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Executive Summary 
1. Introduction 
2. Outlook for food security towards 2050 

(1) The changing socio-economic environment 
(2)The natural resource base to 2050 – will there be enough land, water and genetic diversity to meet demands? 
(3) Potential for food security 

3. Prerequisites for global food security 
(1) Enhancing investment in sustainable agricultural production capacity and rural development 
(2) Promoting technology change and productivity growth 
(3) Trade, markets and support to farmers 

4. The risks and challenges 
(1) Hunger amidst adequate overall supplies 
(2) Climate Change 
(3) Biofuels 

5. Mobilizing political will and building institutions 
 

(2)The natural resource base to 2050 – 
will there be enough land, water and 
genetic diversity to meet demands? 

How to Feed the World in 2050 
 



VIR 

  

  
 
    

Disappearing biological diversity as a global problem of 
intensive agriculture     

     
     Agriculture is developing in all the world displaying the following 

trends:     
    - towards high productivity – thanks to the use of the latest models 

of modern equipment and machinery, plant protection techniques, 
and vast areas under monoculture;  

    - towards capital intensity – hired workers instead of farmers; 
    - towards energy intensity – strongly depends on fossil energy 

sources and irrigation. 
    - towards using a lesser number of highly productive breeds and 

varieties, partially genetically modified. 
     

 A way to genetic impoverishment? (1)  
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    A way to genetic impoverishment? (2) 
     

  - 15 species of cultivated plants supply 90% of the energy required by 
the world’s population to maintain life;  

  - rice and wheat supply 50% of such energy. 
 
  - Decrease in the diversity of crop varieties:   wheat - 90% 
                                                    rice - 70% 
                                                                               maize - 60%  
                                                            crops on the whole - 75%.  
 
  - Serious problems with plant diseases (quick dispersal) in 

combination with the development of resistance to pesticides. 
  - Vulnerability of agricultural crops due to their uniformity.    

  



VIR Loss of genetic diversity during crop domestication   
(Tanksley, McCouch, 1997) 

 

Just as the diversity of species we depend on is a small 
fraction of the species available to us, so is the 
genetic diversity with those species a small fraction 
of the genetic diversity actually present in them. The 
species we depend on have become more and more 
genetically uniform.  



VIR A shift of the paradigm in nature resource 
management 

The changing worldview strategy of the mankind 
declares the need for the world community to shift from 
unrationalized consumerism to the path of sustainable 
development. 

 
Sustainable development – is the development that 

meets the needs of the present without compromising 
the ability of future generations to meet their own 
needs (Agenda 21, Rio-de-Janeiro, 1992). 

 



VIR Ecologization of production:  
the opinion of FAO 

“…large-scale conversion of global 
agriculture to organic practices could not 

only eradicate world hunger and 
contribute to the health of human 

population but also improve the state of 
natural environments”. 

 
 

Organic Agriculture and Food Security,  
FAO Report, 6 May 2007  



VIR Ecologization of production:  
strategic trend 

In view of this, a majority of the world’s 
developed countries regard 

ecologization of agricultural and food 
production 

as a strategic trend to ensure food 
security.  
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           Sustainable development of the Russian 
Federation, high quality of life and health of its 
population, and national security can be ensured 
only on condition that natural systems are 
conserved and appropriate quality of 
environments is maintained.  

Ecological Doctrine of the Russian 
Federation (2002) 



VIR 
Food Security Doctrine of the Russian Federation (2010) 

Major parameters:  
 
grain – 95%, sugar – 80%,  
potato – 95%, vegetable oil – 80%. 
Food imports – US$ 45,000 million a year (36%)  



VIR 121 million 
hectares of 
croplands, 
while 32 
million 
hectares 
(25.6%) are 
not used 



VIR Geography of crop breeding centers (2016) 
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VIR Saturation of the Russian agricultural industry with 
crop varieties(14.02.2014 г.)  

