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Prologue

Thisreport discusses the development and current status of the plant genetic resour ces
conservation and maintenance system in the former Soviet Union as of mid 1994. Information and
data wer e based on published and unpublished reports and documents available as of that time and
wer e supplemented by personal interviews and correspondence with numerous individuals
knowledgeable about various aspects of the Vavilov I nstitute program and about recent
developmentsin thefield of genetic resour ces conservation and maintenance.

Many activitiesrelated to this system and its present and proposed interrelationships with
international plant genetic resour ces activities ar e ongoing and situations change frequently. Thus
many questions either cannot be answered at thistime or the answers must necessarily be vague.
Thisreport, however, attemptsto pull together and summarize what is known at this particular
time. It attemptsto identify current problems, activities, and fruitful avenuesfor further
exploration and to emphasize the extreme importance of assistance to support the plant genetic
resour ces system of the former USSR.



Genetic Resour ces Conservation And Maintenance

In The Former Soviet Union

Introduction

Dueto outbreaks of pest or pathogens (such asthe southern corn leafblight outbreak), and to
environmental changes (such as ozone depletion or climate change), thereisa constant need to
develop new agricultural varietieswith higher resistance to diseases and better adaptation to
gpecific climatic conditions. Thusthe capacity of national agricultural research systemsto
respond to such circumstancesis dependent on the ability to draw on genetic materialsavailablein
breeder sworking collections, in national collections and in collections at the inter national
agricultural research ingtitutes. Thusit isnecessary to have accessto the widest possible
diverdity of germ plasm including varieties and their wild relatives.

For thousands of year s people have made selections of crops, replacing wild species with improved
typesthat contain increasingly narrow ranges of germ plasm. Wild species of crops may contain
genes with resistance to different harmful conditions, as many of them have to survive drought,
flood, hot or cold conditions on their own and only the fittest survivein nature, it has become
obviousthat the number of wild plantsand animals has been and continuesto decrease
dramatically. Thisiswhy systematic and widespread accessionsto the world ger mplasm banks
represent progressively greater value for mankind.

Thereisneed to mention the peculiarity of the inter pretation of biodiversity in agriculture. In
general biology theterm biodiversity istypically used to refer to the diversity of species. But in
agricultureit istraditionally used to refer to diversity within species - the diversity of varieties,
including various commer cial crops, their wild relatives and landraces (Evenson, 1994). Welivein
aworld wherefewer than 20 plant species produce 90 per cent of world'sfood supply (Buffet,
1994). However, dueto the significant improvement on breeding methods it has become possible
to use genetic diversity in other speciesin the same genus.

Recently the topic of the potential of world agricultureto provide sufficient food for a growing
world population isbeing questioned. According to G. Edward Schuh, the Dean of the Hubert H.
Humphrey Ingtitute of Public Affairsat the University of Minnesota, " the potential of the miracle
wheats and rices of Green Revolution fameisrapidly being exhausted, and nothingisin lineto
replacethem"” (Stuart, 1994). Other scholars have raised the question of whether growth in
demand, generated by population and income growth, will outpace growth in the world'sfood
supply (Brown, 1994; Miller, 1994).



During the last several yearsthe topic of genetic resour ces conser vation and maintenance has
become one of the most important issues on the agenda of international agricultural research
ingtitutions. A number of rules, protocols and agreements have been established related to the
owner ship and exchange of genetic resour ces (Barton and Siebeck, 1994). Significant attention is
being paid to the improvement of already existing systems of genetic resour ce conser vation and
maintenancein developed countries and to establishing systemsin developing countries. One of
the most noticeableisthe new relationship between the ger mplasm conservation ingtitutionsin the
West and those of the former Soviet Union.

Theformer USSR, which occupies one sixth of theworld'sland, has a lar ge diver sity of natural
resources. It also hasinherited from the past scientific world of Russia one of the lar gest plant
gene banksin theworld - the N. I. Vavilov I ngtitute of Plant Breeding with its unique collection.
However, one may notice that in spite of the development of this powerful potential, during the
Soviet era Russia changed from one of theworld's major grain exportersto anet importer. The
potential contribution of the Vavilov Institute, and mor e generally of the capacity of the Soviet
agricultural research system to contributeto agricultural production was substantially
underutilized. (Virginia Tech Leader ship Forum, 1991; Straussand Thompson, 1993).

With breakup of the communist system, the former USSR agricultural research system became
mor e open to the West. This openness makes possible a fuller contribution from that invaluable
genetic resour ce heritage to theinternational agricultural research community for the ultimate
benefit of theworld'sagriculture. Meanwhile, the former Soviet resear ch ingtitutions now have
access to technical and financial support from the West to moder nize their resear ch facilitiesand
technical abilitiesin accordance with current international standards. However, because of
current economic difficulties being faced by Russia and former member republics, thisvaluable
collection has experienced substantial deterioration. Unlessimmediate steps are taken to remedy
the situation irreplaceable plant genetic materials may belost.

The purposes of this paper areto describethe status of the genetic resour ce conser vation and
maintenance system of the USSR and constituent republicsprior to the breakup of the Soviet
system, and to char acterize the changesin the capacity of the system since the mid-1980s.

Special attention is paid to the current financial and physical constraints and or ganizational issues
that will have to be addressed if that genetic conservation and maintenance system isto
effectively serve the research and plant breeding needs of the successor states of the USSR and
wider cooperation with foreign nations.

Based on reports, articlesand missionsrelated to assistance to former USSR germplasm
conservation ingtitutes, it isclear that alot of sudy has already been done and, hopefully, from
action upon the recommendations of these and subsequent missions and investigations, through
mutual efforts and cooper ation, the germplasm resour ces on that part of the world will be better
maintained.



The Establishment Of Genetic Resour ces Conservation and
Maintenance System in the Former Soviet Union.

In Russia a plant gene bank was established around one hundred years ago under the authority of
the Bureau of Applied Botany. The Bureau was organized in 1894, in Petrograd (St. Peter sburg).
It started collecting seeds within Russia and neighboring regions (Caucasus, Asia). Thefirst paid
worker of the Bureau of Applied Botany, R. Regel, requested experimental institutions, schools
and individual landownersto send at least a quarter of pound (dightly over 100 grams) of the
seeds and spikes of barley they grew and to describe them using a special questionnaire. In
responseto thisinitial request 302 specimenswerereceived during thefirst year (Tablel). The
Bureau also purchased samples from Canada and Sweden. (Lenin All-Union Academy of
Agricultural Science, 1987).

