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PREFACE 1

Preface

The ex situ conservation of plant genetic resources is of vital importance to ensure their long-
term safety and continued availability for use by scientists and farmers in order to jointly
contribute to long-term global food security. Ex situ conservation consists of a series of
routine operations and activities, of which many are interlinked, and all of which need
proper management. Regeneration of stored germplasm seed samples is one of the key
activities as it has a direct bearing on the quality of the material conserved, requires specific
knowledge and expertise, and is usually labour intensive. According to the Global Plan of
Action, which lists the regeneration of threatened ex situ accessions as one of the priority
activities, the “capacity for regenerating accessions was often not considered when assembling
collections and disseminating accessions, with the unintended consequence that much material
collected in the past cannot now be properly maintained”. The Plan continues to state that “an
average of 50 percent of current national collections are in need of regenerating” and that urgent
action is needed to avoid much of the stored genetic diversity, as well as a large proportion
of the public investment that has been made to establish the collections, being lost forever.

For the above reasons IPGRI, together with the CGIAR System-wide Genetic Resources
Programme (SGRP), the Food and Agriculture Organization of the United Nations (FAO)
and the International Crop Research Institute for the Semi-Arid Tropics (ICRISAT),
organized a technical consultation meeting with scientists from National Plant Genetic
Resources Programmes, the CGIAR and other international research centres, and the private
sector. The meeting was held at the ICRISAT Asia Centre at Patancheru, India in December
1995, and details are presented in these proceedings. The deliberations resulted in a much
better understanding of the complexity of the regeneration process, and generated
suggestions and ideas on how to make the process more efficient and cost-effective. It also
provided a basis for the preparation of a decision guide for genebank curators on
regenerating accessions in seed collections which has been jointly published by SGRP, FAO
and IPGRI. Unfortunately, due to the high priority accorded to the decision guide, the
publication of these proceedings was delayed. IPGRI trusts that this delay will not have
caused any inconvenience to those who prepared papers for this consultation meeting.

It is hoped that this publication will contribute to better planning and implementation of
systematic regeneration procedures, thereby assisting genebank staff in promoting the
overall efficiency and cost-effectiveness of genebank operations.

Masa Iwanaga Jan Engels
Deputy Director General (Programmes) Group Director
Genetic Resources Science and Technology
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Executive Summary: the Consultation on the Regeneration of
Germplasm of Seed Crops and their Wild Relatives

The consultation was held from 4-7 December 1995, at ICRISAT Asia Centre, Patancheru,

India, as part of the CGIAR System-wide Genetic Resources Programme (SGRP), in

collaboration with FAO. It was organized by IPGRI, hosted by ICRISAT and funded through

contributions from SGRP, FAO, ICRISAT and IPGRI. It was attended by 37 scientists from 12

national programmes in Europe, America, Africa and Asia, six CGIAR Centres (IPGRI,

ICRISAT, ICARDA, CIMMYT, IITA, IRRI), AVRDC, Pioneer Hi-Bred and FAO. The

objectives of the Consultation were:

< identifying criteria and options in curator/genebank manager decisions on managing and
carrying-out regeneration, and formulating a curator decision framework;

« identifying topics requiring further information and/or research and opportunities to
gather the information and/or carry out research;

¢ proposing strategies and mechanisms for addressing the regeneration needs of existing
collections.

The practices and experiences in seed regeneration in 12 national and six international
genebanks were presented, as well as overview papers on the scientific principles underlying
regeneration. In addition, there were presentations on the experiences of the collaborative
project in Latin America on the regeneration of maize landraces (LAMP), an analysis of
information on practices obtained by questionnaire from 200 institutes, and evidence on the
global regeneration need collated from Country Reports to the IVth Technical Conference.
The principal steps in regeneration, major constraints and problems were identified,
synthesized and further examined in Working Groups.
The meeting identified three key approaches to cost-effective regeneration of seed
germplasm:
¢ minimize the regeneration requirement of the collection (by managing the size of the
collection/minimizing redundancy);
¢ minimize the regeneration frequency of accessions in the collection (by maximizing initial
viability and quantity, and optimizing the maintenance of viability and quantity in
storage);

e conduct cost-effective regeneration of the accessions (minimize genetic change to
accessions and costs during regeneration).

Working Groups were formed to examine each of these approaches and to identify the
steps and criteria in decision-making to meet the objectives of each approach. The decision
guides developed by each Group have been pulled together and are presented. This
constitutes a framework for the management of genebank collections that emphasizes the
importance of curator decision-making in controlling and carrying out regeneration. The
exercise also identified the major information and research needs for better informed curator
decision-making in regeneration, and the improvement of regeneration procedures.

The following points were agreed upon by the participants as critical aspects to be
addressed and/or considered by genebank curators while regenerating germplasm as well
as by international organizations as part of their research agenda.
¢ Importance of institutional/genebank policies on germplasm acquisition and

conservation to ensure collections are built up in a rational manner.

* Need for greater attention to managing collections at the individual accession level to take
account of important differences in origin and history of the accessions. The concept of an
accession-specific “basic unit” (minimum plant number) for regeneration was explored as
a means to take better account of the uniqueness of individual accessions in factors such
as: number of plants constituting original sample, number of individuals remaining after
guarantine, numbers used in regeneration, cycles of regeneration, etc.
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e Importance of the base-active collection linkage and matching storage conditions to
storage life, to reduce regeneration frequency and for improved cost-effectiveness.

* Many species lack basic information (or it needs collating) on cultivation, mating systems
and patterns of genetic diversity, flowering biology and seed production, seed physiology
including storage characteristics, dormancy and germination.

Follow-up activities were agreed upon, including the following.

¢ The decision framework will be used as the basis of developing general guidelines to
genebank management and regeneration which will be put to the FAO Commission of
Genetic Resources in 1997 for endorsement and publication as international guidelines.
The recommendation of the meeting to develop crop-specific guidelines, similar to the
crop descriptor lists, needs to be explored.

* Follow-up on recommendations of information and research needs is required.
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Regeneration of tropical field crop germplasm in Australia

Peter Lawrence

Germplasm collections
Australian agriculture is based almost entirely on exotic species imported from other
countries. Germplasm collections of field crops in Australia mostly contain ‘breeding’
accessions plus some landraces and wild species, whilst germplasm collections of forages are
mostly landraces.

Post-entry quarantine
One of the major functions of a Genetic Resource Centre, as seen by our research clients in
Australia, is to provide a service for importing new germplasm through post-entry
quarantine.

All crop accessions and some pasture accessions entering Australia must pass through
one generation in post-entry quarantine. This is the major bottleneck in maintaining an
effective population size of germplasm accessions and preventing loss of genetic variability
through genetic drift over generations. Usually four plants are grown for inbreds, whilst the
number of plants grown for outbreeding populations depends on the size of the budget.

For maize populations 100 plants are grown, and full-sib pollination is used to maintain
genetic variability. In terms of cost this is equivalent to growing 25 inbred accessions. The
decision whether to import one population of an outbreeding species or 25 inbreds is
dependent on the genetic variability available in the population versus the genetic variability
in the 25 inbreds.

To overcome the post-entry quarantine bottleneck we are currently negotiating with
Australian quarantine officials to allow germplasm seed of sorghum that has been grown
under gquarantine conditions in the US Virgin Islands to enter Australia directly, without
having to be grown for one generation in a post-entry quarantine glasshouse in Australia.
This is a test case which, if successful, could be extended to other crops from other countries.

This idea could be expanded to an international approach to quarantine growouts which
could be a cooperative effort between a number of countries.

Regeneration of seed germplasm
10 years ago germplasm collections in Australia were maintained by individual plant
breeders. There were no pre-storage drying facilities and most collections were stored at 5°C.
Some collections were regenerated every 10 years, whilst others were left on the shelf. With
the establishment of eight Genetic Resource Centres in Australia the first task has been to
acquire samples of these collections, and to grow the collections for seed regeneration and
long-term storage.

Most germplasm accessions of tropical field crops are regenerated in the field at Biloela
Research Station (23° latitude) using irrigation. Wild species are regenerated in the
glasshouse. Table 1 lists the initial germination of various crops after regeneration, and some
comments are provided on the reasons for low viability of some accessions.

Good agronomic management, including control of insect and disease damage, especially
in navybeans and soyabeans, is essential for the production of good quality seed. Staff with
experience in growing the particular crops are the key to success.

Accessions with a wide range of genetic variability are often grown in the field under one
agronomic regime. Consequently, the unusual genotypes (e.g. short-day accessions or early
maturity accessions), which are often the most valuable ones, are not provided ideal
conditions for the production of good quality seed. Often, limited information is available on
these accessions before they are grown, and consequently we are unaware of the special
conditions required to grow the accessions for seed regeneration.
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Table 1. Details on initial germination of various crops after regeneration
Germination (%)

Crop Average Range Comments on low germination
Arachis hypogaea 80-94 38-98 Some landraces susceptible

Glycine max 50-92 14-96 Late maturity

Gossypium hirsutum 80-94 6496 Late maturity landraces

Helianthus annuus 80-100 30-100 Susceptible to Sclerotium

Nicotiana tabacum 86-98 60-98 Old varieties susceptible to leaf diseases
Wild Nicotiana 50-96 28-98 Some species require arid climate
Phaseolus vulgaris 90-100 36-100 Require good agronomic management
Sorghum bicolor 82-100 44-100 Late maturity landraces

Indigenous Sorghum 20-80 0-98 Original seed

Vigna 86-98 68-100

Zea mays 92-100 62-100 Old varieties susceptible to cob rots

Therefore, it is suggested that when seed of an accession is sent to a genetic resource centre,
information on the conditions required to grow the accession for seed regeneration should
also be supplied.

Australia has a wide range of environments (e.g. frost-free environments with irrigation
which are ideal for growing accessions during the winter) which could be used for the
regeneration of plant genetic resources. However, it is often difficult to identify skilled staff
at those locations who could spend, say, 10% of their time regenerating germplasm
accessions.

Wild species
Australia has a range of indigenous species of genera such as Cajanus, Glycine, Gossypium,
Nicotiana, Oryza, Sorghum and Vigna. These species may have useful genetic traits which
could possibly be transferred to cultivated crop species using biotechnology techniques.
Recently we have started making collections of these indigenous wild relatives of crops to
supply to researchers in Australia and overseas.

Sampling strategies for collecting seed of in situ populations are mainly influenced by
practical considerations. Often the wild populations have only a few plants at the right stage
of maturity for harvesting; in other cases it is possible to sample 100 plants. The low
germination rate for some indigenous Sorghum accessions (see Table 1) is due to the
collection of immature seed. The interval between flowering and maturity when the seed
drops is 10 days, and during that time the weather and road conditions make it difficult to
collect seed from in situ populations. Therefore it is often necessary to regenerate accessions
of indigenous wild species before placing seed in long-term storage.

Our experience in seed regeneration of wild species is limited to Nicotiana and Sorghum.
Most wild species of Nicotiana can be grown successfully in the glasshouse, however at least
12 species indigenous to the Australian desert are susceptible to fungal diseases and are
difficult to grow in glasshouses with evaporative coolers where the humidity is high.

Our limited experience with the regeneration of wild Sorghum is that it is difficult to
obtain seed set in some species, especially if the heads are bagged to prevent cross-
pollination. Obviously, further research is required into the floral biology of wild Sorghum.
We plan to undertake this research in the next few years in association with graduate
students from the university; however, we have not yet secured funding for this project.

Pre-storage processing and storage conditions
At Biloela, we have adequate facilities for pre-storage processing. Seed is dried to 6%
moisture content in a drying room which operates at 15% relative humidity and 15°C. After
drying, the seed is sealed in aluminium foil packets and placed in long-term storage at
—-20°C.
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As our Centre has been operating for 7 years, we do not have data on the change in seed
germination during storage. We assume our storage conditions are more than adequate and
we plan to monitor the germination of all accessions every 10 years.

Base and active collections
We operate one seed store at —20°C which serves as an active/base collection. We aim to
store 2000 seeds for inbred lines and 4000 seeds for heterogeneous accessions. In Australia,
the number of requests for an accession is low, so these quantities of seed should meet
requests for the next 100 years. We generally supply 50 seeds for inbreds and 100-200 seeds
for populations. Plant breeders and other clients are encouraged to maintain their own
individual collections for active use.
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Brazilian genetic resources conservation system

Antonio Carlos Guedes

Introduction

Brazil, with an area of 8 511 965 km’, is the largest country of the South American continent
and is considered one of the countries with the greatest biological diversity in the world.
Among the 250 000 species of higher plants, nearly 60 000 are native to Brazil. The Brazilian
flora is important because it possesses a great number of domesticated species and/or wild
relatives, including: guarana (Paullinia cupana), cocoa (Theobroma cacao), rubber (Hevea
brasiliensis), cotton (Gossypium spp.), cashew (Anacardium occidentale), pineapple (Ananas
comosus), peanut (Arachis hypogaea), cassava (Manihot esculenta), etc. The richness of species
found in the different Brazilian ecological domains includes timber, fruits, palm trees,
forages, medicinal, industrial and ornamental plants. In the Amazon (3.5 million km?) alone,
nearly 800 species were identified with potential for economic exploitation.

In situ conservation of genetic resources
The most important component for in situ conservation consists of the Indigenous Areas (554
reserves, an area of more than 94 million ha) whose communities are composed of 146
different ethnic groups located mainly in the northern region of the country. The Units of
Conservation, under the responsibility of the Federal Government, State or Municipalities,
add up to approximately 50 million ha of conservation area.

Ex situ conservation of genetic resources

Ex situ conservation in Brazil is carried out in the form of conservation of seeds in cold
chambers, in vitro conservation, cryopreservation in liquid nitrogen and in the field. The
decision of the Brazilian Corporation for Agriculture Research (EMBRAPA) to create the
National Center for Genetic Resources (CENARGEN) for ex situ conservation was highly
significant. In 1984, CENARGEN incorporated research activities using biotechnology aimed
at conservation and use of genetic resources. At that time the name of the Center was slightly
modified to the National Center for Genetic Resources and Biotechnology, but the acronym
remained the same.