Crops – 507 
  Varieties - 17862, 

Among these the number of foreign varieties – 2271 (14.1%), including: maize – 
56.1% , sunflower – 52.1%, sugar beet – 45.0%, potato – 34.9% 
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Economic 
efficiency 

Environmental 
security 

Social  
responsibility 

Organic 
agriculture 

Economic security Low investments 

Guaranteed food supply Ecosystem 
balance 

Sufficient amounts of products 
Higher cost of products 

Good working conditions 

High yield 
Minimal exposure to 

external inputs 
Optimal utilization of local  

resources 

Meeting local needs 
Age and gender 
balance among 
agricultural 
production workers 

Respect for local culture 

Good taste and quality 

Absence of chemical  
contaminants 

High soil fertility 
Preservation  

of clear water 
Conservation  
of biodiversity 

Improved conditions of animal 
husbandry 

Conservation of natural 
resources Safety of products 

Organic agriculture 
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VIR Agricultural biodiversity – what is it? 
        - why is it so important?  

 Agricultural biodiversity: 
  all components of biodiversity of relevance 

to food and agriculture as well as to the 
functioning of agro-ecosystems. 

 
  Genetic resources: 
  genetic material of cultivated and 

domesticated species and their wild 
equivalents. 

 
 
    



VIR Plant genetic resources 

GENETIC 
RESOURCES 

Sustainable development of the 
society:  
  Food products 
  Human health 
  Social stability 
  Agro-ecosystems 
  Natural environment 
  Local economic systems 

Global changes: 
  Economy 
  Demography 
  
Science/Technology 
 Climate 
  Biopolitics 
  Privatization 

Bioindustrial 
products: 
    Bioenergy 
    Pharmaceuticals 
    Cosmetics 
    GM crops 



VIR Main trends of adaptive breeding 

Adaptive  
breeding 

Pre-adaptive Phytocoenotic Reproductional 

Edaphic Rhizospheric Ecological 

Habitat-forming 

Symbiotic 

Mycorrhizal 

Bioenergetic 
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VIR Mobilization of the 
world varietal 

resources, wide 
utilization of the 

global varietal 
diversity as source 

material for breeding 
practice is a number 

one priority. 
 

N. I. VAVILOV 
(“Plant Resources on Earth and VIR’s 

Work Towards Their Utilization”, 1931 г.) 
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1. Species and genera that are genetically closely related 
are characterized by similar series of heritable variations 
with such regularity that knowing the series of forms within 
the limits of one species, we can predict the occurrence of 
parallel forms in other species and genera. The more 
closely related the species and Linneons in the general 
system, the more resemblance will there be in the series of 
variations.  
2. Whole families of plants in general are characterized by 
definite cycles of variability occurring through all genera 
and species making up the family. 

                                               (N.I. Vavilov, 1920) 
  



VIR Vavilov’s concept of the species 

Our familiarization with the vast diversity of crops 
and their relatives – a group of plants where the chaos 
of diversification seems endless and transitional forms 

are quite frequent – leads, on the contrary, to the 
conception of the species as naturally determined, 

actually existing and real complexes, mobile systems, 
which may encompass categories of various volumes 

and are connected in their historical development 
with the environment and the area of distribution.  

The species, as a notion, is needed  not only for 
convenience, but to perceive the true essence of the 

evolutionary process. 
                     (N. I. Vavilov, 1931). 



VIR Centers of Origin and Morphogenesis of 
cultivated plants (N.I.Vavilov, 1940) 
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VIR Structure of the contemporary 
categories of plant genetic resources 

Landraces and local varieties and populations. 
 
Modern breeding cultivars and hybrids of interest for breeders. 
 
Crop wild relatives (CWR). 
 
Weedy field populations. 
 
Rare botanical forms (mutants), genetic lines of various 
categories. 
 
Donors and genetic sources of economically valuable 
characters identified in the process of studying intraspecific 
and varietal diversity and/or obtained experimentally. 