Thedecisive factor in the establishment of the former Soviet Union agricultural research system
wasV. |. Lenin's podtive attitude towar d science. He emphasized the need for an organized
agricultural science system and the necessity for establishing an Agricultural Academy.

In 1924 the Bureau for Applied Botany was converted to the All-Union Ingtitute of Applied Botany
And New Cultures (it iscurrently called N. I. Vavilov Resear ch Ingtitute of Plant Industry). Some
yearslater the Lenin All-Union Academy Of Agricultural Scienceswas organized with N. Vavilov
asitsfirst Presdent (1929-1935). The Academy's principle goals wer e the improvement and
development of the crop, livestock, soil and other productive resourcesin the USSR; the
generalization of the advanced practicesin Soviet agriculture and the utilization of theworld's
experience; and the training of personnd qualified to carry out agricultural research. In addition
to the Ingtitute of Applied Botany and New Cultures, 10 other institutesincluding or ganizations for
economic survey and management wer e established throughout the Soviet Union.

By the end of 1920s Soviet Russia was a center of outstanding geneticsresearch. Thework of
Nikolai Ivanovich Vavilov iswell-known to world geneticists and agricultural scientistsfor both his
collection of plant specimens and his establishment of a network of research ingtitutions. Vavilov's
scientific contribution included the elaboration of a theory for collecting plants based on their
centresof origin and the utilization of genetic diversity in the breeding of agricultural crops. In
1921 he closdly studied the work of the USDA's Bureau of Plant I ntroduction, was familiar with
the history of world farming and the crop exploration work of theworld's botanists. He made
sever al expeditions across the Soviet Union and to neighboring countries, investigating many
varieties of crops. Vavilov emphasized the necessity for identifying the plant resour ces available
on each continent and in each region, to establish the basic rules gover ning the development of the
taxons of the plant kingdom, and stressed the importance of paying significant attention to the
agricultural value of each group.



During 1920's and 1930's he conducted lengthy expeditions throughout the USSR and in over fifty
countriesin Asia, North-Eastern Africa, Europe, the M editerranean and the Americas. This,
along with exchanges from other ingtitutions, resulted in the collection of 50,000 seed samples of
grainsand lentils, which provided the foundation for the establishment of modern gene banksin
the Soviet Union. Based on the studies of the variation of characteristicsin plants, Vavilov
discovered the law of homologous seriesin hereditary variation. His concept of species was used
for predicting the plant forms missing in a gene pool collection but occurring in natureor that can
be produced experimentally. He also paid great attention to the economic potential of germplasm
collections, particularly with regard to adaptation and disease resistance, and he emphasized
sampling the entire range of speciesin order to gather as much genetic diversity as possible
(Krivchenko, 1988).

The Structure Of TheN. I. Vavilov Ingtitute (VIR) AsAn
All-Union Plant Resear ch I ngtitute.

In 1930 the All-Union Ingtitute of Applied Botany and New Cropswasrenamed the N. |. Vavilov
Ingtitute of Plant Industry (VIR) with N. I. Vavilov asitsdirector (1921-1940). During the period
from 1921 to 1940 mor e than 180 collecting missions wer e organized all over theworld. Asa
result of those expeditionsthe existing collection (302) was expanded by more than 160,000
samplesof various agricultural cropsand their wild relatives. Thusthe plant breeding institutions
of the Soviet Union received the most valuableinitial material which then becamethe basisfor
developing over 500 varieties of new agricultural crops. Soon these varieties occupied onefifth of
all thecrop land of the USSR (Krivchenko, 1988).

It isgenerally believed that in 1988 the ger mplasm collection of VIR held morethan 330,000
samplesreating to 155 botanical families, 304 genera and 2,539 species (Krivchenko, 1988). [The
estimates of the number of specimensvary from 330,000 up to 375,000 which may be explained by
the absence of complete database and impreciseregistration]. The collection representsmore
than 10 percent of theworld's cultivated crops (Possehl, 1993) and is one of the largest of the 120
major gene banksin theworld (Table 2).

At the VIR there arethreetypes of collections where each accession is preserved: working,
duplicate, and base. The working collection is preserved at room temper ature and humidity. This
isused for breeding and resear ch purposes, aswell asfor educational ingtitutions. The duplicate
collections are preserved at the experiment stations. The seeds of these collection are
reproduced for renewing the working collection, aswell asfor replacing old accessonsin the
duplicate collections. The base collection isintended to be kept for along period (theoretically,
from 30to 100 years). The seedsarekept in a controlled environment, under special temperature
and humidity conditions (Kuban seed storage).



Today thelargest collection at VIR gene bank isthe collection of wheat and itswild relatives
(Aegilops). Started in 1907, a systematic collection of wheatswas carried out in over 70 countries
including the primary center for wheat species and their rare endangered relatives - western Asia
and Transcaucasus (Armenia, Azerbaijan, Georgia). Thiscollection representsthe widest array of
diversity for wheat. Among VIR's accessions of wheat and itswild relativesare initial materials
that may be used in the world for solving ailmost any imaginable breeding problem connected with
wheat varieties. Over 80 percent of the wheat varieties cultivated in Russia have been developed
on the basis of the VIR collection. This collection isused not only for the benefit of Russian
breeding programs, but for those of the inter national community aswell. Recently the Vavilov
Ingtitute provided the US collection in Aberdeen, Idaho, with several dozen old American varieties
that were missing from the U.S. collection. Those samples can be used as sour ces of resistance to
the Russian wheat aphid which has been damaging commercial wheat fieldsin the United States
during recent years (Merezhko, 1994).

The VIR hasalso played an important rolein collecting, preserving and studying potato
germplasm aswell. Numerous expeditionsto Central and South America, which are consdered to
be the centers of origin for potatoes, have been organized. In mid-1991, the collection housed
9,700 samplesfrom all over theworld (Budin, 1992). VIR scientistsidentified formswith high
pathogen and pest-resistance, and created high- and low-temperatur e tolerant varieties of potato.

Thetheoretical and practical basisfor the Institute's activitieswas worked out by N. I. Vavilov,
who determined its structure and working principles. Itsmain tasks and obj ectives wer e outlined
in the Statute of the All-Union I ngtitute of Applied Botany and New Crops adopted by Enactment
no.39 of the USSR Council of People's Commissaries (Vavilov Ingtitute, 1994). The objectives of
the I nstitute have been (and are):

@ collecting the world's plant resour ces,

2 preserving the collected material in aviable state,

3 studying the collected material,

4 supplying breeding center swith theinitial material for plant breeding,
) conducting theor etical and methodological research.