Before the establishment of CENARGEN, activities concerning genetic resources in Brazil
were carried out (with rare exceptions) in a random and sporadic manner. Frequently there
were gaps in some areas and duplications in other areas of research throughout the country.
The creation of CENARGEN and the consolidation of the Cooperative System of Agriculture
Research (SCPA), which is today known as the National System of Agriculture Research
(SNPA), helped to organize and increase the efficiency of germplasm collection, exchange,
guarantine, characterization, evaluation, documentation and, most importantly, conservation
and utilization of germplasm.

Under the EMBRAPA System of Planning — SEP — all the activities related to genetic
resources conservation and use are handled under Program 2, which carries this title. The
general objective of this programme is to “enrich and conserve the exotic and native genetic
resources of current socioeconomic importance and potential for the country and to promote
and increase their utilization in breeding programmes, for the development of sustainable
agriculture”. The basic activities of the programme are developed through projects and sub-
projects financed mainly by the Ministry of Agriculture with participation of the SNPA
members. SNPA is composed of EMBRAPA with its 39 research centres, of its member
research institutes supported by the states, and of universities carrying out agricultural
research. With the participation of these different entities, a national network was formed for
genetic resources conservation which presently comprises 84 Active Germplasm Banks
(BAGs) distributed over 47 locations working in conjunction with CENARGEN. The
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System’s Base Collection (COLBASE) of plant germplasm is kept at CENARGEN and the
active collections are maintained at the respective BAG.

A recent survey revealed nearly 194 000 accessions of plant germplasm, including
duplicates, with 60 000 stored at the COLBASE and 134 000 in other banks or collections. Of
the accessions conserved in the system, nearly 76% are exotic and 24% are native/local
populations. The main food crops which are important to Brazil are dependent on the
introduction of exotic germplasm, and almost 95% of the grain accessions conserved at the
SNPA collections are from exotic species. The maintenance of quality, regeneration and
continual enrichment of the genetic variability of those collections have been of constant
concern.

The Brazilian system for conservation of genetic resources has adopted the international
standards for seed quality established by IPGRI and FAO. Adjustments are made, when
necessary, depending on the circumstances and the species being conserved. The
multiplication and regeneration of each BAG collection is carried out at the active genebanks,
where the active collections of germplasm are maintained. The multiplication and
regeneration of materials from the Base Collection are also carried out at the Research Center
and location where the respective BAG is located.

The linkage between the CENARGEN activities and the EMBRAPA Research Centers and
other institutions is through the Curators of Germplasm, based at CENARGEN, and the
Active Bank Curators. The Curatorship Germplasm System was officially established by
EMBRAPA in 1993, and under this system activities at CENARGEN are related to
enrichment, documentation, conservation and use of germplasm, and the Curators of the
BAGs are responsible for maintaining, regenerating and distributing the germplasm.

Despite the fact that the Brazilian System is well structured, the activities of multiplication
and regeneration are still the most difficult to handle. Contributing factors include lack of
specific funds, infrastructure, trained human resources, specific strategies for the
establishment of regeneration priorities, etc.

References
Anonymous. 1995. Country Report - Brazil , presented at the FAO Sub-Regional meeting for
South America, Brasilia/DF, Brazil, August 29 to September 1, 1995.
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accession A has a gene frequency of g, = 0.9, which is contaminated with pollen from
accession B with a gene frequency of Q = 0.1, then 10% of grains from accession A will have
genes from accession B. If one assumes a gene frequency of m = 0.05 of contamination from B
into female gametes of accession A, the gene frequency of g, will be:

g, = gy(1-m)+mQ
g, = 0.9(1-0.05)+0.05(0.1)
q,=0.86

Therefore, in one generation accession A will be reduced to 0.86 from 0.9 which, in
general terms, is not a big change. However, if contamination of pollen occurs in larger
amounts, then the gene frequency will decrease significantly in just one generation.

To avoid genetic drift, regeneration should be done using an adequate number of
individuals. The sample size depends on the less common alleles or genotypes. If a rare allele
in an accession is present in 10%, only 20 individuals per accession will be required to
maintain these alleles with a 90% probability, or 40 individuals for 99% probability. In
general terms, if the probability of rare allele is less than 5%, at least 100 individuals are
required to maintain it in the population with a probability of 95%. For multiple alleles in a
locus the number of individuals will increase.

Constraints on proper regeneration
Facilities
Facilities for seed regeneration with special environmental requirements are lacking.
Greenhouses and other facilities are required for accessions from localities with high
temperatures, wild relatives of crops from special ecological niches, weedy species which
require breaking of seed dormancy, etc.

Research on specific crops and wild relatives

Many seed samples have not been regenerated successfully due to the lack of basic
information on germination procedures, pollination control, and floral biology in general.
There are several lesser-known crop species awaiting research in order to recommend the
best regeneration procedures.

International cooperation and networking

For many crops, seed regeneration has to be carried out in their original environmental
conditions, or using specialized facilities available in other genebanks around the world.
Cooperation at national and international levels may help to regenerate samples under the
best conditions.

Resource allocation
Most genebanks lack adequate financial support for germplasm regeneration. Germplasm
seed regeneration is costly and requires adequate financial support.
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Seed regeneration activities at the plant genetic resources centre of
Ethiopia

Hirut Kebede

Introduction
Ethiopia, with its wide range of agro-climatic conditions, is one of the centres of diversity
and domestication of many cultivated plants. In order to conserve this tremendous plant
diversity, the Plant Genetic Resources Centre of Ethiopia (now the Biodiversity Institute) was
established in 1976. The total holdings in the Genebank have now reached 54 000 accessions
of about 100 species, of which over 70% are cereals.

Landraces make up the bulk of the collections conserved at the Genebank. They are
mixtures or heterogeneous populations consisting of up to five types. Farmers maintain them
as mixtures so that they are buffered against different environmental hazards in different
seasons.

Active and base collections and source of seeds for regeneration

In the Genebank, accessions are stored in active and base collections (Table 1). The base
collection is never touched as long as the viability of the seeds is adequate. The active
collection is used for evaluation, utilization and exchange purposes. Samples for
regeneration are taken from the active collection when the amount of seed in the active
collection is depleted. If the viability of the seeds in the base collection drops below the set
threshold, the seed sample for regeneration is also taken from the active collection and the
old seeds in the base collection are replaced by the fresh seeds.

Priority is always given to accessions with low viability for regeneration. The
Conservation Division of the Genebank determines the initial viability for each sample
before its storage, and monitors viability on randomly chosen accessions of the stored seeds
at regular intervals (5 or more years). Accessions with a viability <85% and also those with
insufficient amount of seed are registered for regeneration. These lists are passed to the
Multiplication, Evaluation and Utilization Division, which conducts the regeneration
activity.

Procedures followed and difficulties encountered during seed regeneration
In order to preserve the genetic integrity of the original sample during seed regeneration we
strictly follow certain procedures.

Regeneration sites
Genetic shift due to natural selection may occur because of differential viability, survival and
fecundity of genotypes in a population. This effect can be minimized by selecting regen-

Table 1. Genetic composition, thousand grain weight (TGW)
and corresponding seed number for active and base
collections of germplasm accessions

TGW (9)
Genetic composition <200 >200
8000 seeds 4000 seeds
Heterogeneous material 3000 base coll. 1500

(populations, mixtures)
5000 active coll. 2500

3200 seeds 1600 seeds
Homogeneous material 400 base coll. 200
(pure line, modern cultivars) 2800 active coll. 1400
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eration sites similar to those of the areas of natural adaptation of the original samples. In
order to fulfil this requirement the Genebank has about 14 regeneration sites with altitudes
ranging from 450-2800 m above sea level, and varying temperature and moisture regimes.
Out of these 14 sites, 12 are research sites of the Institute of Agricultural Research and
Alemaya University of Agriculture. These two institutions give full support to our seed
regeneration activities by providing the land and taking care of the field preparation at their
cost. This collaborative work has cut down costs of machinery and its maintenance, labour
costs for field preparation, guards, stores, etc. This collaborative work has also enhanced the
utilization of our germplasm. As these sites are the respective breeding stations of the crops
concerned, we work in close collaboration with the breeders, pathologists, entomologists and
other scientists. Therefore these scientists have the opportunity to observe the germplasm in
the field each year and to choose interesting accessions for their crop improvement
programmes. Additionally, we consult them in elaborating and evaluating the descriptor
lists to be used.

In order to decide in which site the samples should be regenerated, the accessions of a
given crop are grouped according to the altitude obtained from their passport data and are
planted accordingly at the sites in corresponding altitudes. For example, highland sorghum
is regenerated at 1960 m altitude (a site called Arsi Negelle), the intermediate sorghum types
at an altitude of 1580 m (Nazareth) and the lowland types are planted at 1320 m (Mieso).
However, we face difficulty identifying appropriate regeneration sites for accessions with no
passport data. They may be planted in an unfavourable environment and some or most of
the plants could be lost. As most of the collections at the Genebank are landraces of mixed
types the genetic shift is more serious for them than for a homogeneous sample under
unfavourable conditions. Some genotypes in the mixture may not germinate to start with, or
may germinate but may not survive to set seed.

Isolation

In predominantly outcrossing species, the use of strict isolation is important to avoid
adulteration by foreign pollen. It is necessary to know the flower biology of the species (self-
or cross-pollinated), and if cross-pollinated, whether it is wind-pollinated, insect-pollinated
or both. Once this information is available, it can be decided which isolation technique
should be used for each species. At present, the major outcrossing species we are handling
are rape seed, faba bean (under ideal conditions), safflower, sunflower, sorghum, maize, hot
pepper and noog. Some of the isolation techniques used are presented below.

Noog (Guizotia abyssinica)

This annual oil crop has been domesticated in Ethiopia and has developed a wide diversity.
The species is predominantly pollinated by insects and is self-incompatible. This is mainly
because the receptive part of the stigma rarely touches the pollen of the floret. Since selfing
of this species would cause serious inbreeding depression and might expose the accessions
to unwanted natural selection, a form of sibbing within each accession is applied. A
sufficiently large number of plants are covered with cheesecloth bags and at regular intervals
hand-pollination between plants within the accession is carried out. The use of pollinating
insects within a bag could increase seed setting.

Brassica species

Brassica carinata, B. nigra and B. oleracea are species either indigenous to or widely grown in
Ethiopia. All are predominantly cross-pollinated and, therefore, require special attention to
avoid gene flow between accessions. In this case also, cheesecloth bags are used to isolate a
group of plants of the same accession, and natural pollination within a bag is used to obtain
the required seed amount.

Faba bean (Vicia faba)
This is generally a predominantly self-pollinating species, but under certain conditions up to
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50% outcrossing is observed, mainly by bees. The isolation method presently in use is
Brassica fencing around each accession. The assumption is that the pollinating bees stay
mainly within a plot, and before approaching another plot they will be attracted by the
Brassica flowers where the faba bean pollen will be brushed off. Although this method does
not ensure the avoidance of any gene flow between accessions, it is relatively simple and
cheap and thus large numbers of accessions can be regenerated.

Multiple regeneration cycles

Genetic drift due to random loss of alleles can happen when we have multiple regeneration
cycles and when sample size taken for regeneration is too small to capture all the variation in
the original sample. Regeneration cycles have been minimized as much as possible as long as
the original sample is large enough to take the appropriate sample size for regeneration.
However, even with the appropriate sample size, when adverse growing conditions occur
insufficient seeds are produced and another regeneration cycle is needed. With those
accessions where the original sample is small, mainly those exchanged, repatriated or
donated from abroad, carrying out multiple regeneration cycles is indispensable.

Seed longevity

Growing conditions, post-harvest handling, pre-storage processing and storage conditions
determine seed longevity. With regard to growing conditions, efforts are made to produce
high quality and disease-free seeds. However, problems such as moisture stress, diseases
and insect pest attacks are encountered. Examples of the major diseases encountered are leaf
and stem rust on wheat; powdery mildew, rust and chocolate spot on faba bean. In order to
deal with these problems, cultivation is avoided at sites where the respective diseases, insects
and environmental stresses are prevalent. For example, the site that was used to grow the
wheat accessions was found to be a hot spot for leaf and stem rust which resulted in the
production of shrivelled seeds. So the wheat accessions are now regenerated at another site
in order to avoid this problem. If these problems are a one-time experience and if they are
thought to have a significant effect on the plants, where possible chemicals are used to
control the insects and diseases. Supplemental irrigation is used where rainfall falls short.
Otherwise, application of chemicals is not recommended during seed regeneration activities
in the field.

Care is also taken in harvesting each accession at the right time, giving priority to the
shattering types. However, since the majority of the accessions we handle are landraces,
consisting of mixtures of populations, the harvesting time may not be the best for all the
types and this may have an effect on the longevity of the seeds in storage and possibly result
in unwanted natural selection.

Post-harvest handling, such as avoiding mechanical damage to the seeds during
threshing, and fumigation of seeds with phosphine to prevent weevil attack (a major
problem under our conditions), is carried out with care before the pre-storage processing
activities begin. Before storage samples are hand-cleaned for impurities, seeds are counted,
dried to 4-6% moisture content and hermetically sealed in aluminium foil bags for storage,
and this process is carried out as fast as possible to shorten the life of the sample in the pre-
storage condition. Both the active and base collections are then maintained at —10°C.

Since 1980, over 75 000 accessions have been regenerated for both seed multiplication and
rejuvenation purposes. With regard to germplasm distribution, during the past 10 years we
have distributed over 30 000 accessions of 25 crop species to various researchers in different
institutions. With the increasing demands for germplasm by researchers, at present
approximately 2500-3000 accessions distributed per year, we will have to continue
multiplying seeds to have sufficient amounts for utilization. The germplasm characterization
work is almost always combined with seed regeneration activities. So far over 70% of the
accessions (38 000 of 54 000) conserved in the Genebank have been characterized for basic
morpho-agronomic characters.
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Regeneration procedure in the Gatersleben genebank

C.-E. Specht, K. Hammer and E.R.J. Keller

The Gatersleben genebank consists of an integrated system which includes storage and
regeneration under one roof. The roots of this system can be found in the early beginnings of
the genebank. Initially, after genebank’s foundation within the Institute of Crop Plant
Research in 1943, the complete collection had to be regenerated each year (Hammer 1993;
Hammer et al. 1994). At that time seeds were stored only at room temperature.