 



VIR Modern algorithm of PGR mobilization consists 
of the following basic components: 

 

analysis and evaluation of the global plant genetic diversity in 
nature and in genebanks;  
 
systematic inventorying (revision) and evaluation of the genetic 
diversity held in the genebank;  
 
identification of “gaps” in the collections held in the genebank;  
 
systematic analysis of national breeding programmes, 
identification and prognostication of the needs of these 
programmes as regards genetic source materials;  
 
assessment of genetic erosion and genetic vulnerability in the 
collection accessions of staple crops and their wild relatives.  
 



VIR While making plans for collecting new genetic 
material, it is necessary to take into account: 

 
northing and desertification processes in Russia’s plant production 
industry;  
 
optimization and rational deployment of staple crops;  
 
modernization of the structure and deployment of plant breeding and 
seed production centres throughout Russia;  
 
global tendencies in the development of third-generation food 
technologies;  
 
genetic resources as new sources for bio- and chemical technologies 
(alternative  fuels, etc.);  
 
prospects and aftereffects of global climate changes.  
 



VIR The concept of crop genepools 

Harlan и de Wet (1971) offered a genepool-based hierarchy of 
categories for cultivated species. On the species’ level and higher, 
they identified three genepool categories: 
– Primary genepool (GP-1) consists of a cultivated species and 

those wild relatives that are easily crossed with it and freely 
exchange their genes. 

– Secondary genepool (GP-2) is a group of wild relatives which 
are able to cross with the cultivated species, but there are 
barriers hindering the exchange of genes. 

– Tertiary genepool (GP-3)  includes such species that can make 
crosses with the cultivated one only with the help of 
biotechnological tools. The exchange of genes becomes 
possible only through artificial transfer.  

– “Transgenetic” genepool (GP-4) comprises the super-generis 
(super-tribal) variability of plants and variability of non-
vegetative origin (V.G. Konarev, 1986, et al.) 
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M. daghestanica 

Genepools of Medicago ssp.  

M.  saxatilis 

M. cancellata 

M. papillosa 

M. prostrata 

M. sativa  
complex 

Tertiary  
genepool 

Secondary  
genepool 

Primary  
genepool 

“Transgenetic” 
genepool 



VIR    Methods of PGR search and 
collecting  

PGR search and  
collecting 

Information in genebanks and  
research institutuions 

Information  on genetic diversity  
distribution in nature 

Plant explorations and  
PGR collecting 

Receipt on request and  
exchange of PGR 

PGR multiplication and study Storage of PGR in a genebank 

Distribution of PGR to breeding  
centers and research intitutions 

Repeated plant explorations  
and collecting 

in situ  
conser- 
vation 

in situ  
conser- 
vation 



VIR The route of the international expedition collecting wild 
relatives of forage crops over the northwest of Russia  

(July-August 2013) 

Collected 584 samples of economically significant 
forage crops 
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454; 
47%

232; 
24%

102; 
11%

176; 
18%

Poaceae Fabaceae
Rosaceae Alliaceae

81; 
18%

102; 
22%

58; 
13%

65; 
14%

59; 
13%

91; 
20%

Allium Poa
Festuca Rosa
Vicia Lathyrus

Species-oriented structure of major 
CWR families (964) 

Species-oriented structure of major 
CWR genera (456) 

Crop wild relatives (CWR) in Russia 

1680 species, 208 genera, 62 families 
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Natural areas of CWR distribution 
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Areas of crop distribution 
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Areas of crop distribution 
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Genetic diversity of the world’s plant resources 
stored at the Vavilov Institute numbers 325660 
accessions representing 64 families, 376 genera and 
2169 species.  
Genetic diversity of vegetatively propagated 
perennial plants is maintained in field collections 
numbering 29611 accessions.  
VIR’s herbarium collection numbers 324610 
specimens. 
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Dynamics of the numbers in the VIR collections 
classified by staple crop groups 

 
                   

Crop groups 
Number of accessions 

2009 2010 2011 2012 2013 2014 
Wheat, triticale, Aegilops 51662 50568 51234 51580 52409 52658 