Asonemay notice, practical plant breeding isnot VIR'sdirect responsibility. The Institute
providesinitial material to breeding centers organized within the Soviet agricultural research
system especially for this purpose.

At present, thework with plant genetic diversity isregulated by the scientific program " Plant
Genetic Diversity" and the Ingtitute's Charter, and coordinated by " The Status of Global
Collections', " The Guiddinesfor the Work with the VIR'sWorld Collection" and the Resolution
of the Inter-Department Coordination Commission concer ning the status of the Instituteasa
Federal Scientific Centre.



Befor e the breakup of the Soviet Union the I nstitute consisted of 18 experiment stations (Figure
1), and 30 specialized departments and laboratories.

The experiment stations are spread from the polar region to the subtropics and from the Eur opean
part of the USSR to the Far East. Thismakesit possibleto study materials from various
countriesin conditionsthat resemble more or lessthe natural, indigenous conditions of those
plants. The collected materials are studied in two stages. field assessment and labor atory
assessment. In thefinal stage of study each of the collection accessions acquire an identification
document--passport, whereitsimportant biological characteristicsand peculiarities arerecorded.

Themajor unitsin the Vavilov Ingtitute are:
Department of Plant Introduction

The Department of Plant Introduction isresponsible for organizing exploration and collection of
plantsand for quarantinetesting of thereceived material. Thereare groupswithin this
department divided accor dingly to specific regions of the world: European, American, African,
Asian, and Oceanian countries. Thismakesthe expeditions and studies mor e systematic.
Materialsthat come from abroad passtheir quarantine testing at one of the seven introduction
guarantine nur series.

All the germplasm materials entering the Institute undergo registration in this department where
each accession acquiresits permanent introduction number in this process.

Departments of Plant Resour ces

From the Department of Plant Introduction the germplasm materials go to one of the nine
Departments of Plant Resources. These are organized on the basis of closely related crops, such
asthe Department of Wheat, the Department of Maize and Small Grains, the Department of
Fodder Crops, the Department of Industrial and Oil Crops, Department of Vegetablesand Melons
and others. In these departmentsresearcherscarry out comprehensive encyclopedic study of the
crops. AsN.l Vavilov would say, they study the crops on world-wide scalg, i.e., knowing the
characteristics and status of each crop in each place whereit is grown.

M ethodological Departments and L aboratories
In these laboratories mor e thor ough study is done using different biological methods and levels.
There are Departments and L abor atories of Biochemistry, Molecular Biology, Cell Engineering

and Tissue Culture, Plant Physiology, Genetic Cytology and Anatomy, and others. Asaresult of
these studiesthe original passport data, determined by the experts from the Department of Plant
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Resour ces, are expanded. Ultimately the donorsand bearersof particular traitsor of a complex
of them are selected here. Thisisnecessary for determining the potential of each accession in
agriculture and plant breeding.

The Special Seed Testing Laboratory and Storehouse

The Special Laboratory of Seed Testing testsacquisitionsfor seed germination and viability. In
the Seed Storehouse at the Kuban Experiment Station portions of seeds are kept for long-term
preservation. Alsothereareten experiment stationswithin the network of the Institute, located in
diver se climatic zones throughout the former USSR that are engaged in the preservation of fruits
and berries.

Long-term Seed Storagein the Former USSR

L ong-term seed storage assumes preservation of seedsfor 30to 100 years. The main factors
affecting the longevity of seeds are temperature and moisture content. The collectionsare
supposed to be kept under conditions of low relative seed moistur e (6-8 per cent) and at
subfreezing(-10 to -20 degrees C), or cryogenic (-150 to -195 degrees C) temper atur es (Committee
on Managing Global Genetic Resour ces, 1993).

TheN. I. Vavilov Ingtitute of Plant Industry isthe only seed repository in the former Soviet Union.
For almost 50 year sthe plant ger mplasm collection was preserved through frequent renewal and
harvesting. This method has not only carried much risk for genetic integrity of the plant, but was
also not economically effective. From 1946-1951 E. |. Yakusheva (VIR) conducted special
experimentsto find out the optimal conditionsfor long-term storage of various seeds. Asaresult,
it became obvious that seedsremained in better conditionsin sealed containerswith low-moisture
content. Hence, in 1969 the I nstitute or ganized contr olled-environment stor age of more than
120,000 duplicate samples from the VIR collection.

In 1976 a long-term seed storage facility for the VIR collection was built in the Kuban, Krasnodar
region, 600 miles south of St. Petersburg. Itisathree-story building, with storage underground.
There are 24 seed storage chambers on the two lower floors (12 on each). Chambersdiffer in size:
each may contain from 15-20,000 accessions. In total there are 220,000 plant varieties preserved
there at present (Strobel, 1993).

In termsof climatic conditions, the Krasnodar region was not a very convenient areato build such
astorage. In summer the temperature goes up to 30-40 degrees C (80-104 degreesF). For
minimizing the negative impact of warm air, the walls of two lower levels are protected from the
outsdewarm air by an earth embankment. In addition to that, the blocks of the 12 chamberson
thefirs floor areisolated from outer wallswith a through passage along the perimeter. However,
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the facility does not have freezing equipment.There are four cooling units. Accordingto US
gpecialists, who visited VIR in 1993, (USDA ARS, Beltsville, MD) only one fan wasworking. If it
wer e to become inoper ative, the whole preserved material therewould bein danger of spailing.
During the summer of 1994 the temperatur e inside the chambersranged from +3 to +5 degrees C.
Obvioudy thiswas not a satisfactory condition for long-term preservation. In St. Peter sburg
seeds are stored in even wor se conditions - under room temper ature and without air conditioning.

With the help of international funds, raised to improve conditions for maintaining genetic
resourcesin Russa, work has started to replace the old cooling unitsin Kuban with more modern
ones. Thisisexpected to lower temperaturein the storageroomsto -2 degrees C. In addition to
this 10 to 12 automatic climatic chambers are going to be installed. They will have temperature
from -10to -12 degrees C. They have capacity for 80,000 accessions.

Sampling Seed and Preparing it for Storage

It isimportant that the samples chosen for long-term storage be genetically representative of the
original population. During experiments conducted by Yakushevain 1946-1951 it was noticed that
samples of seed of the same variety but from different climatic zones have different seed
longevity in storage. Thisiswhy it isnecessary to obtain high quality seed from the most
favorable climatic zones (Zaitsev, 1990).