In 1976, the establishment of new cold storage facilities improved storage conditions.
After that the regeneration rate declined permanently, and at present it amounts to 12%,
meaning that about 12 000 accessions are regenerated annually — the whole collection of the
Gatersleben genebank, including external branch stations, amounts to 100 000 accessions
(IPK 1995). Fortunately all the necessary cultivation can be done in Gatersleben itself or at its
four branches. Each year, 11 ha of land and about 0.5 ha under glass are used for planting
germplasm for regeneration. To minimize the risk of disease infection, every field is used
only once in a 10-year rotation system.

A good mixture of self- and cross-pollinating species is important, as well as the use of
isolation cabins or different glasshouses. Self-pollinators can be used for spatial isolation of
cross-pollinators: for example Secale spp. accessions, which need a distance of 100 m between
each other, are isolated by surrounding self-pollinators.

For regenerating cross-pollinating species, insect species such as Hymenoptera and
Diptera are used. Species of these families are useful to obtain an optimal seed set in crops,
especially in genera such as Allium, Apium, Brassica, Daucus and Raphanus. Further
investigations are necessary to find out which species are particularly useful and how to rear
them (Gladis 1992).

At Gatersleben, the principle is followed to split morphologically variable populations
within cross-pollinating species. This procedure is supposed to minimize the risk of losing
genetic information caused by genetic shift and drift within a population during ex situ
regeneration. At present 16 permanent employees and 10 seasonal workers are involved in
the regeneration work, compared to a staff of five persons working in the seed laboratory.
Labour force is the main problem in these two working groups.

For the regeneration of vegetatively propagated crops, in vitro culture has been
established at Gatersleben (e.g. Allium) and in the northern branch of the genebank (potato).

In the accessions stored as seeds, the key factors that determine the frequency of the
regeneration of a certain accession are:

« loss of viability

¢ too small quantity of seeds

e many requests for a given accession

« morphological characterization that is scheduled

¢ need to separate different lines of a given accession.

It is clear that the crucial factors for regeneration depend on the individual accession. The
quantity of seeds stored per accession is determined by the prevailing circumstances. It is not
possible to use more than one glass jar per accession, because in Gatersleben the storage
capacity is nearly completely occupied. One glass jar has a volume of 1 litre, so in case of
large-sized seeds (Vicia faba) about 4000 seeds are stored, whereas for small-sized seeds
(cereals), the quantity amounts to about 14 000. But genetic losses, which might be caused by
too small quantities of seeds, are reduced through the above-mentioned separation of lines.

All accessions of cereals and grasses are stored at 0°C in Gatersleben. The seeds of
vegetables, medicinal plants, ornamentals, oil and dye plants, legumes, etc. are stored at
—-15°C. Inside every glass jar there is a bag of silica gel, since it is not possible to control the
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Fig. 1. Hordeum ssp. — seed germination after storage at 0°C.
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Fig. 2. Avena spp. — seed germination after storage at 0°C.

air humidity in the cold storage room. Due to lack of space the accessions are not
differentiated into base and active collections.

A few diagrams give an impression about the influence of temperatures determining the
viability of different genera after storage. (0°C: Hordeum spp., Avena spp.; =15°C: Phaseolus
vulgaris, Allium cepa) (Figs 1-4). Fig. 5 shows five columns, each of which represents an
average of germination results from different harvest years of Allium cepa. Two columns
show a germination percentage of about 90% after a storage period of 15 and 17 years,
respectively. Three others have an average of about 60% after 16, 14 and 14 years of storage,
respectively. Compared to an average derived over the past 40 years, the weather in 1973
and 1976 was dry and hot. These years correlate with high germination results after long-
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term storage. Although there was only a slight difference in viability at the beginning, now
huge differences of about 30% appear. So it can be concluded that the weather conditions of
the harvest year strongly influence the quality and viability of seeds during the time of
storage (Keller and Specht 1994).

Another topic which has to be taken into account for the future is the elaboration of
methods on how to regenerate certain species. Fig. 6 shows the influence of different
temperatures on germination results in different subgenera of the genus Allium. Without
specific information on the most suitable germination temperature, seed regeneration within
this genus is extremely difficult (Specht and Keller 1995).
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Germplasm regeneration under the Indian National Plant Genetic
Resources System

B.B. Singh

Introduction

The origins of Indian agriculture date back to 2300-1750 BC and exhibit a great diversity of
farming systems and crops, with a multiplicity of biotic and abiotic stresses which, in their long
association with useful plant species, have resulted in the establishment of vast diversity. India
is a primary centre of diversity of crops such as rice, black gram, moth bean, pigeon pea, smooth
gourd, ridge gourd, pointed gourd, tree cotton, capsularis jute, jackfruit, banana, mango,
jambolan (Syzygium cumini), large cardamom, black pepper, several minor millets and
medicinal plants such as Rauvolfia serpentina and Saussurea lappa.

The introduction of germplasm in the distant past from the Mediterranean, African and
American regions has also significantly enriched Indian wealth in plant genetic resources
(PGR). The Indian gene centre developed as a secondary centre of diversity for African crops,
such as finger millet, sorghum, cow pea, cluster bean, okra, sesame, niger and safflower, and for
tropical American species such as maize, tomato, pumpkin, chayote or chou chou, chilli and
amaranth. In addition, the linkages and contiguity with the other regions of diversity, i.e. the
Indo-Chinese, Indonesian, Chinese-Japanese and the Central and West Asian regions, is largely
responsible for regional diversity of crops such as maize, barley, amaranth, buckwheat, proso
millet, foxtail millet, mung bean, chick pea, cucumber, bitter gourd, bottle gourd, snake gourd,
brassicas, rice bean, tomato, citrus, small cardamom, Saccharum, ginger, turmeric and tuber
crops, particularly yams, taros and bamboos.

To this day, India retains an extensive reservoir of ancient diversity in farmers’ fields in
many parts of the sub-continent, but especially in mountainous and tribal areas. However, there
is a constant threat to these priceless resources because of their replacement with high-yielding
modern varieties or destruction of their natural habitats.

Table 1. Active germplasm holdings at NBPGR centres

Station/

centre Holdings Major crops/crop groups

Delhi 38772 Cereals, legumes, oilseed, vegetables, forages, fruits, medicinal
and aromatic plants

Akola 28 552 Chickpea, pigeonpea, sorghum, groundnut, millets & small

millets, soyabean, safflower, sesame, lentil, amaranth,
horsegram, okra

Amravati 4839 Mungbean, rice bean, urad bean, sem bean, beans, sweet
potato, chillies, onion, garlic, fruits (grapes, pomegranate,
papaya, citrus)

Shimla 12 596 French bean, rice bean, soyabean, lentil, horse gram, minor
millets, pseudocereals, oil seeds, temperate fruits, ornamentals

Jodhpur 11 622 Guar, moth bean, mungbean, sesame, pearl millet, cowpea,
castor

Trichur 12 689 Paddy, horse gram, cowpea, finger millet, chillies, sesame, bitter

gourd, ginger, Curcuma, taro, okra, brinjal, cassava, Dioscorea,
Amorphophallus, Musa

Bhowali 5066 Wheat, maize, barley, lentil, beans, hill rices, alliums
Cuttack 1852 Paddy

Shillong 2006 Hill rices, maize, rice bean, root crops, fruits

Ranchi 2232 Paddy

Total 120 226

Source : NBPGR 1995.
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Table 2. Directory of National Active Germplasm Sites

No.

Crop NAG site accns

Wheat Directorate of Wheat Research, Carnal 132 001, Haryana 18 000

Rice Central Rice Research Institute Cuttack 753 006, Orissa 42 000

Maize Directorate of Maize Research, Indian Agricultural Research Institute, 2000
New Delhi 110 012

Barley Directorate of Wheat Research, Karnal 132 001, Haryana -

Sorghum National Research Centre for Sorghum, Rajendranagar, Hyderabad, 5160
Andhra Pradesh 500 030

Pearl millet All-India Coordinated Pearl Millet Improvement Project, College of -
Agriculture, Shivaji Nagar, Pune 411 005, Maharashtra

Small millets All-India Coordinated Small Millets Improvement Project, University of 8572
Agricultural Sciences, Bangalore 500 065, Karnataka

Pulses Indian Institute of Pulses Research, ICAR, Kanpur 208 024, Uttar 9310
Pradesh

Soyabean National Research Centre for Soybean, Indore, Madhya Pradesh 2500

Oilseeds Directorate of Oilseeds Research, Rajendranagar, Hyderabad 15629
500 030, Andhra Pradesh

Rapeseed & National Research Centre on Rapeseed & Mustard, Bharatpur, 8082

mustard Rajasthan

Groundnut National Research Centre for Groundnut, Timbawadi, PO Junagadh, 6432
362 015 Guijarat

Sugarcane Sugarcane Breeding Institute, Coimbatore 641 007, Tamil Nadu 3979

Cotton Central Institute for Cotton Research, PO 125, Nagpur 440 001, 6896
Maharashtra

Jute & fibres Central Institute of Jute & Allied Fibres, Barrackpore 743 101, 3226
West Bengal

Vegetables Directorate of Vegetable Research, Varanasi 221 005, 16 139
Uttar Pradesh

Potato Central Potato Research Institute, Shimla 171 001, 2375
Himachal Pradesh

Forages Indian Grassland & Fodder Research Institute, Jhansi 284 003, Uttar 6267
Pradesh

Spices National Research Centre for Spices, Marikunnu, Calicut 673 012, 2847
Kerala

Tobacco Central Tobacco Research Institute, Rajahmundry 533 105, 1500
Andhra Pradesh

Plantation Central Plantation Crops Research Institute, Kasargod 671 024, 307

crops Kerala

Medicinal & National Bureau of Plant Genetic Resources, New Delhi 110 012 375

aromatic

plants

Agro-forestry National Research Centre for Agro-Forestry, Indian Grassland & 40
Fodder Plants Research Institute, Jhansi 284 003, Uttar Pradesh

Fruits National Research Centre on Arid (Semi-Arid) Horticulture, Bikaner, 541
Rajasthan

Fruits NBPGR Regional Station, Phagli Shimla 171 004, Himachal Pradesh 454

(subtropical &

temperate)

Fruits Indian Institute of Horticultural Research, 255 Upper Palace Orchards, 13118
Bangalore 560 080, Karnataka

Citrus National Research Centre for Citrus, Seminary Hills, Nagpur 440 006, 51
Maharashtra

Fruits Central Institute for Horticulture for Northern Plains, Lucknow 226 016, 587

(Northern Uttar Pradesh

Plains)

Tuber crops Central Tuber Crops Research Institute, Sreekariyam, Trivandrum 3586
695 017, Kerala

Pseudo- NBPGR Regional Station, Phagli, Shimla 171 004, 3682

cereals

Himachal Pradesh
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The Indian PGR system

The Indian Council of Agricultural Research (ICAR) established the National Bureau of Plant
Genetic Resources (NBPGR) in 1976 for executing and coordinating PGR-related activities in
India. NBPGR has a network of 10 regional stations (Table 1) in the different agroclimatic zones
of the country and an active partnership with over 30 ICAR Institutes, National Research
Centers, All-India Coordinated Projects and State Agricultural Universities. These centres are
designated as the National Active Germplasm Sites (NAGS) and are responsible for evaluating
and maintaining the active collections of specific crops (Table 2). These NAGS form the major
source for supply of the germplasm out of their collections to the National Gene Bank (NGB)
under the Germplasm Conservation Division at NBPGR, for maintaining the base collections.
NGB also obtains germplasm of more than a dozen crops from various countries because of the
responsibility entrusted by IPGRI for maintenance of global and regional base collections of
these crops. The active collaboration with the International Agricultural Research Centers
(IARCs) also results in considerable exchange of germplasm, especially from the International
Crops Research Institute for the Semi-Arid Tropics (ICRISAT) in India and the International
Center for Agricultural Research for the Dry Areas (ICARDA) in Syria. Bilateral agreements
with countries have resulted in germplasm exchange with over 80 countries. These accessions
eventually find a place in the NGB through the Indian system. NBPGR, in collaboration with
crop-specific institutions, continues to collect germplasm in areas not previously explored.
These collections are regularly added to NGB and NAGS.

Indian National Gene Bank

The National Gene Bank (NGB), established at NBPGR Headquarters, New Delhi, installed the
first cold storage module of 100 m’ capacity in 1983, comprising two compartments, one
operating at 4°C and the other at —10°C. Since then, four more modules (two with 100 m® and
two with 176 m’ capacity) have been added. The total long-term storage capacity for over
200 000 accessions has thus been created. At present the NGB has in its base collections about
150 000 accessions (Table 3). Twelve new long-term storage modules with a capacity of 170 m®
each, operating at —20°C, and one medium-term module operating at +4°C, 35% RH, are being
procured under the INDO-US PGR project. By 1996, NGB wiill have a capacity for long-term
storage of over 1 million accessions. NGB can also safety duplicate germplasm from the South-
east Asian countries to ensure the long-term safety of the region’s PGR.

Considerations for regeneration

The main factor determining the frequency of regeneration in the NBPGR genebank is the
viability of the accessions. The NGB, which has the mandate of long-term conservation of base
collections, stores for each accession a minimum of 3000 seeds of self-pollinated and 6000 seeds
of cross-pollinated plant species with seed moisture content of 5£2%, in hermetically sealed
aluminium foil pouches kept at —20°C. The distribution requirements of seed are met from
NAGS where seed is stored at 5°C and 35% RH. At NAGS both factors, quantity of seed and
viability, determine the frequency of regeneration. In both categories, the accessions where the
quantity is reduced to 1/4 and viability drops to 75% are regenerated. The base collections are
regenerated when their viability drops by 10-15%. The quantity of seed produced through
regeneration is decided by the quantity required for distribution and to represent the genetic
variability of the sample. The seed quantity of the more promising accessions is higher and
reflects the anticipated greater seed requirement of these accessions.

Major constraints
The maintenance of a large number of collections at NAGS with limited resources and facilities,
particularly in tropical and sub-tropical climates, is a difficult task. This is more complicated for
the regeneration of cross-pollinated species where controlled pollination has to be practised.
Cold storage facilities are being developed at various active germplasm sites.
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Table 3. PGR conservation status in ex situ
repository of National Gene Bank at 30/09/95

Crop groups No. accns
Cereals and pseudocereals 63 822
Millets and minor millets 16 115
Oilseeds 21062
Pulses 25 527
Fibre crops 4592
Vegetables 7813
Medicinal & aromatic plants 179
Spices 67
Other crops 778
Released varieties (reference samples) 930
Safety duplicates (IARCs) 6722
Total 147 607

Seed longevity in storage
Efforts are made to harvest germplasm for conservation at optimal maturity, dried in shade and
gently processed to ensure maximum initial viability. The seed samples are dispatched to the
genebank for long-term conservation with minimum delay after harvesting. On receipt, the
seeds are kept in a short-term storage facility maintained at 20°C and 35% RH, and processed
quickly for their transfer to long-term stores.