Rye, oat, barley 36509 36841 36885 36549 36581 36688 

Small-grain groat crops 48358 48309 48606 48529 48529 48529 

Perennial forage crops 30489 30963 31311 31366 31366 31366 

Grain legumes 45845 46141 45438 46317 46135 46344 

Oil and fibre crops 27471 27517 27680 27970 27970  28119 

Potato 9647 9239 8864 8692  8958  8604 

Vegetables 50138 50205 50088 49971 50019 50089 

Fruits and berries 23734 23558 23073 22750 22750 22750 

TOTAL: 323853 323341 323177 323724 324955 
 

325660 
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II. Sustainable utilization 
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Dynamics of germplasm dissemination from 

the VIR collections in 2009–2014  
 

No Crop 2009 2010 2011 2012 2013 2014 Total 
1 Breeding centres (new 

accessions) 
684 2909 2466 2330 840 2286 11515 

2 Breeding centres (sources) 1260 1703 2243 2413 1960 2446 12025 

3 Breeding centres (donors) 229 131 119 251 346 253 1329 

4 Breeding centres (collection) 3455 4806 4069 4877 4670 3070 24947 

5 Other research centres 6757 4787 5363 4148 3757 2255 27067 

6 North-West 
1835 1621 1006 1281 1160 

5444 

 
7 SUBTOTAL for Russia: 12385 16171 15881 15025 12854 11470 83786 

8 Foreign genebanks and 

research centres 
6741 2531 8225 7070 4202 2355 31124 

TOTAL: 19126 21913 24106 22095 17056 13825 



VIR In 2006-2014 VIR submitted 149 cultivars to the 
State Variety Testing Committee;  

 
        101 cultivars have been listed with the 
State Register of Breeding Achievements of 

the Russian Federation;  
 
        77 authorship certificates and 59 patents 

have been issued. 

  

 



VIR  Cultivars in the State register of breeding 
achievements (data valid for 03/02/2015)  

VIR CULTIVARS 

96 SPECIES 
476 VARIETIES 

TOTAL CULTIVARS IN 
RUSSIA 

507 SPECIES 
 

17 862 VARIETIES 
 

(2310 of them of foreign 
origin) 
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Fulfillment of the National Programme’s indicators  and threshold values of 

the Food Security Doctrine in 2014 
 

Fulfillment of the National Programme’s indicators  and threshold 
values of the Food Security Doctrine in 2014 

(specific weight of domestic raw materials in the total volume of 
marketable resources  including carry-over stock) 

 

Crops 

 104.9 million tons,  
110.4% of the indicator in the National Programme (95.0 

million tons); the Doctrine’s index was exceeded by 
3.9% (no less than 95%) 

 
32.7 million tones, 

90.1% of the indicator in the National Programme (36.31 
million tons); the Doctrine’s index for sugar was 

exceeded by 7.3% (no less than 80%) 
 

14.15 million tons, 
the Doctrine’s index for oil was exceeded by 4.4% 

(no less than 80%) 

39.4 thousand tons, 
72.0% of the indicator of the National Programme (54.7 million 

tons); 105.296 of the requirement for flax and hemp fiber according 
to the Strategy of Light Industry Development (37.43 thous. tons) 

 

Grain 

Sugar beet 

Oilseed 

Flax and hemp 
fiber 



Fulfillment of the threshold values of the Food Security Doctrine and  the estimated 
requirement for crop production output in 2014 

Fulfillment of the Doctrine’s threshold values in 2014 году 
(specific weight of domestic raw materials in the total volume 
of marketable resources  including carry-over stock) and the 

estimated requirement 

Crops 

Potato 

Vegetables and 
cucurbits 

Fruits and 
berries 

31.5 million tons, 
the Doctrine’s index was exceeded by 2.4% 

(no less than 95%) 
 

16.89 million tons, 
99.4% of the requirement (17.0 million 

tons) 
 

2.98 million tons, 
35% of the requirement (8.5 million 

tons) 
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 Thank  you for attention! 
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