The size of accessions variesfrom 500 to 12,000, depending on seed species, 100-seed weight,
seed expense for control tests, and other factors deter mined by the International Seed Testers
Association. In caseswherethereisnot enough seed available, the accession is being multiplied
up to the necessary amount.

Seedsintended for long-term storage must be absolutely sound, without mechanical damage, and
with high viability and vigor. There are several techniques applied for drying seeds- forced-air
ventilation and chemical methods (silica gel). However, seed dehydration isa very prolonged
process and it may well cause a decrease in seed viability. The moisture content recommended
for long-term preservation in the State Storage at Kuban Experiment Station is 2 to 9 per cent
(Zaitsev, 1990). The American specialists, after their visitsto VIR, recommended that obtaining
drying equipment must beincluded in the priority list of the I nstitute's needs.

There are specific sanitation measuresfor accessions coming from abroad. They undergo
guarantine examination and fumigation. Although fumigation seemsto be essential for preventing
diseases and pests, until recently there have been no available data on long-term stor age of
fumigated seed. Therefore, to avoid risk, workers preserve non-fumigated seed. However,
recently, Bulgarian specialists discovered that storage of fumigated seed under sub-zero
temperaturesdid not affect its germination ability (Zaitsev, 1990).

Inthe VIR, for hermetically sealed storage of seed, wide-mouth glassbottlesareused. They are
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of different capacity: from 50 to 500 cubic centimeters. Complete hermetical sealing is secured by
an aluminum cap tightly pressed on a silicon stopper. Thereare varioustypes of containersfor
preserving seeds (bags of aluminum foil, plastic polytene, paper). One of the advantages of glass
bottlesisthat they aretransparent. It makes possibleto have visual control of seedsin storage
(Zaitsev, 1990).

Conservation of Genetic ResourcesIn Nature (In Situ)

Besides the gene banks (ex situ), genetic resour ces can be conserved in nature (in situ). The
institutions for nature conservation arerepresented as special protected areas, such asnature
reserves and national parks. Thesetwo methods (in situ and ex situ conservation) haveto
complement each other. Seed banksand field banks may be damaged because of natural
disastersand technical problems such aselectrical power cuts, fires, war or political problems (as
with some stations of the Vavilov Institute). The availability of in situ genetic resour ces may
enable replenishment of some such damaged resour ces.

Although real effortsin theworld at in situ conservation have been sow to emerge, 127 reserves
for the protection of wild relatives of crops have been established in the former Soviet Union
(Committee on Conserving Global Genetic Resources, 1993). Wild relatives of wheat and fruit
treesare maintained in the protected area of the Caucasus M ountains, between the Black Sea
and the Caspian Sea. In the Kopet Mountains, just north of the Iranian border, east of the
Cagpian Sea, the Soviet Union has established a reservefor wild pistachio, apricot and almond
trees, and for wild fodder grasses.

Another significant area isthe 23,868 hectare Sary-Chelek reservein Kyrgystan, near the
western China border, wherewild rélatives of various nut trees (especially walnuts) and fruit
(apples, pears, some prunus) and othersare preserved (Hoyt, 1992).

TheRussan Far East (RFE) territories of Khabarovsk and Primoryein particular-- an area larger
than California, Washington and Oregon combined-ar e approximately 75% forested (Gore-
Chernomyrdin working group, 1994). These tremendousresourcesare not only of great value as
timber reserves, but are a critical global resourceto buffer the effects of global climate change:
they take up vast amounts of carbon dioxide (carbon sink). It isaswell a valuable forest habitat
for several endanger ed speciesincluding 200 remaining Amur Tigers. The Sikotin-Alin Mountain
region is considered to be biologically the most diver seterrestrial region of Russia. However,
because of insufficient and weak management of natural resourcesin Russa, the existence of
these unique, endanger ed speciesisthreatened.

Thedraft of report for the Gore-Chernomyrdin working group indicates that with no reliable
sour ces of financing protected resour ces are collapsing. Habitat loss and poaching are serious
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problems. Very little has been doneto protect endanger ed species outside the formal reserves.
High rates of unemployment and low wages increase poaching and other anticonservation
encroachment in and around protected areas. Thefederal and regional agenciesthat manage
formal protected reserveslack funding to carry out even basic anti-poaching or anti-encroachment
activities. Nor arethey able even to collect, organize, and disseminate data to manage the
preserves and educate the public on the value of theresources. Long-term funding mechanisms
that areindependent of Russian gover nment budgets are lacking. In addition,thereisno financing
sourceto support habitat protection and restoration, biodiversity resear ch, and employment
generation for communities adjacent to protected areas.

Recently American plant explorersundertook a survey investigation of the Kazakhstan and
Kirgistan former Soviet republics. Theseregionsare known for their high quality fruitsand large
forests with wild fruit plants, which are very valuable germplasm for horticulture. However, the
explorersweretold that nearly 80 percent of the forests have disappeared during thelast 30
years, dueto human pressurein areas close to the major population centersor the capitals
(Diversity, 1994).

Changes I n The Capacity Of The Germplasm Conservation
and Maintenance System Since The Mid-1980s

After the collapse of the Soviet Union genetic resour ce conser vation and maintenance, both in
nature and off-site (in situ and ex situ), became disordered and disorganized. It suffered not only
from adver se economic conditions and lack of funds, but from political problems aswell.

After the disintegration of the Union, six experiment stations of the Vavilov I nstitute came under
the control of the newly emerged independent republics: Ukraine, Turkmenistan, Kazakhstan,
Uzbekistan and Georgia (Figure 1). Facing more basic social and structural problems, and having
critical financial difficulties, the new governments gave little attention to agricultural research.
The state budget allocationsfor all sciences were greatly reduced.

Seed multiplication and hybrid testing at the tations, situated in theterritory of these republics,
werevirtually stopped and new projectswere started " in linewith national interests'. Thus, 25
per cent of the entire Vavilov collection is" in danger of going stale” (Possehl, 1993). Recently
VIR hassigned an agreement with the Uzbek Resear ch Institute of Plant Industry (the former
Central Asia Branch of VIR) on cooperation in the sphere of maintenance and study of the
collection inherited from VIR. Therefore this collection can be regarded as still associated with
theN. I. Vavilov Institute.