At NAGS the curators are advised to store germplasm seeds in rooms with both low
temperature and RH. At sites where cold-room facilities are not available, the seeds need to be
dried (or even ultra-dried) and sealed hermetically to enhance their longevity even when stored
at ambient room temperatures. We have found the technique of ultra-dry seed to be effective,
based on our data on pearl millet, soyabean and onion seeds.

Management of seed collections in the Indian system

The genetic variability available in landraces, obsolete cultivars, released high-yielding
cultivars, parental inbred lines of improved hybrids, elite lines, donor lines with desirable traits,
and wild relatives of cultivated crops and vegetables, are conserved as base collections in the
NBPGR. Seed from recently collected germplasm or freshly regenerated seed with viability
above 85% is dried to 5+2% seed moisture content by keeping the seed in muslin cloth bags and
placing in a seed drier (15°C and 15% RH). When reaching the recommended moisture content,
seeds are packed in hermetically sealed and labelled tri-layered aluminium foil pouches,
arranged in plastic baskets and stored at —20°C at the NGB.

Research needs in regeneration

* For several plant species the number of accessions is enormous, and it is questioned whether
such a large number of accessions is essential to represent total variability. Techniques need
to be worked out to eliminate duplicates and to identify accessions with desirable traits.

« Methods for controlled pollination need to be standardized and practised while regenerating
the accessions of cross-pollinated species. Possibilities of forming genepools of
phenotypically similar germplasm of common geographic origin may be explored (Singh
and Jika 1987).

¢ Frequent regeneration of all the active collections may not be essential, as it may result in
genetic drift and shift. Active collections at NAGS may be maintained until thorough
characterization and evaluation are completed. Seed of these accessions has to be deposited
in long-term storage and the most promising accessions will be identified. Subsequently,
only the accessions required for frequent distribution and exchange should be maintained at
NAGS. Further research is needed to establish core collections.
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Simple and precise laboratory and field techniques need to be developed for characterization
and evaluation of germplasm, particularly to assess their potential for desirable traits.
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Regeneration of seed crops and their wild relatives — the Kenyan
experience

E.N. Seme, R.K. Wataaru and D.O. Nyamongo

Introduction

The need to conserve diverse genetic resources within a country and/or region has led to the
establishment of genetic resources centres in a number of countries or regions. It has become
increasingly evident, especially in the developing countries, that rapid changes in land use,
modernization of agriculture, deforestation, etc. have led to the rapid disappearance of
indigenous crops and landraces in these regions (Bouvarel 1970; Leon et al. 1979; Prescott-
Allen and Prescott-Allen 1982). Together with these, some weedy and wild relatives of
cultivated crops have also disappeared. Activities of humans, and natural disasters including
desertification, drought, floods, volcanic activity etc., have led to the extinction of some
species thought to be of low economic value.

Kenya has been no exception in the erosion and extinction of its diverse genetic resources.
As it is within a centre of origin of some of the small grain cereals, the disappearance of these
crops prompted the Ministry of Agriculture and the Government to seek funds for the
establishment of a national genebank. The Federal Republic of Germany gave the Kenyan
Government the technical and financial assistance to build this national genebank, which
became operational in 1987.

Seed viability and monitoring during storage

The viability of stored seeds has to be monitored by periodic germination tests. It is
recognised that the death of a proportion of the viable seeds in a population is inevitable
during storage (Ellis and Roberts 1984). Regeneration should be carried out either when
supplies are nearing exhaustion or when viability has dropped. The FAO panel recommends
regeneration when germination has dropped below the initial value by 5% (preferred
standard) or by 10% (accepted standard). Frankel and Soulé (1981) report that others propose
a 20% drop from the initial value, hence reducing the risk of losing genetic integrity as the
number of multiplication cycles is reduced.

At the Genebank of Kenya, the viability of accessions is determined upon receipt of
material, which is then monitored at intervals during storage. The genebank uses the
germination test to ascertain whether the entry is fit for storage. The 1975 FAO panel of
experts on plant exploration and introduction recommended a minimum of 80% viability for
storage acceptance. The genebank recommends a minimum viability of 85% for seeds to be
stored long-term. During viability testing, recommendations of the International Plant
Genetic Resources Institute (IPGRI) and International Seed Testing Association (ISTA) rules
are adhered to.

Seed viability is the primary factor whenever a decision on germplasm regeneration is to
be made. It is imperative that materials with very low viability are given first priority to
avoid losing them altogether. When the genebank became operational, most of the accessions
were received from research centres, and most were found to have very low viability. It was
necessary that funds should be solicited to enable immediate regeneration. When the
viability is so low that direct seeding may not guarantee a good stand, as was the case with
most grasses that we had to regenerate, pre-germination is essential. The pre-germinated
material is transferred to pots in a screenhouse or glasshouse before transplanting into the
field.

At times, accessions donated to the genebank are not accompanied with the
necessary information, such as viability status, genetic status, etc. A case in point is the
global collection of sesame received from the Hebrew University for duplication at the
Genebank of Kenya. The only information available was that the seed had been kept under
ambient conditions for quite a long period and hence the viability could be low.
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Furthermore, the sample sizes were not adequate to allow viability testing. During their
regeneration, in collaboration with IPGRI and the University of Nairobi, it was realised that
materials thought to be of low viability were actually highly viable. A lot of thinning had to
be done which may have amounted to some kind of selection. It was also noted that their
days to maturity were not uniform: some were early maturing whereas others were late.
After harvesting the early maturing accessions, the late maturing ones were left scattered
throughout the field that had to be maintained (irrigated) until they matured. Had there been
adequate information on their maturation behaviour, the field could have been laid out more
appropriately by grouping the late maturing together, to minimize costs.

Regeneration of plant genetic resources

Experience shows that it is not always possible to collect sufficient seeds per accession
during germplasm collecting. There is often a need to increase the sample size both for
conservation and distribution. In order to ensure an appropriate increase or rejuvenation, the
problems of loss of germplasm and/or loss of its integrity can be minimized by the correct
choice of sample size for multiplication or rejuvenation in the appropriate environment.
Attention should also be given to the breeding system and other factors (Singh and Williams
1984).

Sample and plot size

The loss of genetic integrity of an accession should be controlled as much as possible. The
sample size to be planted will determine the size of the plot. The right size of plot should be
chosen where the seed sample size is not limiting.

When many multiplication cycles are required to obtain sufficient seed for conservation,
each multiplication cycle may affect the genetic composition of the original accession, by
altering frequencies from one generation to another or by the loss of alleles. The influence of
random genetic drift and natural selection are the main factors for these losses or changes.
Burton (1975) concluded that it is difficult to advance germplasm pools through several
generations without losing genes or having gene shifts. A comparison of the last generation
with the first in six different germplasm accessions of pearl millet showed that advancing
germplasm of this species narrowed phenotypic variability, lost genes and obscured some
characters, with the population then appearing to be more uniform. The bigger the plot size
the better the representation of the original accession in the field that is obtained, and from a
certain size onwards random genetic drift can be neglected. The lower the number of
multiplication cycles the less is the cumulative effect of natural selection. Therefore, the
frequency of multiplication should be kept as low as possible when the seed population size
is small (Singh and Williams 1984).

Appropriate multiplication environment

Multiplication in the appropriate environment, i.e. selecting sites that are ecologically
comparable to the original collection sites, will also minimize the effect of natural selection.
When genotypes or populations of plants are grown in an area different from where they
were collected, either in a country or worldwide, it is found that the scope of natural
selection will be greatly increased (Frankel 1970; Esser 1976; Raven 1976; Frankel and Soulé
1981).

Breeding system

During the multiplication of cross-fertilizing crops, strict isolation measures are deemed
necessary to avoid pollen contamination. Outcrossing might be negligible in self-pollinating
crops. Apomictic species also present no problem of isolation. Examples include Hyperrhenia
spp., Brachiaria brizantha; Brachiaria decumbens, Cenchrus ciliaris, etc. During regeneration,
these are normally grown together without any fear of contamination through crossing.
However, minimal isolation is necessary to avoid mixing of seeds in case the plots overlap.
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Growing different accessions of the same species in close proximity without any isolation
may facilitate hybridization and loss of genetic identity in the seed harvested from the
accessions (Leon et al. 1979). Isolation is mainly achieved by selfing as many plants as
possible, or sibbing as in the case of maize using paper bags. Temporal isolation can be
practised on the perennial forage grasses. By cutting back, the plots of different accessions
are maintained at different stages of development, hence assuring that where crossing is
minimal only distant accessions are at the same phenological stage, say flowering or
heading. Isolation plots, bagging or cages are some of the measures for controlling inter-
accession pollination (Singh and Williams 1984), where bags cover one head or a branch and
cages cover a whole plot.

Crop rotation

Contamination in the field can occur by planting germplasm of a given species where
another crop of the same species was grown the previous season. This calls for rotation of
different species over seasons in a given area of the field.

Other considerations

For forage grasses there could also be contamination by planting grass accessions in virgin
land where the grass weeds could be of the same species as the accession planted. It will be
difficult to distinguish between the planted accession and volunteers, leading to harvesting
the wrong material and thus introducing new genetic variation into the known accession.

Preparation for planting normally starts in the office where the list of germplasm to be
included in the multiplication programme is drawn up. Accessions are sorted depending on
the species and the ecological sites where they will be sown. The samples are packed in
suitable envelopes and packed according to the site. This eliminates confusion and the
possibility of sending the wrong materials to a given site.

Sowing in the field generally follows the agronomic requirements of the crop. Proper land
preparation, field/plot markings and sowing also depend on the crop. It is recommended
that during sowing, where the seeds are drilled into the furrows, a low seed rate should be
used. A high seed rate would bring about thinning which can be a type of selection, hence
losing some of the genetic material in the accession. Fertilizer application and timely
weeding are recommended. Chemical control of pests/diseases should be applied as a last
resort. Roguing or cutting off the infected plant parts should be the first step before resorting
to chemical control.

Accession size

Genebanks have set the required seed number for long-term storage. The seed amount of a
new accession is checked by weighing all the seeds. Some genebanks store 2000 seeds for
genetically homogeneous populations such as self-pollinating species, inbred lines and
cultivars produced from crossing inbred lines. For the genetically heterogeneous material,
8000 seeds are required. The Genebank of Kenya stores 4000 seeds for the homogeneous
populations, and 12 000 seeds for the genetically heterogeneous populations. Sub-samples
for germination tests and exchange are required, and these are in addition to the accession
size.

Maximizing seed longevity in storage

Growing conditions

To achieve high initial viability of the seed, it is important that infestation of the materials by
pests and diseases during growth is minimized. This is ensured through spraying crops in
the case of severe attacks. Early planting is also encouraged, not only to minimize the attacks
but also to ensure a good crop by making maximum use of the rains. Irrigation facilities have
been established in four sites where rains are most unreliable. It is also important to have
materials harvested in time and delivered to the genebank for processing without delay.
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Processing
If not properly conducted, seed processing can be very detrimental to the seed. To minimize

damage to wet seed, accessions are normally pre-dried before threshing and/or cleaning.
Machine threshing is used only for those species that can withstand the machine pressure,
e.g. Eleusine, and when materials are in bulk. Otherwise, hand threshing and cleaning are
encouraged particularly for delicate species such as Phaseolus vulgaris and Ricinus communis.

Seed moisture content and drying

Two types of moisture are involved in seed conditioning. One is moisture occurring on the
outer surface, which the air readily absorbs under dry atmospheric conditions. The other is
internal moisture which is distributed throughout the inner parts of the seed. Removal of
internal moisture involves the diffusion to the surface of seed where evaporation can take
place. A low seed moisture content of 5+1% and low temperatures are the two preferred or
desirable conditions for storage. It has been pointed out by Roberts and Ellis (1984) that the
viability period is increased by a given factor for a given decrease in temperature or moisture
content.

The higher the seed moisture content, the lower the drying temperature must be, and
consequently more time is needed to reach the desired condition. The genebank uses the cool
drying method with a drying temperature of 20°C and a relative humidity of 15%. The size
of the drying room is 19 m’. The seeds are dried for between 2 weeks and 1 month
depending on the initial moisture content of the seed sample and the species. This method is
less damaging to seed with a high initial moisture content, because the enzyme systems
within the seed are sensitive to damage when in a fluid state and can be destroyed rapidly
by heat if drying is done under high temperatures (WPBS 1978). Seeds subjected to moisture
or temperature extremes during processing may also exhibit reduced viability thereafter
(Ford-Lloyd and Jackson 1986).

The genebank has set a standard for seed moisture content for long-term storage as 3-6%
depending on the species. Seeds are put in cloth bags, placed on shelves in the drying room
and allowed to dry to the desired moisture level. Moisture content is monitored frequently
during drying until the correct percentage is reached.

Seed packaging for storage

One of the preferred or desired conditions for long-term storage of seeds other than low
temperature and low moisture content is the storage of seeds in air-tight containers. These
may be in the form of glass vials, metal cans or laminated aluminium foil packets.

The seed samples already dried to the required moisture content are placed within these
containers and then sealed. The Genebank of Kenya uses laminated aluminium foil packets
for the storage of seeds. The sealing operation is carried out in the seed pre-drying unit
which has similar temperature and RH conditions to the drying room, thus the chances of
the seeds re-absorbing moisture after drying are reduced.

Seed storage facilities in the Genebank of Kenya
The design and construction of seed storage facilities are important and have to take into
account specific technical details. Financial constraints are the limiting factors to the amount
of material that any genebank curator can manage, but it is important for the collection to be
large enough to satisfy breeders' requirements or to represent adequately the variability of
the crop species in question (Chapman 1984).

