well as industrial
plants—sources of vegetable oils, fibers, and rubber.
The preliminary list of the CWRs of agricultural crops
includes 1701 species from 49 families and 175 genera.
Most species belong to the families Poaceae (491 spe-
cies), Fabaceae (273), Rosaceae (177), and Alliaceae
(106). Most CWRs belong to the genera Allium L. (106
species), Poa L. (103), Festuca L. (82), Rosa L. (65),
and Lathyrus L. (62). Analysis of the CWR species by
type of use shows that the undoubted leaders are fod-
der plants with 398 species, followed by food (fruit,
berry, and vegetable) plants with 346 species.

Geographical analysis shows that the largest num-
ber of CWRs, 868 species, grows in the European part
of Russia, of which 152 species typical of our country
are limited only to its European part, and 18 are
endemic to this territory (Agropyron tanaiticum
Nevski, Agrostis korczaginii Senjan.-Korcz., Avena
aemulans Nevski, Rosa microdenia Mironova, Lotus
zhegulensis Klokov, etc.). In the Russian Caucasus, the
area richest in flora, there are 766 CWR species. Crop
wild relatives in the Russian Far East have their own
distinctive features: out of the 606 species, more than
Vol. 90
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Fig. 1. Knowledge on the diversity of crop wild relatives in Russia: (A) the diversity of CWRs was inventoried and recommenda-
tions for the conservation of their gene pool were given; (B) only a preliminary list of CWRs was compiled; (C) CWR diversity

was not inventoried.

a third (223) grow only there. Eastern Siberia has 564
CWR species. The smallest number of them are con-
centrated in Western Siberia (544). The review of the
gene pool of crop wild relatives of Russia is still far
from completion; the degree of its knowledge is pre-
sented on the schematic map (Fig. 1).

Analysis of the diversity of CWRs used in agricul-
tural production by the degree of participation in the
breeding process shows that 222 species are repre-
sented in a culture and another 72, as sources of genes
or as rootstocks. Thus, a little more than 2% of the
country’s phytogenofond is in agricultural produc-
tion. Modern genetic technologies [2] make it possible
to accelerate domestication (de novo) of wild relatives
[18, 19], which expands the possibilities to use CWRs
in practical breeding and greatly increases the value of
this gene pool.

Climate instability and new biotic and abiotic stress
factors in the habitats of CWRs are unfavorable for the
conservation of the gene pool. Continuous monitoring
of it and well-timed decision making on the transfer
from in situ to ex situ relative to endangered species are
still another element of the conservation of genetic
resources in Russia. A variety of ex situ conservation
methods [20] and duplication, for which the efforts of
the country’s research universities may be united
under the auspices of the national network collection
of genetic resources of cultivated plants and their wild
relatives, is a way to ensure the country’s food security
reliably.
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