The Russian government did not allow the Vavilov Institute to allot any of its 1993 budget of 337
million rubles (US $504,491 using the official exchange rate of 668 rublesto a dollar as of
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February-March 1993) to these stations. The adminigtration of VIR from itsheadquartersin St.
Petersburg, tried " to negotiate the transfer of unique germ plasm stored there and duplicateit in
Russia’. According to recent information obtained from Dr. Sergey Alexanian, head of the
Department of Foreign Relations at the Vavilov Institute (September 1994), the larger part of
those collectionsis currently being duplicated at other locationsin Russia.

In 1993 one of the stations, the Sukhumi station in Geor gia, was destroyed in the civil war in that
republic. Although five botanists succeeded in evacuating 226 precious samples of subtropical
fruit plants and almost the whole lemon collection from that danger ous zone, 2,000 sampleswere
left behind in Sukhumi (Strobel, 1993). Fortunately the damage appeared to be lessthan
expected: only sometreeswereinjured (Shands, 1994).

Another problem isthe dramatic reduction of fundsfor salaries. Since 1991 at the St. Petersburg
Ingtitute the staff has been cut from 700 to 400 per sonnel. Soon another 10 percent reduction has
been announced. Scientists are being asked to take early retirement. However, losing the
experienced specialists hasn't freed enough fundsfor attracting and per manently engaging
younger talented experts, " because commercial structures can entice young resear cherswith
incomparably higher wages, prospects of training abroad, and better labor conditions™
(Dragavtsev and Alexanian, 1993).

Because the Ingtitute had no hard currency in 1992, it canceled 15 subscriptionsto foreign
journals. However, Sergey Alexanian reported that " despite poor pay and work conditions, we
have not experienced a (serious) brain drain yet. The scientistsarevery loyal."

In a document prepared by N.I. Vavilov I ngtitute of Plant Industry (November 1994), thereisa
tableillustrating the constraints faced by the I nstitute (Table 3). According to that table, among
the biggest constraints are: deteriorated/poor facilitieslack of appropriate/necessary equipment,
and operational inputs. A fiveyear plan has been outlined to accomplish a series of measures
aimed at enhancing the methods and technologies of plant genetic resour ce activities. The
priorities of the plan will be: integration of the Institute and its experimental network into the
international cooper ation system, moder nization of the Kuban seed storage facility with its
transformation into a medium-term seed-storage facility; construction of a new long-term storage
repository (with temperature below -20 degree C); establishment of a genebank facility for
vegetative propagation of plants (in vitro); and development of a compatible inter national
database on the VIR's global collection. Additional prioritiesinclude creation of different forms of
training with the pur pose of qualification, improvement, and specialization for the I nstitute's staff
and experimental stations personnel, furnishing of the experimental stationswith the seed drying
equipment and freezing facilitiesfor the collection samples, and refur bishing of the Pushkin
Fundamental Laboratoriesof VIR.

According to ajoint FAO-IPGRI report of October 1994, the Baltic Republics, especially
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Lithuania, want to establish their own national plant genetic resources programs. In the past they
maintained only working collections as all genetic resour ces wer e provided to breedersby the
VIR. Now steps have been taken to request repatriation of germplasm of Baltic origin. In
addition, the three Baltic Republicsare very interested in establishing a new mode of
collaboration with VIR and other former Soviet republics germplasm resear ch ingtitutions. They
have already worked out a very progressive cooper ative plan with the Nordic Genebank, and are
exploring participation in other international collabor ative programs (Frison and Serwinski, 1994).

Inter national Cooperation And The Former Soviet Union.

Theworld'slargest international collection of genetic resourcesis collectively maintained by the
centres of the Consultative Group on International Agricultural Research (CGIAR), established in
1971. Itisan informal association of 40 public and private sector donorsthat supports a network
of 18 international agricultural research centres (Figure 2). Asthishasbeen assembled in

cooper ation with countries and ingtitutions wor ldwide, the centres do not claim owner ship of the
materials: they areheld in trust for theworld community. Meanwhile the Convention on
Biological Diversity of 1992 providesincentivesfor countriesto exer cise sovereign rights over
genetic resourcesin ther territories. Mechanismsare being worked out for facilitating the
unhindered movement of genetic resour ces and the fair and equitable sharing of benefitsderived
from their use (Barton and Siebeck, 1994).

Representatives of the N. I. Vavilov Institute insist that the VIR has always been guided by the
conviction: " Plant genetic resour ces ar e the heritage of the world community, not of one country"
(Dragavtsev and Alexanian, 1993). Asevidence of this conviction, when in 1984 the U.S. soybean
crop was being damaged, researchersfrom VIR supplied their U.S. colleagues soybeans with
genetic materialswith the desired resistance (Strobel, 1993). Also recently the Vavilov I nstitute
was ableto providethe U.S. collection in Aberdeen, (Idaho) with several dozen old American
wheat varietieswhich were not in the U.S. collection (M erezhko, 1994). The significance of
diverse agricultural crop exchange becomes more clear when we recognize thefact that in the
United States 99 percent of the commercial crop acresis planted with plant varietiesintroduced
from foreign countries (Buffet, 1994).

For the purpose of exchanging materials with collections of other countries, every three yearsthe
Vavilov Ingtitute has published a seed exchange catalogue, Delectus Seminum, and receives
similar catalogues from the former Soviet republics, botanical gardensand foreign institutions.
The VIR also satisfies, whenever possible, requestsfor plant samplesin addition to those offered
in the exchange catalogue. Dataindicatethat in
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1989 9,013 samplesfrom the VIR collection wer e sent to 45 countries, whilethe I nstitute received
9,418 samples from 45 countries. If we comparethiswith the number of seed samplesthat the
United States dispatches each year (Committee on Managing Global Genetic Resour ces provides
the figure of more than 230,000 samplesto over 100 countries), it seemslessimpressive, but it
does serveto indicate that the desire to exchange materials with theinternational community is
real. Morerecently, on June4 1990, in St. Petersburgthe Vavilov Institute hassigned a
landmark agreement (M emorandum of Under standing) with the International Board for Plant
Genetic Resour ces (IBPGR) which now is called International Plant Genetic Resour ces I nstitute
(IPGRI), amember of CGIAR.