Apart from low moisture content, low temperature is preferred for conservation, and
IPGRI has recommended that after seeds are placed in sealed containers they should be
stored at —18°C or lower. For storage of seeds on a small scale, domestic deep freezers are
quite adequate (Ford-Lloyd and Jackson 1986) and the seeds should be pre-dried and kept in
any of the recommended sealed containers. Other forms of storage facilities are controlled
temperature rooms or cold rooms. The Genebank of Kenya has two cold rooms of 75 m® kept
at —20°C for long-term seed conservation.
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The tasks of conserving base collections and active collections are divided between the
genebank and the research stations: the genebank handles base collections while the stations
handle active collections. It is the responsibility of the plant breeders to maintain and
regenerate the latter. Breeders come to the genebank only to replenish their stock or for new
germplasm. This is to reduce the number of regeneration cycles, as the base collection will
only be touched when viability is reduced.

Constraints

Facilities and costs

The National Genebank lacks facilities such as a glasshouse, pollination cages, irrigation
facilities and vehicles. Glasshouses are particularly essential when handling materials with
very low viability that need to be nursed under a controlled environment. Pollination cages
are important for outcrossing species such as cucurbits. The vehicles available are old and
expensive to maintain and cannot withstand the harsh environments normally visited both
for germplasm collecting and regeneration. There is no adequate finance to cater for the
above requirements. There is also a problem of cash flow: funds may not always be available
at the beginning of the season or when most required. The inability to pay for field labour on
time tends to affect the output.

Trained personnel

There are not enough trained staff for all our regeneration sites. Cash flow problems and/or
inadequate funds make it impossible to fulfil the need for regular visits by genebank staff to
those sites with inadequate personnel.

Regeneration environments

The regeneration sites are well distributed and take care of all the agroecological zones
needed. In some of the sites however, rainfall is not dependable and irrigation facilities are
either lacking or not reliable due to their condition. As a result, crop failures are occasionally
experienced.

Remedial options

In regenerating materials with very low viability, a screenhouse is used to provide a
controlled environment. However, this needs urgent rehabilitation. As for contamination,
bagging is used to avoid outcrossing. Spatial and temporal isolation are also used. Borrowed
vehicles are occasionally used to cover some trips to the regeneration sites. Our collaborators
such as IPGRI and other Kenyan Agricultural Research Institute (KARI) Research stations
regularly come to our rescue in times of emergency.

In all genebank operations, the users of germplasm, i.e. the research community, are
involved. The regeneration activities are therefore undertaken in collaboration with other
KARI scientists, usually breeders. Where applicable, this collaboration tends to minimize the
constraint of insufficient trained personnel.

Further research on germplasm regeneration
The following activities are identified as priority areas for the Genebank of Kenya:
« effects of sun drying on seed longevity in the tropics
« minimum quantities/sample sizes necessary to cater for all possible genotypes in
populations
« the possible occurrence of genetic variation during storage
¢ the inability of stored materials to adapt to the ever-changing environment.

The funds available to run the cold rooms are inadequate, and other techniques which
will not affect the variability and longevity of seeds need to be explored. The technique of
ultra-drying seeds and how it could relate to storage of seeds at ambient temperature should
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be investigated, especially for short- and medium-term storage. This way the funds for
running the cold stores for medium-term storage could be used for other purposes.

The current 85% viability requirement for storage is ideal for most crops, especially for
cereals, but is difficult to achieve for some species, including Panicum maximum, Chloris
gayana and most grasses. More investigations need to be carried out in order to come up with
lower but suitable storage viability requirements for these crops.
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Seed regeneration practices at the National Plant Genetic Resources
Laboratory, Philippines

Nestor C. Altoveros

The National Plant Genetic Resources Laboratory (NPGRL), which operates the national
genebank of the Philippines, is a component division of the Institute of Plant Breeding (IPB),
University of the Philippines at Los Bafios (UPLB). It maintains germplasm of 225 crop
species as seed. Its collections were assembled through collecting expeditions in the
Philippines, through germplasm exchange with genebanks, agricultural research centers and
private seed companies, and through breeding lines and genetic stocks given by the plant
breeders of the IPB.

Regeneration of seed germplasm is carried out in the experimental fields of the institute
when initial seed stock is sufficient, or in pots when seed quantities are limited. The number
of plants grown for regeneration depends primarily on the initial seed quantity. If the latter
is not limiting, 48-96 plants are grown in the field, depending on the amount of regenerated
seed needed and the fecundity of the species. In many instances, especially when the initial
seed stock comes from seed requests, seed quantities are low and regeneration is then carried
out in pots.

Pollination control is done on outcrossing and predominantly cross-pollinated species
through any of the following methods: use of isolation nets, bagging and clipping.
Pollination is done either by hand or by the use of insect pollinators.

The decision to regenerate germplasm accessions depends equally on the viability and
quantity of seeds held in store. The decision criteria used are as follows:

« regenerate newly arrived collections with very few seeds immediately — testing for
percentage germination is not an option;
¢ test for percentage germination of newly arrived collections with sufficient number of

seeds, regenerate if germination is below 85%;
¢ for accessions already maintained in the genebank, regenerate if quantity falls below 1000

seeds or when germination falls below 85%.

The amount of seeds maintained is dictated by the following factors.

¢ Breeding system of the species — the target numbers of seeds are as follows. For base
collections: at least 3000 for inbreeding species; at least 8000 for outbreeding or
predominantly cross-pollinated species. For active collections: at least 6000 for inbreeding
species; at least 16 000 for outbreeding or predominantly cross-pollinated species.

¢ Fecundity of the species/accession. It takes longer to make up the quantities of seeds
desired for certain species (e.g. Arachis, Psophocarpus, Momordica) and certain accessions in
a species due to the limited number of seeds produced. This problem is further
aggravated by the smaller number of seeds produced when bagging and hand pollination
are practised (e.g. in Zea mays, Luffa, Momordica). The problem is also acute in the case of
accessions which suffer from inbred depression.

¢ The rate by which seed stock is depleted. Seeds of certain accessions are more frequently
requested, so larger seed quantities are planned for often-requested accessions.

Initial viability of the accession is optimized by:

« practising pest and disease control to ensure a greater proportion of healthy seeds upon
harvest;

¢ harvesting at the proper stage;

* proper drying of seeds — prior to this year, seeds were dried at 22°C using silica gel.
Beginning this year, seeds are dried in a drying room at 15°C and 20% RH;

¢ manual processing of seeds at the proper moisture content to minimize damage.
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Viability during storage is optimized by maintaining the seed moisture content at 3-6%
depending on the species.

The national genebank maintains base and active collections of germplasm. Long-term
and medium-term storage facilities are kept at —20 and 0°C, respectively. The main impact of
maintaining two types of collection is on the sample size during regeneration. Procedures for
optimizing initial viability are similar for materials to be stored under medium- and long-
term storage.

Issues that may need further research when regenerating germplasm include:

« procedures for regeneration of predominantly cross-pollinated species, e.g. determination
of the proper sample size, pollination controls, consequences of treating the materials
either as inbreeders or as outbreeders;

¢ breeding behaviour of lesser-known species;

« variation in the breeding behaviour of accessions within the same species.
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Genebank management of Turkey, with emphasis on regeneration and
multiplication

Ayfer Tan

Introduction
In agricultural history, Turkey, a centre of origin and diversity of many crop species, is a
cradle of crop domestication and agriculture. In more recent times, Turkey was selected to be
home of the first internationally supported regional centre commissioned to work
specifically on plant genetic resources (PGR). In 1964, the Crop Research and Introduction
Centre-Izmir (CRIC), now the Aegean Agricultural Research Institute (AARI), became one of
the first agricultural research institutes created by an international agreement between the
Turkish Government and FAO. Its mandate was to collect, conserve and research PGR from
the South-west Asian region. These activities were conducted at CRIC until the project was
terminated in 1974. In 1976, the studies were reorganized within the framework of a National
Plant Genetic Resources Research Project (NPGRRP). The objectives of the NPGRRP are
exploration, collecting, conservation (both ex situ and in situ), and documentation and
evaluation of existing PGR and diversity in Turkey. Since 1964, collecting has been carried
out for ex situ conservation in seed and field genebanks. Building on its historic background
in PGR, since 1993 Turkey has moved forward to the in situ conservation of genetic diversity.

Seed conservation
Turkey uses international standards for ex situ seed conservation. The national genebank is
located at AARI. Duplicates of the base collection will be stored in Ankara at the storage
facilities of the Central Field Crop Research Institute (CFCRI). At AARI Genebank-Izmir,
there are three types of storage facilities: cold rooms maintained at -18 to —20°C for long-
term and at 0°C for medium-term storage. There are also temporary storage facilities at 4°C.
There are two types of collections: base and active.

The base collection is for long-term conservation where the seeds are stored at 3-6%
moisture and at subzero temperatures (-18 to —20°C). The seed stored in the base collections
is not used for seed distribution purposes.

The active collection is for medium-term conservation where seeds are stored at 0°C
under controlled relative humidity conditions. These collections are used for regeneration,
distribution and characterization/evaluation.

Temporary storage facilities are also available at the AARI Genebank for accessions which
contain less than the required quantity of seeds for storage and need regeneration. Storage
facilities have been constructed in Ankara for the safety duplication of base collection
accessions.

The first task at the genebank is the preparation of material for storage. This process
includes threshing, cleaning, health inspection, drying, viability testing, quantity
measurement and packing. These activities are the same as at most genebanks. At the AARI
Genebank, material is always processed as quickly as possible for immediate conservation, in
order to minimize the loss of viability of accessions. In order to fulfil the simultaneous
demands of conservation and distribution, several factors are taken into consideration when
deciding on the quantity of seed needed per accession. The preferred standard is 4000 seeds
for homogeneous accessions and 12 000 for heterogeneous accessions. Normally, a sample is
held in long-term storage as part of the base collection and the remainder of the seed is kept
as a safety duplicate in long-term, and as active collections in medium-term storage. The
latter is for distribution and use. For the routine operation of the genebank, seed quantities
are also considered for seed moisture testing, initial viability and viability monitoring tests.

A small amount of seed per accession is needed for moisture content determination, and
200-400 seeds are required for the initial viability test. Further samples of at least 200 seeds
are required for each subsequent monitoring test during storage. Additionally, at least 400—
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500 seeds would be retained for regeneration (more for genetically heterogeneous
accessions). Additional seeds will be required to replenish losses from the active collection or
for supply where no active collection exists, especially for the wild species for which small
quantities of seeds are collected. Hence, larger sample sizes are suggested for heterogeneous
accessions, even though 100 seeds for distribution are considered satisfactory. However, for
different reasons the targeted amounts might not be achieved, especially for wild species.

Although there is no quantified evidence on a constant relationship between laboratory
germination percentage and field emergence, some species, especially wild ones, show low
emergence in the field. Therefore in the genebank this is taken into account in the size of seed
sample to be sent to users.

The viability of all accessions needs to be determined on receipt, and then monitored at
intervals during storage. International standards for testing the viability of accessions and
moisture content are applied. This monitoring produces a considerable workload because of
the large number of accessions stored in the genebank. At present, monitoring tests require a
sub-sample from the accession in the genebank and its testing. Depending on the result
obtained, a decision is made to either maintain the accession in store until the proposed date
of the next monitoring test (5-year interval for active collection and 10-year interval for base
collection) or to regenerate. The critical level of viability is 85% for initial viability. However,
for some wild species a lower level is accepted, according to the uniqueness of the accession.

Seeds are dried before storage. The conditions of the drying room are set to work at 15%
RH and 20°C.

Regeneration

Regeneration and multiplication are important tasks of the AARI Genebank. Therefore the
viability and quantity of the stored materials are always being monitored. The
regeneration/multiplication is done through collaboration with the breeding programme.

The viability determines when to regenerate an accession at the AARI Genebank. The
highest priority is given to accessions with the lowest seed viability and low quantity. The
second priority is given to accessions with low viability but with high seed quantity, and the
third to accessions with high seed viability but little quantity. During monitoring, the
number of regeneration cycles is taken into account since genetic changes are accumulative
over cycles. Generally, accessions from the active collection are used for regeneration,
unless the active collection itself needs replenishing. Then the seed sample is drawn from the

| Original seed accession |
U
Quantity checking
Initial viability testing

U U U
<4000/12000 >4000/12000 >4000/12000
<85% >85% <85%
U U U
Regeneration U Regeneration
U U 0 U
= = Base collection = Active collection
U U
U 0 U = Distribution
U U
Viability Viability monitoring Quantity checking
monitoring
= y a U

Regeneration

Fig. 1. Regeneration system of the AARI Genebank.
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base collection. The regeneration system is shown in Fig. 1.

Loss of diversity from original accessions can be caused by various factors: wrong choice
of sample size, regeneration in an unsuitable environment, lack of attention to the breeding
system, and/or reproductive mode of the species, etc. To overcome these problems and to
keep the original population or genetic structure of the accession, these factors as well as the
required infrastructure plus growing and restoring costs are taken into account while
planning AARI activities.

Since the Turkish genebank handles different types of genetic resources, i.e. cultivated,
wild and weedy material, and a wide range of species, different strategies and methods of
maintenance are applied. The policies on use of genetic resources material and distribution
rely on the viability and quantity of material.

During regeneration the following considerations are taken into account:

* initial viability

e sample size

* population/genetic structure of accession

¢ breeding system of species

« life cycle

¢ similar environment to original collecting site
¢ pollination requirements

« number of regeneration cycles.

The following research needs have been identified: study of breeding systems and
reproductive modes of some wild species; pollination requirements; and number of
regeneration cycles per accession to maintain the genetic integrity of accessions.
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The regeneration of temperate forage grass germplasm at IGER, UK

K.H. Chorlton

Introduction

The Plant Genetic Resources Unit (PGRU) at the Institute of Grassland and Environmental
Research (IGER) was formed in 1964. One of the main objectives of the PGRU is to collect
and characterize forage grasses to provide contrasting material for studies of population
genetics, cytogenetics and plant physiology, in addition to providing 'elite’ populations for
variety production. Initially PGRU concentrated on the provision of material for breeding
programmes, and the accessions collected and stored in the genebank in the first 3 decades of
operation reflect this. The present remit of the PGRU takes a broader approach but still
maintains a close working relationship with breeders at national and international levels.
The remit is to assemble a collection that contains a full range of genes present in the species
in the greatest feasible diversity of combinations, and to maximize the genebank’s value for
present and future uses.

Ecogeographical studies are carried out to predict where to collect novel genes, and a
number of species are collected from a broad range of diverse habitats (Chorlton et al. 1994).
The PGRU maintains a collection of over 10000 documented accessions as seed in the
genebank. The accessions consist of populations of forage grasses and legumes and their
associated rhizobia, collected on expeditions throughout Europe and North Africa. As well
as ecotypes, landraces and wild populations from expeditions, the genebank also contains
advanced cultivars and breeding lines.