The USDA and the All-Union Academy of Agricultural Sciences engaged in several personnel
exchanges under the Memorandum of Understanding (June 4, 1994) developed for their mutual
benefit. Both administratorsand scientistsvisited institutions and collabor ating scientistsin the
other country over several years. Plant collecting tripsin both countries, exchange of germplasm,
and scientific visitsto resear ch ingtitutions of interest have been conducted since 1986 onwar d.
By thetime of collapse of the USSR, both ARS and VIR had gone far beyond the for malities of
cold war exchange and wer e engaged in close collaboration with strong friendships developing
between the scientistsinvolved. James Elgin, Paul Fitzgerald, Henry Shands, Calvin Sperling, V.
I. Krivchenko, Victor Dragavtsev, Sergey Shuvalov, and Sergey Alexanian were among the key
scientists. In the scientific pressDiversity magazine's Deborah Srausswas a catalyst, leading to
articlesin the New York Timesand the Washington Post and others. Asthe effortsto strengthen
the Vavilov Ingtitute materialized, ARSwasready to assist in alimited but significant effort to
supply computersto help establish a database for the VIR collection (Shands, 1994).

All these have lead to the establishment of a comprehensive program of collaboration, joint
collecting missions and resear ch projects, and sharing of information on all relevant activities. As
IBPGR Acting Director D. H. van Soten said, with the signing of this M emorandum of

Under standing, the (former) USSR has now fully opened its doorsfor international cooperation.
Simultaneoudy it became a Member of the European Cooper ative Programme on Crop Genetic
Resour ces Network (ECP/GR), which isoperated in cooperation with the IBPGR. At the end of
1989 ther e were 25 European Members of this network. " Upon signing the IBPGR-VIR
Memorandum" , according to Sergey Alexanian, VIR Director of Foreign Relations, " ...VIR
legally became one of the linksin the global network of genebanks. Asa part of the expected
activities, VIR will organize advanced coursesfor Third World specialists.”

In June of the same year (1990), at Beltsville, Maryland, ajoint communique was issued by United
States and Soviet Union germplasm leaders. It was signed by Vladimir Krivchenko, Director of
VIR, Sergey Alexanian, head of the VIR Department of Foreign Relations, Waldemar Klassen,
Associate Deputy Administrator, National Program Staff, USDA, and Paul Fitzgerald, the ARS
Agricultural Science Advisor for germplasm. The Communique expressesthe firm decision of
plant genetic resour ces experts from both countriesto seek the approval of appropriate
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authorities of the two gover nmentsfor along-term arrangement to assure maximum effectiveness
in the development and use of plant genetic resour ces of the USA and the USSR. It was stressed
at the signing ceremony that the intention of the signatorieswasto assurethat plant genetic
resour ces provide major benefits not only to the people of the USA and the USSR, but to all
humanity (Diversity, 1990). " We need each other as sourcesfor new varieties. That'swhat their
and our germ plasm collections are all about” , says Dr. Henry Shands from USDA Agricultural
Resear ch Service, Beltsville, Maryland.

From 1986 onward the American specialists gained access to resour ces and ar eas which wer e not
availableto them before. An exampleistheterritory in Kazakhstan where a unique crested wheat
variety which gives an outstanding growth in alow rain-fall areaswith saline soil isbred. Beforeit
was consider ed to be within the limits of a military restricted area and was closed to outsiders.
That was a crested wheat variety which gives an outstanding growth in alow rain-fall areaswith
saline soil. Another interesting genetic resourceisin thefruit area. Dr. Shands mentioned special
peach varieties whose skin does not have fuzz, as most peach varieties do.

Oneof thearticlesin Diversity (from the serieson to the former Soviet plant genetics) is devoted
to the expedition of American and New Zealand explorerswho went to Kazakhstan and Kyrgystan
to collect germplasm of applesand grapesin September 1993. Theteam traversed seven unique
ecosystems during the exploration and identified significant genetic diversity in apples, which will
greatly expand the genetic diver sity of the United States apple germplasm collection. It isnot
surprising asN. |. Vavilov considered the Kyrgystan region as one of the sites of the origin of the
cultivated apple. Explorersalso found an abundance of wild grapes - black, red, and white types,
which had excellent flavor and important characteristicsfor disease resistance which have great
potential for improving grape varietiesin both America and New Zealand.

The collabor ation between the Soviet and the other formerly centrally planned economies
germplasm resour ce scientists has compar ably long history. Several articleson this subject
published in Diversity, document the history of this collabor ation between the Soviet and other
socialist countriesin the sphere of genetic resources and plant breeding. In 1962 at the 5th
Conference of the Council for Mutual Economic Aid (included the Soviet Union, Bulgaria, the
Hungarian Peopl€'s Republic, the German Democr atic Republic, the M ongolian People's
Republic, Poland, and the Czechodovak Socialist Republic), it was decided that a Session was
needed to discussthe possibilities of expanding the collaboration in the sphere of research and
exchange of genetic resources. Thefirst Session devoted to that subject washeld in 1964, in
Leningrad (St. Petersburg). At that timethe national collections of participating countrieswere
rather insggnificant. Even the Vavilov Ingtitute couldn't completely provide the breederswith the
valuable base material they required for their countries. But theresults of the cooperation were
quite noticeable: by 1974 almost 200,000 accessions of diver se agricultural cropshad been added
to the national collections of the partner countries. Recently the common fund of these national
collections numbered mor e than 700,000 samples (Alexanian and Heintz, 1989).
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The Economic Value Of Genetic Resources And The
Utilization Of The Vavilov Collection

Traditionally genetic resour ces have been consider ed to be public or nonmarketed goods. In the
past they were seldom traded in the marketplace. This causesdifficultiesin valuing them.
However, there are a few methodsfor placing value on such nonmarketed goods. One of them is
the hedonic pricing (productivity) method (Committee on Managing Global Genetic Resour ces,
1993). By thismethod the value of the nonmarketed good (in this case, of germplasm) is
estimated from the economic value of the marketed good (plants or animals) to which it
contributed.

However, there are no accurate data illustrating the economic value of the material conserved in
theworld's gene banks. Becauseit isnot possibleto foresee new pests, diseases or difficulties
that breeders may facein thefuture, it ishard to estimate the potential usefulness of any
particular lement. Onethingisclear: germplasm collections are an insurance againgt future
threats, and from the past experience of the world agriculture, it isobvious that investment in the
collection, preservation and management of genetic resour ces provides a very good return.

One of the main factor s determining the phenomenal productivity of the U.S. agriculture between
1930 and 1980 wasthe genetic improvement of crops. During thisperiod yields of corn, potatoes
and wheat increased 333%, nearly 300%, and 136%, respectively. Roughly half of these
increases was due to the use of improved germplasm. It allowed scientiststo create better quality
varietieswith higher resistance to environmental stresses and with higher yields. Obvioudly this
increasein agricultural production has contributed significantly to the U.S. economy.