The major species in the genebank are Lolium perenne L., L. multiflorum Lam., Festuca
pratensis Hudson, F. gigantea (L.) Vill., F. arundinacea Schuber, Dactylis glomerata L., Trifolium
repens L. and T. pratense L. The PGRU is represented on the International Plant Genetic
Resources Institute (IPGRI) European Cooperative Programme on Crop Genetic Resources
Networks, Forage Grass Section. The PGRU has particular responsibility for the European
databases on L. perenne, L. multiflorum and T. repens, and is taking a major role in establishing
the L. perenne ‘core' collection.

Breeding system of forage grasses
The wind-pollinated, perennial forage grasses are outbreeding. Populations contain large
amounts of genetic variation, and selection and drift change their genetic composition. There
is a vast array of adaptations to various combinations of climatic, edaphic and biotic factors.

Regeneration scheme
Regeneration of original collections of seed or plants, and of accessions already stored in the
genebank as seed, is undertaken. An adequate supply of high quality seed is needed for the
initial evaluation and characterization phase, breeding programmes, research, seed exchange
(seed from medium-term storage) and future activities (seed from long-term storage). The
regeneration scheme is summarized in Fig. 1.

Collecting (July—August)
The collecting technique influences the method used in the initial regeneration. The objective
of collecting is to obtain as representative a sample as possible. Seed and vegetative sampling
techniques are used.

Collecting seed

Seeds are collected where the reproductive phase has been allowed to develop unhindered
(e.g. hay meadow, hedgerow, ungrazed areas, etc.). Approximately 100 heads, randomly
distributed over the site, are collected, taking one head per point to ensure equal genotypic
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Seed Vegetative

v v

Laboratory (July—September) G+erminati0n | +
Glasshouse (July—-December—March) Induction <+ Quarantine
Crossing house (April-July) Istlation
Glasshouse (May—September) Btgging
Drying area (June—September) Harvesting
Field laboratory (August—December) Germination test
Laboratory (December—March) Sted storage
Worldwide Exchange

Research

Breeding

Fig. 1. Regeneration scheme.

representation and with at least 10 m between points to avoid duplication. The seed heads
are bulked unless a mixture of ploidy levels is suspected (Chorlton et al. 1978). This a quick
process, seed is easily maintained during the expedition, and the bulk is low. Seed collection
is biased towards the selection of flowering genotypes, is impossible on grazed swards, and
is limited by season. A seed collection does not require quarantine on return to IGER.

Collecting vegetative material

Vegetative material is collected when sampling perennial, mainly asexually reproducing,
populations. Approximately 25-30 vegetative units (divots) are collected, the same
considerations of random distribution and sampling being used while collecting seed. A
vegetative collection avoids bias toward sexually reproducing genotypes and is not limited
by season. This method is slow and samples are bulky and difficult to maintain during the
expedition. Such a collection requires quarantine on return to IGER (Chorlton et al. 1978).

Laboratory and quarantine glasshouse (July—September)
The seed collection is threshed and cleaned. Approximately 100 seeds per population are
sown either into compost in a glasshouse or onto damp filter paper in an incubator,
depending on seed quality, species and previous experience. Thirty seedlings, taken at
random, are potted on into progressively larger plastic pots up to 12 cm diameter.

The vegetative material collected is allowed to recover in quarantine. The quarantine
house is an insect-proof, sectioned glasshouse ventilated with filtered air. The divots are
monitored by an IGER pathologist and, where necessary, may be sprayed with insecticide
and fungicide. The divots are cleaned and stripped to one tiller per divot and planted into
plastic compartment trays of compost. As the tillers grow they are potted on into
progressively larger pots up to 12 cm diameter. This ensures that the populations consist of a
finite number of different genotypes.
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Glasshouse and quarantine glasshouse (July—mid-December)
When collections are made between July and August from western Europe, germination of
seed collections and subsequent growth of seedlings and tillers derived from divots occurs in
September—November at IGER. There is a progressive shortening day-length intensity, and it
is necessary to use supplementary light, heat and nutrients so that sufficient growth has
occurred to enable the plants to be given conditions for floral induction. Optimal growing
conditions must be provided to avoid loss of individual genotypes.

Glasshouse and quarantine glasshouse (mid-December—March)

Any supplementary heat and light is removed by mid-December to support the short day
length and low temperatures required for floral induction. The aim is to have plants of
sufficient size, hardened and placed outside under natural day-length and temperature
conditions by mid-December. In practice this is impossible. A vegetative collection must
remain in the quarantine glasshouse and plants derived from seed collections may need
protection over winter, especially if they are from warmer regions, in order to avoid
differential kill.

In March, the plants derived from seed and vegetative collections are repotted into 15 cm
diameter plastic pots.

Crossing house (April-July)
The aim is to produce maximum vyield of high-quality seed from each genotype in the
population. Populations are placed in separate crossing houses just before the onset of
anthesis and remain in there until 18 days after peak anthesis.

The isolation houses are approximately 1.4x1.2m (floor area), adjacent units of
conventional aluminium and glass construction. Each sealed unit is pollen-proof, air-tight
and water-tight. Fan-blown, filtered air (to remove ‘foreign' pollen) is ducted into the
chamber across the plants and out of the chamber through a filter in the door. This maintains
a positive air pressure in the chamber. The rate of air change is about 60 changes per hour,
which is increased when a second fan cuts in at a thermostat setting between 15 and 20°C.

Water is supplied by capillary action using matting which draws water from a central
channel containing a perforated plastic water pipe and a fibre-glass wick. The progressive
repotting of the plants through to March encourages root growth through the drainage holes
in the base of the plastic pots. This is essential for the uptake of water from matting.

The population is placed on the matting in a roughly square block with the pots touching
each other. This gives a spacing of approximately 15 cm between plants. Tall, well-grown
plants are supported by canes pushed into the sides of the pots and loosely tied to the canes
by plastic-coated wire.

Glasshouse — bagging (May—September)

At IGER there are heavy demands for space in the crossing houses. The aim of bagging is to
achieve a rapid throughput of populations. The populations are observed on a daily basis in
the crossing houses so that the date of peak anthesis can be noted. At peak anthesis plus 18
days, each individual genotype has a labelled pollen-proof bag placed over the heads. The
bag is secured around the stems to prevent ingress of foreign pollen and loss of seeds. The
bag is of light-weight, permeable paper and is attached to the cane already supporting the
plant. This operation is carried out in the crossing house. The bagged plants are then moved

Population of 30 genotypes (vegetative collection)

GENOTYPES
v U U
(R—— 30

(labelled packets)
Fig. 2. Moisture content sub-sampling.
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to a standard greenhouse or suitable holding area where they can be watered and protected
from the weather and from damage caused by insects and birds.

Drying area — harvesting (June—-September)

The aim is to harvest heads with fully set seed and then to dry the seed heads ready for
threshing. The bagged heads are cut 10 days (minimum) after bagging and the bags of
seed heads stored in dry atmosphere. Sufficient stem is left on the heads to allow for ease of
handling in the threshing operation and the bags are opened to allow air to circulate. The
labelled bags are kept together as population groups (usually 30 bags) and hung up in the
greenhouse to dry under ambient conditions. A well ventilated greenhouse is used, rather
than forced drying.

Field laboratory —threshing (August—-December)
The aim is to obtain clean, high-quality seed from each plant and to maintain the identity of
the individual genotype seed throughout the process. The seed heads are pounded by hand
in order to shake most of the seed loose, and then mechanically threshed to remove the
remainder of the seed. The sample is then hand-sieved to remove dust, debris and broken
stems, and put through a column-blower at a predetermined setting to separate out light
seed and chaff.

Laboratory/genebank — germination test and seed storage (December—March)
The aim is to store dried seed of known viability. Labelled seed packets (permeable manilla
envelopes with a sealable flap) are used to store the seed from the threshing process. These
packets are placed in drying cabinets (air-tight perspex boxes) containing silica gel straight
after threshing, and remain in the cabinet until storage.
Each accession consists of approximately 30 genotypes, each as separate, labelled packet
of seed. When seed is dried to 5% moisture content, sub-sampling is carried out as in Fig. 2.
Each seed packet is sub-sampled:
¢ female plant seed (one seed up to a maximum of 0.50 g) — into long-term storage (30
packets)
¢ balanced bulk seed (1.0 g up to a variable maximum) — into medium-term storage (one
bulk packet)
¢ unbalanced bulk seed (whatever is left over) — into medium-term storage (one bulk
packet).

When possible, sub-sampling is done by seed weight after weighing each genotype seed
lot to ascertain the lowest genotype seed weight and the range. When individual genotype
seed lot weights are very low, it may be necessary to count female plant seed and accept very
low weight balanced bulk based on the lowest seed weight genotype.

The balanced bulk seed lot is used for the germination test. If there is a very low seed
weight in the balanced bulk then the unbalanced bulk seed lot is used for the test. The test
consists of two replicates of 50 seeds per replicate, germinated at 20°C constant on damp
filter paper in plastic repli-dishes in a laboratory incubator.

The dried, sorted seed of known germination is stored in moisture-proof foil-laminate
packets in the genebank. The 30 individual packets of female plant seed are stored in one
large foil-laminate packet in long-term storage at —25°C in commercial deep-freeze cabinets.
The balanced bulk seed lot and the unbalanced bulk seed lot are stored in separate foil-
laminate packets in medium-term storage at 0+2°C in the IGER main seed store.

Conclusions
The genebank originally developed within the plant breeding station, and earlier expeditions
set out to collect material for utilization in plant breeding programmes. Expeditions went to
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regions chosen on the basis of macro-climatic and agricultural management practices to
collect semi-natural populations with specific adaptations and growth attributes (Tyler and
Chorlton 1978).

Original regeneration scheme

The regeneration scheme evolved to produce (i) seed for initial evaluation and
characterization, as well as supplying breeders and research workers; and (ii) seed for long-
term characterization. All seed heads were harvested together and the seed was treated as a
bulk. Some seed (10 g) was placed in long-term storage, and the rest of the bulk was placed
in medium-term storage to supply all current needs. The requirements of evaluation
(approximately 30g for L. perenne), breeding, research and seed exchange of popular
accessions required further regeneration and this was done from the bulk in medium-term
storage.

Current regeneration scheme

The regeneration scheme described in this paper aims to satisfy the needs of breeding,
associated research and seed exchange via its medium-term store, and the need to conserve
as much genetic information as possible via its long-term store. This is achieved by separate
bagging, threshing and storage of individual genotype seed lots and the production of
balanced and unbalanced bulks. The original bulk method of regeneration could be
undertaken by PGRU staff from collection in July/August to seed storage by
November/December, whereas the present scheme occupies the period from July/August to
February/March. If further regeneration is required then seed is used from the female plant
seed lots in long-term storage.

Frequency of regeneration
The quantity of seed left in the genebank is the predominant factor governing the decision to
regenerate accessions. If any accession falls below 5.00 g combined weight of balance plus
unbalanced bulk in the medium-term storage, regeneration is required. In practice, the
PGRU regenerates approximately 150-200 accessions per year, every other year including at
least 100 'new" accessions obtained from expeditions. If there are more accessions of less than
5.00 g in the genebank than there is isolation space available, then priorities are assigned on
the basis of species, demand (is it a popular line with genebank users?), and the current
programme of research. For example, the establishment of a European L. perenne core
collection has led to a major regeneration programme of the early collections of UK L. perenne
accessions.

The viability of accessions in the genebank is tested only when material is used for
regeneration or research. Time and staff are not available to run comprehensive viability
tests as matter of course.

Quantity of seed per accession

The quantity of seed per accession is dependent on the number of genotypes collected per
population. A population of one genotype is the lower limit and a population of 25-30
genotypes (in a vegetative collection) is the ideal number. The system of regeneration
described will produce an average yield of 5.00 g of seed per genotype for L. perenne, giving
yields per population of 5.00 g minimum to 150 g maximum.

Material collected on expeditions is evaluated and characterized, and this requires 25-36 g
seed per accession depending on species or ploidy level. This requirement is met from the
balanced bulk where possible, or from the unbalanced bulk if the weight of the balanced
bulk is low (usually when the seed weight of the lowest-yielding genotype is below 2 g).
Seed requirements for long-term storage are given priority and female plant seed is always
separated from individual genotype seed packets before bulking is carried out.
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Constraints to achieve desired stock levels

Any vegetative material brought into IGER from an overseas expedition is placed in a
guarantine glasshouse. The number of vegetative units collected is limited by the logistics of
the expedition and not by quarantine space at IGER.

The PGRU has direct control of quarantine glasshouse facilities, but the crossing houses
are a station facility and are shared with other users. The PGRU is usually allocated two
thirds of its requirement. Bagging after peak anthesis plus 18 days and manipulation of onset
of anthesis are used to increase throughput.

It is unlikely that more crossing houses will be built because of the prohibitive costs.
Polythene houses have been built and modified for use in regeneration, but there are
problems of temperature control and condensation which affect seed yield. Low priority
accessions, seed exchange material for example, are regenerated under polythene.

Seed longevity in store

Initial viability of the accessions is determined by growing conditions and post-harvest
handling. Populations are collected as discrete groups of individual genotypes, and the aim
in growing on the plants for seed production is to provide optimum conditions to avoid
selective suppression of individual genotypes. In practice, this involves continual monitoring
for pathogens, and the provision of adequate heat, light, nutrients, water and space
throughout the regeneration process.

Post-harvest handling requires that seed heads are cut off at the correct time after bagging
and then dried correctly prior to threshing. The drying process is carried out in glasshouses
by hanging the bagged heads from the framework of the glasshouse. The process is not
controlled and is subject to changes in local weather conditions. A drying room with
controlled air circulation and temperature would be more satisfactory.

Sample viability in storage is determined by pre-storage processing and storage
conditions. Pre-storage processing is carried out using standardized techniques and
equipment at pre-fixed settings for the species. The number of individual samples involved
makes this a lengthy process, with early heading populations being hung in the drying area
in June and the last populations going into the store in March of the following year. This is
due to staffing levels within the PGRU rather than lack of equipment and facilities to carry
out post-harvest and pre-storage operations.

Storage conditions within the genebank follow internationally agreed guidelines. The
medium-term store and long-term store are located in separate buildings, and a controlled-
humidity seed-handling room has recently been built next to the medium-term store.

Base and active collections

The accessions in long-term storage are considered to be our base collection and the
accessions in medium-term storage are considered to be the active collection. It is only
possible to store material as individual female plant seed in long-term storage if original
genotype identities are known. In practice, only vegetative collections from PGRU
expeditions can be stored in this way. Material collected as seed or donated to the genebank
as seed is put in long-term storage as balanced bulk samples, where possible.

Need for further research
The PGRU has developed an operational scheme for the regeneration of forage grass
germplasm. The scheme is a compromise between the theoretically desirable and the
practically possible, limited by staff numbers and facilities. All accessions are regenerated ex
situ in an environment which is different from the point of origin. Regeneration is time-
consuming, labour-intensive and costly. The aim is to regenerate accessions as infrequently
as possible by maximizing the seed yield.

There are parts of the operation which need further research. Some conditions can be
controlled in crossing houses but many cannot, e.g. day length and temperature. Matching
controlled conditions during regeneration to conditions at the point of origin using growth
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chambers could be a suitable line of investigation. Not every genotype in a population
contributes equally to seed yield. In an operational scheme, with space at a premium, it is
difficult to justify repeat regeneration cycles to investigate the phenomena, but this could be
a suitable line of investigation.

References

Chorlton, K.H., N.R. Young and B.F. Tyler. 1978. Extending genetic resources — collecting
Dactylis glomerata in Spain. Pp. 42-43 in 1977 Report of Welsh Plant Breeding Station,
Aberystwyth.

Chorlton, K.H., I.D. Thomas, D.W. Bowen, Z. Bulinska-Radomska and M.A. Gorski. 1994. A
forage grass and small grain legume collecting expedition in South East Poland, 1990.
Genetic Resources and Crop Evolution 41:1-9.

Tyler, B.F. and K.H. Chorlton. 1978. A Lolium and Festuca plant collecting expedition to
northern Italy. Rivista di Agronomia No. 4:181-190.



54 REGENERATION OF SEED CROPS & WILD RELATIVES

Regeneration of vegetable germplasm — the AVRDC experience
L.M. Engle

Introduction

The regeneration of vegetable germplasm poses several problems because this group covers
a wide variety of species with different physiological behaviour, ecological and cultural
requirements and breeding structures. In addition, there are very few studies that can serve
as a guide on how genetic drift and/or shift can be avoided. If a germplasm holding runs
into the thousands, then the problems are compounded by the wide range of diversity
within each species. Furthermore, as most germplasm collections include the wild relatives
of crop species, we can expect additional problems.

The Asian Vegetable Research and Development Center (AVRDC) holds one of the largest
collections of vegetable germplasm: 38 000 accessions of its eight principal crops and 5000 of
regionally important crops. Accessions that have been multiplied and characterized are
stored as a base collection under long-term storage conditions (-20°C). An active collection,
for distribution purposes, complements this base collection.

The Genetic Resources and Seed Unit (GRSU) of AVRDC regularly undertakes
regeneration of its germplasm collection. This paper presents the procedures followed and
the problems often encountered.

Factors considered during regeneration
There are two factors considered during regeneration of germplasm: quantity of seeds to be
produced and preserving the genetic integrity of the accession.

Quantity of seeds to be produced

New introductions frequently arrive with insufficient quantity of seeds to be directly stored
for preservation. At least one cycle of seed multiplication is needed to produce sufficient and
viable seeds for preservation and distribution. The guiding principle is that it is best to
produce large quantities of seeds sufficient for preservation and distribution in as few cycles
as possible. Frequent regeneration of seeds is not only costly but may also result in
questionable genetic fidelity, possibly due to mechanical errors, genetic drift when the
sample size is too small, or genetic shift caused by loss of unadapted genotypes. The
acceptable size of homogeneous material in base collections is 1000 viable seeds within the
accession. The preferred size is 1500-2000 viable seeds (IBPGR 1994).

At AVRDC, the practice is to produce at least 20 000 seeds per accession. This quantity is
divided into two groups: 8000-12 000 for the base collection under long-term storage
conditions and the remainder for the active collection under medium-term preservation. The
amount is enough to cover the need for long-term preservation, distribution for a period of
5-10 years, and safety duplication in at least two sites. To produce the target amount of
seeds, 30 plants of each accession need to be established if the accession is uniform.

Preserving genetic integrity
Regeneration procedure should consider the need to preserve the genetic integrity of the
original population.

To avoid problems posed by adaptability, AVRDC has taken the strategy of doing the
initial multiplication of newly collected materials as far as possible in the country of
collecting. This also helps to avoid problems of quarantine and permits national research
staff to observe the materials while they are being grown out. However, it also means
standardization of procedures and providing adequate training to the national staff who will
be participating in the activity.

Among the Center's principal crops are three solanaceous crop species (tomato, pepper
and eggplant), two brassicas (Chinese cabbage and common cabbage) and three bulb Allium
spp. (onion, shallot and garlic). Species in the first group are mostly self compatible, and
predominant self-pollination ensures that cultivars and landraces are quite uniform.
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However, varying degrees of natural cross-pollination (1-91%) has been known to occur in
pepper (Quagliotti 1979; Tanksley 1984). The degree of cross-pollination is influenced by
distance of plants, wind direction and insect activity, with the last contributing the most to
cross-pollination (Murthy and Murthy 1962; Franceschetti 1972). In eggplant, cross-
pollination had been reported from 0.2 to 47% (Quagliotti 1979), with insects playing a major
role. Variation in their floral structures may also affect the degree of outcrossing. Species in
the second group are cross-pollinating with some degree of self-incompatibility. The last
group consists of onions and shallots which are also cross-pollinating, and garlic and shallot
are vegetatively propagated.

To preserve the genetic integrity of each population in the first group, cross-pollination
between accessions is prevented. They are planted under insect-proof nylon net cages to
prevent pollen contamination by insects. A row between plots is left vacant to separate
accessions. Furthermore, plants are staked and pruned if necessary to prevent intermingling
of branches. These procedures also minimize the possibility of mixing fruits harvested from
adjacent plots. On the other hand, the cross-pollinating species need insect pollinators.
Therefore each accession needs to be protected from being contaminated by pollen from
other accessions.

To save on resources, one accession each of five different crop species (pepper, eggplant,
tomato, brassicas, bulb onion or shallot) are planted in one net cage. Insect pollinators,
usually bees, are released inside the net cage at flowering time to enhance pollination within
each accession and thus increase yield. Still, in some cases supplementary hand-pollination
may be necessary, e.g. wild species of tomato and eggplant. Insect pollinators may also show
preference for one species.

However, the use of net cages poses several problems. Aside from being expensive and
laborious to construct, the shading that results affects plant growth and may distort
characterization data. The environment inside the net cage is also favourable to mites: severe
infestation is frequent and often difficult to control even with repeated spraying of miticides.
On the other hand, growing in net cages results in the exclusion of insects that damage
plants and/or fruits, such as fruit borers, which can cause reduced seed yield as well as
reduced seed vigour (Krishnasamy 1990).

Several workers reported that peppers normally show a large amount of phenotypic
variation. Additionally, some accessions may look uniform based on morphoagronomic
traits, but they may carry hidden heterogeneity, evidenced by hetemorphy for chromosomal
markers (Quagliotti et al. 1972; Pickersgill 1986). Our data show that out of 2118 accessions of
pepper characterized, 60% can be considered as homogeneous and only 6% as highly
heterogeneous.

For heterogeneous populations the number of plants used for regeneration should be
sufficient to preserve the genetic composition. If a sample shows distinct morphologic
variants, e.g. red versus yellow mature fruits, it is separated into two sub-accessions and a
second planting may be necessary to obtain the required amount of seeds. An inherently
heterogeneous population is harvested as a bulk.

Accession identity

We begin systematic characterization using morphoagronomic characteristics along with the
first seed increase. Such characterization data not only provide information on the potential
utility of the accession, but serve as identifying information to check on the correct identity
of the accession during regeneration.

When seeds show variation that can be visually detected, a seed reference file is prepared
at the time of receipt and incoming materials are registered. This can also provide a check on
accession identity. At AVRDC, reference slides on accessions are maintained, showing leaf,
flower and fruit traits.

Other identifying information may be included in the passport data. If the material has
already been characterized in another institution, such characterization data can be used to
re-check the identity of the accession.
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Succeeding cycles of regeneration
When enough seeds for the base and active collections are produced, regeneration may not
be necessary until 10 years after the first regeneration cycle. The data used as a basis in
deciding whether an accession needs to be regenerated are the number and viability of seeds
in the cold store. AVRDC-GRSU maintains a seed inventory and determines the initial
viability of accessions. For each crop species, there is a critical seed amount (1000 seeds).
Whenever the critical amount is reached, a decision is made to regenerate the accession. The
Expert Consultation on Genebank Standards (IBPGR 1994) recommends that regeneration be
undertaken when viability falls to 85% of the initial value. This poses a problem in many
vegetable crop species. The range for initial viability observed in many vegetable crop
species is very wide (AVRDC 1992). In tomato, about 95% of accessions show more than 85%
germination, in pepper only 70-78%. The cause of low germination is not conclusively
known. When accessions that had less than 85% germination in tomato were retested after a
year, about 81% showed increased germination (more than 85%). The improvement in
germination a year after suggested that a certain amount of dormancy may be present in
some of the accessions tested. In pepper, retesting of germination a year after showed an
increase in germination in the majority of the accessions. However, unlike tomato, only 19%
showed improved germination of more than 85% (AVRDC 1992).

To devise a more practical and efficient way of monitoring the viability of stored seeds,
grouping of pepper and tomato accessions based on percentage germination was attempted
using a clustering technique (AVRDC 1992). With the use of viability constants, storage
conditions and nomographs, a prediction can be made as to when accessions in a particular
cluster are expected to fall below 85% of the initial viability. The cluster then serves as the
sampling unit in viability monitoring. Other procedures that are being tried are the use of
frequency distribution and check varieties.

The need for collaborative efforts

The complex and stringent requirements in the regeneration of vegetable germplasm
necessitate the availability of facilities and funds designed for long-term operation as well as
trained and dedicated personnel. It is not a job for a single entity. Joint regeneration and
collaborative efforts in many of the activities are necessary. AVRDC acknowledges the
cooperation of several national programmes in its germplasm regeneration activities. Among
them are the Lembang Horticultural Research Institute, Indonesia; the National Plant Genetic
Resources Laboratory of the University of the Philippines, Los Bafios, Philippines; the
Tropical Vegetable Research Center, Kasetsart University, Thailand and the National Plant
Genetic Resources Center, Taiwan Agricultural Research Institute, Taiwan.
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Regeneration of maize and wheat accessions at CIMMYT

J. Crossa, B. Skovmand and S. Taba

Introduction

The wheat genetic resources unit of the International Maize and Wheat Improvement Center
(CIMMYT) handles 95 247 accessions of various types: bread wheat (52 839), durum wheat
(13 443), triticale (13 268), barley (7991), rye (194), primitives (4523) and wild relatives (2984)
(Skovmand et al. 1992). During the past 4 years the number of wheat accessions has increased
by 25% with the same proportions for the various types of species. All are maintained as an
active collection stored at —2°C, which conserves the viability of the accessions for 40-50
years.

The maize genetic resources unit of CIMMYT has more than 13 200 accessions, and new
introductions are constantly added from a cooperative project to regenerate endangered
accessions of landraces in Latin American maize collections (Taba 1995). The maize
accessions stored in the genebank are classified into two collections, base and active. Base
collection seed is kept in sealed containers at sub-zero temperatures and low seed moisture
content, allowing it to remain viable for 50-100 years. Active collection seed is kept at just
above freezing (0-2°C) and constitutes the working collection from which seed requests are
filled.

An important activity of the maize and wheat genetic resources units of CIMMYT is to
replenish seed samples when their germination falls below acceptable levels or their size is
reduced by distribution. In regenerating accessions, genebank managers avoid
contamination as far as possible via outcrossing (in outbreeding species such as maize),
accidental mechanical mixture of seeds, other handling errors, and any loss of genetic
diversity due to dramatic reductions in sample size (population bottlenecks). An optimum
sample size for regenerating non-inbred accessions (such as maize open-pollinated cultivars)
is determined by the frequencies of the rare alleles present in the accession (Crossa 1989). On
the other hand, for self-pollinated species such as wheat, small sample sizes are needed if the
accession regenerated is homogeneous.

The objective of this paper is to give a brief description of the practical aspects of the
maize and wheat germplasm seed regeneration activities at CIMMYT.

Regeneration of wheat accessions

Regeneration of wheat accessions is one of the most important activities of the wheat genetic
resources unit because long-term seed viability is highly dependent on the quality of the
seed being placed in storage. CIMMYT multiplies and regenerates wheat seed in
screenhouses rather than in the field, because this facilitates the production of high-quality
seed for medium- and long-term storage and avoids accidental mechanical mixing and other
possible handling errors (Skovmand et al. 1992). In addition, a limited number of accessions
can be regenerated at any given time by planting weekly or bi-weekly, instead of strictly
during the annual crop season. This procedure has been proven to be much better than the
traditional, simultaneous harvesting of thousands of lines when a single planting is made in
the field.

The number of seeds planted for regeneration depends on two factors: (i) the
homogeneity (or heterogeneity) of the accession, and (ii) the size of the seed sample
originally received. The wheat genetic resources unit of CIMMYT plants ‘basic units’ of 25
plants (‘hill’ plot). If the accession is judged to be homogeneous or the sample is small, only
one basic unit is planted. As the heterogeneity of the accession increases, more than one basic
unit can be included in the planting. More than four basic units are never required. Materials
coming from the CIMMYT wheat-breeding programme are relatively homogeneous,
whereas wheat landraces collected in the field are, in general, more heterogeneous.
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Introduced material is judged for homogeneity when planted in the introduction blocks for
gquarantine inspection.

All materials collected by the wheat genetic resource unit in the field are single spikes and
are subsequently managed as such. Regeneration, characterization and evaluation are
difficult when an accession is heterogeneous.

Regeneration of maize accessions
For maize landraces or other panmictic populations, the maize genetic resources unit of
CIMMYT plants 256 seeds per accession from a balanced seed bulk. The accession is sown in
16 rows (5 m rows) with two seeds per hill, so there are 16 plants per row and 256 plants in
total.