A detailed economic analysis, the first of itstype, was done using Indian rice production as an
example (Committee on Managing Global Genetic Resour ces, 1993; Evenson, 1994). This
analysis showed that thereturnsto be reasonably expected from genetic resour ce contributionsto
future crop yidds dwarf therdatively small amounts of fundsinvested in maintaining these
collections. Based on thisstudy it isestimated that theresult of using genetically improved rice
varietiesin world agriculture has produced an annual benefit stream of US $594 million (using a
10% discount rate). These figures can be compared with the current annual costs of global rice
germplasm maintenance of around US$10 million.

Oneof the conclusonsderived from thisanalysisisthat it isvery efficient to strivefor a near -
complete collection. There are quite reasonable presumptionsthat the value of a nearly complete
collection relativeto its cost is probably higher than the value of a smaller collection relativetoits
cost. Such a" complete’ collection will be mor e effectivein providing plant breederswith the
toolsto overcome natural threatsto cropsat avery low cost. The collections of the United States

15



and theformer Soviet Union are consider ed to be very closeto complete. Thisisa good reason to
expect that more complete utilization of the former Soviet Union collection should generate a high
rate of return.

During thelast 15 years, morethan 1,500 commer cial varieties have been bred usng materials
from the Vavilov I nstitute collection. These varieties occupy 60 million hectares of cultivated
lands (Report by Victor Dragavtsev, VIR director, at the Centennial Conference, August 1994).
However it seemsthereisno estimate of how much of the Russian yield increase has been dueto
the genetic improvement of crops. It'salso obviousthat former Soviet agricultural production has
lagged behind that of the other developed countries. Therate of productivity growth has been
dow (Wong, 1985), but for reasons apparently unrelated to the genetic improvement of crops.
There aredata indicating that fully 80 percent of the research generated was never applied in the
agricultural sector. Some 30-40 percent of fruits, vegetables and even grain was usually lost
because of inadequate post-harvest agricultural transportation, storage and marketing (A Virginia
Tech Leadership Forum, 1991).

In 1993 the cost of operating the Vavilov I nstitute of Plant Industry was around US $504,491.
Thisisnot alarge amount for such a huge and unique gene bank (Possehl, 1993). For thefirst half
of 1994, allocations from the state budget were made 820 million rubles, and 800 million rubles
wer e scheduled for the second half. Thisisaround US $704,000 using the current US dollar/ruble
exchangerate as $1=2300 rubles (as of August-September 1994) (based on information provided
by Sergey Alexanian). We may mention herethat the US plant germplasm resear ch funding for
1993 was mor e than US $20 million (Shands, 1994). However such comparisonsare not very
meaningful. The expensesof Vavilov I ngtitute are changing (generally increasing) constantly
because of technological change, increasesin wages and salaries, changing economic conditions
(affecting I nstitute's budget), and for other reasons. Because of the extremely high rates of
inflation in Russia presently, comparisonswith previousyears do not mean much.

American expertsfrom USDA Agricultural Research Service are convinced that accessto the
former Soviet Union gene bank would be of great valueto the United States. Thus, taking into
account the estimates from the above described analysis, any reasonable investment in
preservation and accessto the germplasm collection of the former USSR will yield great valueto
wor ld agriculture.
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Assistance To The Former Soviet Union Genetic Resour ces
Conservation and Maintenance System

During thelast two yearstheinternational agricultural research community has paid considerable
attention to the situation of the former USSR genetic resour ce conser vation and maintenance
system. In 1992 a special account was established at The World Bank for emer gency donationsto
rescue genetic resourcesin Eastern Europe. Thisaccount is administered by International Plant
Genetic Resour ces I nstitute (IPGRI).

According to USDA and World Bank estimates, around US $2 million is needed from international
agencies to secur e the maintenance of valuable genetic material in the former Soviet Union -
about $500,000 for annual operational expenses and $1.5 million to providerepair and
replacement of medium-to-long-term storage facilities (World Bank Proposal, 1992).

In August 1994 the World Bank and USDA Agricultural Research Service representatives visited
Vavilov Ingtitute. They wereinvited to participatein and address an international conference on
genetic resour ces being or ganized by the Institute to commemor ate the Vavilov I nstitute's 100th
anniversary. Reportedly they also discussed the possibility of including the Vavilov Institutein
the project which has been proposed by The World Bank to support agricultural research in
Russia. Theimprovement of Vavilov Ingtitute's ability to maintain its collectionsis going very
well, according to a World Bank representative who hasvisted the I nstitute recently. The
establishment of the computer database and the repair of refrigeration equipment of the long-term
storage facility arein process and the assstance will be continued in the future.

In 1993 the United States Agency for International Development (USAID) approved a grant of US
$400,000 for support of the Vavilov I ngtitute plant collection (IPGRI Annual Report 1993). The
United Nations Development Programme (UNDP) also contributed US $25,000 for that purpose.
The United States Department of Agriculture, at the cost of US $30,000, provided computer
hardwarefor a database system compatible with that used to manage its own gene bank (Aldhouse
and Dorozynsky, 1994). Therewasalso a very warm response from the American people, (52
different sourcesincluding both individuals and groups), who contributed US $18,000 to the trust
fund established by the Agricultural Research Institute for the Vavilov germplasm collection last
year.

In 1994 USAID allocated US $500,000 for the total germplasm maintenance system of the former
Soviet Union, which included botanical gardensand herbariumsaswell. Inthisregard Mr. Rob
Bertram from USAID mentioned the Komarov Botanical I nstitute which possesses a herbarium
containing some 6 million dried plant specimens. It isone of the world-leading resourcesin the
field of plant taxonomy. " It'sthe Kew of Russa"' saysbotanist Charles Jeffrey from the Royal
Botanical garden'sat Kew, London, " but it has been considerably underused”. However, the
building housing thisworld renowned resourceisin terrible condition (Aldhous and Dor ozynski,
1994).
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USAID had prepared a project for promotion of sustainable, multiple-use forest management as
well asfor biodiversty protection in Khabarovsk and Primoryeterritories. The proposed life-of-
program budget is $16.7 million (Draft Report for the Gore-Chernomyrdin Working Group,
September 1994). One of the three objectives of this project is Biodiversity Conservation
Management. The other two are Building a Strong I nstitutional Framework for Sustainable
Natural Resources Management and Sustainable Forest Management.

It is expected that within three year sthe project will have succeeded in overcoming many of the
mor e immediate problemsfacing the natural resourcesin theseterritories. Policy, legal, and
ingtitutional barriersto private sector-led sustainable forest management and biological diversity
conservation will be significantly reduced. |mmediate threatsto endanger ed species and habitats
will bereduced. A conservation trust fund for long-term conservation will also be established.

In January 1994 the World Wildlife Fund (WWF) released areport, " Conserving Russa's
Biological Diverdity - An Analytical Framework and Initial Investment Portfolio’ which examines
the famous Russian protected areas. Thereport callsfor funding to rescue those ar eas.
According to the estimates of WWF's Russia Project coordinator, US $17 million isrequired to put
these protected areas” on a sustainable footing.” " Russiaisthe best conservation bargain on the
map today," said Eric Dinerstein, of WWF-US. " The United States has pledged $400 million to
assst Russia's space program over four years. For lessthan twentieth of that, we can safeguard
some of theearth'slast truewilderness’ (Diversity, 1993, 1994).
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Summary

The systematic collection of plant genetic materialsin Russia began about 100 year s ago and was
expanded under theleadership of N. I. Vavilov to one of the largest banks of plant genetic
materialsin theworld today. In recent yearseconomic and political instability associated with the
dissolution of the Soviet Union and the emer gence of independent republics has adver sely affected
thisvaluable collection. The events have occurred almost smultaneousy with the increased
access of the United States and therest of theworld to the Vavilov collection.

Although techniquesfor the economic evaluation of plant genetic resourcesis ill in theearly
stages of development, the few available economic studies indicate benefits substantially
exceeding costs for maintaining and exchanging genetic materials from these collections. In
addition it isextremdly difficult to place a monetary value on ger mplasm collections asinsurance
against futurethreats - plant pests, diseases, climatic change -

toworld food supply. In the United States, 99 per cent of commercial crop acresare planted to
plant varietiesintroduced from other countries.

During thelast two year sthe United States and the inter national agricultural community has paid
increasing attention to the status of genetic resour ces conser vation and maintenance in the former
Soviet Union. Various estimatesindicate the need for approximately U.S. $2 million to restore
and maintain the Vavilov collection with about US $500,000 needed for annual expenses. On
another front, an estimated US $17 million isrequired to placein situ " collections' of both plants
and animals on a sustainable footing.

Some financial assistance has been provided and moreisin the planning stages. The United

States and the other developed countries of the world have a major stakein closely monitoring the
status of these plansand pressing for their implementation.
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TABLE 1 Number of Specimensin the Collections of the Bureau of Applied Botany
and VIR up to 1985.

Y ear Number of specimens

1901 302

1902 626

1903 674

1904 991

1905 1,001

1906 1,142

1907 1,535

1908 2,156

1909 3,748

1910 5,715

1915 13,891

1940 187,500

1950 118,203 (Following the
1960 154,684 inventory
1970 184,300 made
1980 298,268 from 1946 to
1981 310,357 1950)
1982 326,197

1983 340,415

1984 350,060

1985 362,011

Source: V.l Lenin All-Union Academy of Agricultural Sciences. 1987. Advancesin Agricultural
Science. Moscow. Academy Press. p. 24.
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TABLE 2. Estimates of Germplasm Holdingsin the Five Largest National Plant
Germplasm Systemsand Major International Centers.

Country/Center Categories Concer ned Total

United States All crops 557,000
China All crops 400,000
Former Soviet Union All crops 375,000
IRRI Rice 86,000
ICRISAT Sorghum, millet, chickpea, 86,000

peanut, pigeon pea

ICARDA Cereals, legumes, forages 77,000
India All crops 76,800
CIMMYT Wheat, maize 75,000
CIAT Common bean, cassava for ages 66,000
Japan All crops 60,000
[HTA Cowpea, rice, root crops 40,000
AVRDC Alliums (onion, garlic, shallot), 38,500

Chinese cabbage, common cabbage,
eggplant, mungbean, pepper, soybean,
tomato, other vegetables of regional

importance
CIP Potato, sweet potato 12,000
NOTES. IRRI, International Rice Resear ch Ingtitute; ICRISAT, International  Crops

Ingtitute for the Semi-Arid Tropics, ICARDA, International Center for Agricultural Research in
theDry Areas, CIMMYT, Centro Internacional de Mgoramiento deMaizy Trigo; CIAT, Centro
Internacional de Agricultura Tropical; I TA, International Institute for Tropical Agriculture;
Avcrdc, Asian Vegetable Resear ch and Development Center; CIP, Centro Internacional dela

Papa.

SOURCES: Asian Vegetable Research and Development Center. 1992. 1991 Progress Report.
Shanhua, Taiwan: Asian Vegetable Research and Development Center; Chang, T. T. 1992.
Availability of plant germplasm for usein crop improvement. pp. 17-35in Plant Breeding in the
1990s, H. T. Stalker and J. P. Murphy, eds. Wallingford, U.K.: CAB International; Vitkovskij, V.
L.,and S. V. Kuznetsov. 1990. The N. I. Vavilov All Union Resear ch Institute of Plant Industry.
Diversity 6(1):15-1
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TABLE 3. Constraintsfaced by Vavilov I ngtitute.

Congtraints Scale0to9
Unclear research priorities 1

I nefficient resear ch/fund management 11
Lack of incentives and motivations 5
Deteriorated/poor facilities 8
Lack of appropriate/necessary equipment 8
Lack of operational inputs 9
Lack of fundsfor carrying out research 7
Limited accessto national and international 4
Too much emphasis on | ncome gener ating activities 1
Poor linkswith research beneficiaries 1
Lack of opportunitiesfor training domestically/abroad 3
Other: low salaries 6

Source: Russian Federation: Agricultural Research Project: VIR Component. 1994,
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FIGURE 1. The Vavilov Institute consists of 18 experiment stations, They are spread fram
polar region to the subtropics and fom European part of the USSR to the Far East.
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Six of these stations have now become national institutes (or stations) in the respective newly
emerged republic.

1y Ustimovskaya Experiment Station, Ustimovia, TTkraine

¥ Crimean Pornclogieal Station, Sevastopol, THazine

3} Sukdwmi Experiment Station, Sukhumi, Georgia

4) Aral Sea experiment Station, Chelkar, Kazakhstan

3) Turkmenistan Experiment Staton, Kara Kale, Turkmenistan
) Central Asia Branch Insdiute, Tashkent, Uzbakistan



FIGURE 2. The Consultative Group on International Agricuitural Research {OGIAR) is 2
network of 18 imternational agricultural research centres, including Internationzal Plant Genetic
Resourees Institute {IPGRI}
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