Pollination control in the field is achieved by making plant-to-plant crosses (dioecious
mode) or chain crosses (monoecious mode). Female gamete control is done by taking an
equal number of seeds from each harvested ear. Controlling the number of seeds and pollen
plants, the effective population size can be larger than the size of the original population. At
harvest 50 good kernels are taken from each pollinated ear as one set and bulked for
conservation in base collection (long-term storage). Then another set of 50-100 kernels are
taken from each pollinated ear and bulked to form the active collection. If less than 100 ears
are harvested, a new regeneration cycle is planted next season to make up the difference.

Over many regeneration cycles it is important to maintain more or less equal effective
population sizes to avoid genetic drift, increased inbreeding, and a subsequent loss of alleles.
Maize inbred lines can be maintained by selfing or sib-mating within lines.

When isolation field plots are not available, maize regeneration requires artificial
pollination. In the case of older seed samples whose germination capacity has significantly
diminished, it is difficult to establish enough plants for pollination; therefore two subsequent
regeneration cycles are made. In some cases, accessions not adapted to the site fail to
germinate, therefore two subsequent regeneration cycles might be needed to complete the
original number of seeds planted (150-250). In other cases, specifically adapted maize
populations need to be regenerated in the proper environments, requiring local cooperation.
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Multiplication and rejuvenation of genetic resources at ICARDA

Bilal Humeid, Larry D. Robertson, Jan Valkoun and Jan Konopka

Introduction

The genetic diversity of crop plants and their wild relatives is a resource which needs to
be not only adequately collected but also maintained properly to ensure the availability of
seed, and to maintain as far as possible the original diversity collected. The principal aim of
preserving genetic resources in genebanks is to prevent the loss of some of our traditional
crop cultivars (landraces) and their wild relatives. The major objective of any genebank is to
make these genetic resources available to researchers for crop improvement to meet needs
for current and potential production constraints.

The International Center for Agricultural Research in the Dry Areas (ICARDA) Genetic
Resources Unit (GRU) serves the world, and in particular the West Asia and North Africa
(WANA) region, as a repository for global base collections of faba bean, chickpea, lentil,
durum wheat and barley, and their wild relatives. ICARDA also maintains large, regionally
important collections of pastures and forages (Vicia spp., Lathyrus spp., Medicago spp.,
Trifolium spp., and other genera and species) and of bread wheat. The activities on the kabuli
chickpea and its wild relatives are carried out in collaboration with the International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT), and the activities on bread and
durum wheat and their wild relatives in collaboration with the International Center for the
Improvement of Maize and Wheat (CIMMYT).

The maintenance of these germplasm collections is crucial, as the WANA region is the
centre of origin and primary diversity for barley, wheat and temperate cool-season legumes
(Zohary and Hopf 1988). These crops were first domesticated in this region and then spread
to the rest of the world (Vavilov 1992). According to Harlan and Zohary (1966), emmer
wheat was probably domesticated in the upper Jordan watershed and einkorn was
domesticated in south-east Turkey. Barley could have been domesticated anywhere in the
arc bordering the Near East fertile crescent. The Near East arc displays the highest
biodiversity of closely related wheat wild relatives, Triticum spp. and Aegilops spp. (Feldman
1977; van Slageren 1994).

Table 1. Status of base and active collections in the ICARDA

genebank
Base collection Total holdings in

Crop (No.) (%) active collection
Barley 21235 88 24 093
Durum wheat 15 707 87 18 036
Bread wheat 6318 81 7836
Wild wheat 3342 72 4659

Total cereals 46 602 85 54 624
Chickpea 8067 84 9586
Wild cicer - - 291
Lentil 6847 92 7407
Wild Lens - - 433
Faba bean ILB - - 4434
Faba bean BPL - - 5248

Total food legumes 14914 54 27 399
Medicago 4446 57 7845
Vicia 3205 60 5349
Pisum - - 3553
Lathyrus - - 1590
Trifolium - - 3396
Alfalfa - - 960
Other genera - - 5129

Total forages 7651 27 27 822

Grand total 69 167 63 109 845
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Table 2. Quantity of seed maintained in ICARDA base and
active collections

Base collection, Active
Crop no. of seeds (g) collection
Cereals
Barley 2000 300
Durum wheat 2000 300
Bread wheat 2000 300
Wild wheat 150-1000 150-600
Food legumes
Chickpea 1200 1000
Wild Cicer = As available
Lentil 2800 280
Wild Lens - As available
Faba bean ILB - 1000-2000°
Faba bean BPL - 1000-20007
Pasture and forages
Medicago 2500 100
Vicia 1000 300-600°
Pisum = 250
Lathyrus - 300-4007
Trifolium - 100
Alfalfa - 100
Other genera — 100

'Stocks are maintained separately for each multiplication phase.
*No base collection maintained at present.
*Dependent upon seed size.

The wild progenitors and relatives of lentil and chickpea (annual species) are found
primarily in the West Asian region (Cubero 1981; van der Maesen 1987). Lens orientalis and
Cicer reticulatum are endemic to this region (though L. orientalis has been distributed to some
extent as a weed with the cultigen in the Asian Republics of the former Soviet Union). The
collections of the Vicia and Lathyrus species are weedy forms, found mostly in cereal fields
and orchards in WANA.

ICARDA placed its collections under the auspices of the Food and Agricultural
Organization (FAO) in October, 1994 by formal agreement with FAO, and holds this
germplasm in trust for the benefit of the world community, recognising the requirements of
the Convention on Biological Diversity.

Status of ICARDA Collections
The ICARDA GRU holds a large collection of its mandated crops (110 000 seed samples).
This large collection is heavily utilized by scientists from ICARDA and by national
programmes, both from WANA and the rest of the world. The number of accessions of
different crops in active and base collections held at ICARDA is given in Table 1. About two-
thirds of this germplasm is from the WANA region (over 22 000 accessions) collected by
ICARDA in 125 missions, jointly with national programmes.

Table 3. Viability tests for barley, durum wheat, chickpea and lentil germplasm in ICARDA
collections

Viability Chickpea Lentil Barley Durum wheat
(%) (no. accessions) (no. accessions) (no. accessions) (no. accessions)
<80 20 29 173 82

80-85 9 26 325 113
85-90 20 92 1083 828
90-95 266 379 3233 2982
95-100 8376 6746 16 816 6617

Total 8691 7272 21631 10 622
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Table 4. Viability test for germplasm (base collection) stored in the GRU long-term store
(-22°C) for 5 years

Viability in 1990 Viability in 1995

Crop IG No. Storage year (%) (%)
Durum wheat 76300 1990 98 98
76301 1990 98 98
76302 1990 100 98
76303 1990 100 95
76304 1990 92 90
76305 1990 100 100
76317 1990 95 98
76318 1990 92 100
76319 1990 98 98
76320 1990 98 98
Mean 97.1 97.3
Barley 16963 1990 98 95
16946 1990 95 98
16947 1990 98 95
16948 1990 100 93
16949 1990 100 98
16950 1990 92 98
16951 1990 98 100
16952 1990 98 100
16953 1990 98 98
16954 1990 100 98
Mean 97.7 97.3

Table 5. Status of safety duplication of ICARDA collections.

Crop No. duplicated Institution Country
Barley 5326 CIMMYT Mexico
Durum wheat 7435 CIMMYT Mexico
Bread wheat 1238 CIMMYT Mexico
Wild wheat 2749 CIMMYT Mexico
Cereals 16 748
Chickpea 4851 ICRISAT India
Lentil 6771 NBPGR India
Faba bean 1554 FIA Austria
Food legumes 13176

Storage

Systematic and careful preservation of germplasm, stored as seed, coupled with a sensible
seed distribution policy, eliminates frequent regeneration which is a time-consuming and
expensive process. This also avoids the dangers of contamination, outcrossing, unwanted
selection pressures and human error during regeneration, which can nullify the value of an
accession.

We use controlled environmental storage with low temperature and low relative
humidity for medium- and long-term conservation. After drying, seeds are packed in plastic
containers and stored in the medium-term store (active collection), which operates at 2+2°C
with a controlled relative humidity of 15-25%. In the long-term cold store, seeds are dried to
6-7% moisture content, hermetically vacuum-sealed in aluminium foil packets and stored at
—22°C (base collection). The quantity of seed held for base and active collections for the
various species in the ICARDA genebank is given in Table 2.
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Table 6. Distribution of samples from ICARDA-GRU 1990-94, excluding safety duplication

Crop Distribution 1990 1991 1992 1993 1994 Total
Barley Center staff 2294 1749 1412 697 887 7039
Barley Other IARCs - - - 1599 - 1599
Barley NARS in developing 277 1155 522 819 460 3233
countries
Barley NARS in developed 1201 5609 72 240 185 7307
countries
Barley GRU's own work 1305 1102 1069 841 563 4880
Barley Safety duplication - - - - - -
Barley Total 5077 9615 3075 4196 2095 24 058
Wheat Center staff 467 490 6922 1649 3101 12 629
Wheat Other IARCs 86 28 2 40 - 156
Wheat NARS in developing 404 4385 1269 1451 4323 11832
countries
Wheat NARS in developed 1012 229 3324 1822 1057 7444
countries
Wheat GRU's own work 464 1300 367 444 2090 4665
Wheat Safety duplication - - - - - -
Wheat Total 2433 6432 11 884 5406 10571 36 726
Lentil Center staff 1035 1811 1955 280 91 5172
Lentil Other IARCs - - 52 - - 52
Lentil NARS in developing 40 366 797 1549 2830 5582
countries
Lentil NARS in developed 126 575 423 94 29 1247
countries
Lentil GRU's own work 314 1078 3400 826 2519 8137
Lentil Safety duplication - - - - - -
Lentil Total 1515 3830 6627 2749 5469 20 190
Chickpea Center staff 914 318 1414 1459 431 4536
Chickpea Other IARCs - - - - - -
Chickpea NARS in developing 7 15 372 143 2660 3197
countries
Chickpea NARS in developed 455 68 411 22 685 1641
countries
Chickpea GRU's own work 1175 574 782 1576 1498 5605
Chickpea Safety duplication - - - - - -
Chickpea Total 2551 975 2979 3200 5274 14 979
Faba Center staff 196 60 36 - 1 293
Faba Other IARCs - - - - - -
Faba NARS in developing 94 - 745 1660 397 2896
countries
Faba NARS in developed 3 - 497 1045 15 1560
countries
Faba GRU's own work 203 653 - - 1 857
Faba Safety duplication - - - - - -
Faba Total 496 713 1278 2705 414 5606
Forages Center staff 694 616 441 3075 1679 6505
Forages Other IARCs - - - 1 - 1
Forages NARS in developing 296 - 847 1622 2186 4951
countries
Forages NARS in developed 66 891 440 806 1526 3729
countries
Forages GRU's own work 284 803 3496 1522 3542 9647
Forages Safety duplication - - - - - -
Forages Total 1340 2310 5224 7026 8933 24 833

Grand total 13412 23 875 31067 25 282 32756 126 392
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Viability monitoring
When viability for the material stored in the genebank falls below the critical standard of
85% germination, the accessions are regenerated for production of seeds with good viability
for storage. Viability monitoring is an ongoing activity (Fig. 1) with several thousand
accessions tested for viability each year (Tables 3 and 4). Accessions which show <85%
germination are prepared for regeneration in the next season.

Safety duplication

At ICARDA, genetic resources are stored according to international standards including
back-up generators and compressors. However, an important aspect of long-term
preservation of germplasm is to provide for a duplicate set of samples in another genebank
with good storage facilities. This provides safety from major man-made and natural disasters
beyond the control of the centre. ICARDA has taken concrete steps to duplicate its base
collection of unique samples at other locations and institutions. Safety duplication
agreements have been signed for most crops and the process of implementation is under
way (Table 5).

Distribution policy
Around 32 000 seed samples are distributed worldwide annually, upon request, from our
collection (Table 6). This heavy demand affects seed stock in the genebank by reducing seed
quantities, which necessitates further cycles of multiplication.

The GRU distributes seed samples of all available accessions. In the distribution process
the seed stock is checked to determine that sufficient seed stock exists for the distribution of
the accession (Fig. 2). ICARDA is in the process of implementing a policy that would require
users to sign a seed order form which states that the recipient agrees (i) not to claim
ownership over the material received nor to seek intellectual property rights over that
germplasm or related information without prior negotiation and permission of the country
of origin; and (ii) to ensure that all subsequent persons or institutions to whom they make
the germplasm available are bound by the same provision.

We provide only small samples of seeds for research purposes. This allows the active
collection seed stocks to be kept for a long time, thus reducing the regeneration frequency.
Standard provision is 50-100 seeds per normal accession, 25-50 seeds per wild cereal
accession, 25 seeds per wild Lens or Cicer accession, and 10-20 seeds per faba bean pure line
(BPL). Users are advised that if more seed is required they are responsible for seed
multiplication.

Seed health testing
A vigorous spraying programme against fungal pathogens and the vectors of insect-borne
viruses is applied during the multiplication of the ICARDA germplasm. During the
multiplication/regeneration of germplasm, plots are periodically inspected for seedborne
pathogens by the Seed Health Laboratory and Virology Laboratory. Any suspect plants are
rogued, any suspect plots are noted, and laboratory seed tests are conducted to confirm
freedom from seedborne pathogens.

A programme has been started for virus testing of all seed stocks of barley, lentil and faba
bean. This is a long-term process and is being implemented as resources allow. In the
documentation system (see below), provision is made to record the status of virus and fungal
seed stock tests.

Documentation
The seed stock is documented in the ICARDA genebank database. Seed, when being
prepared for storage, is given to the genebank manager who is responsible for updating
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stock data while storing fresh seed. Only the genebank manager attends to requests for
germplasm seed and all requests are computerized, with selection files maintained for all
requests and used to update the stock data at the time of despatching a request. This allows
accurate data to be maintained on the status of seed stock on an ongoing basis for all
collections.

These seed stock data are used to monitor the status of all germplasm collections at
ICARDA. Critical seed stock levels have been established, and once the critical level is
reached, the accessions are flagged for multiplication by the crop curators (Fig. 1). This level
is usually high enough to meet all requests for seed during the period when the accession is
being multiplied. There is a further level at which an accession is flagged for stopping
distribution until seed stocks have been replenished. This level is sufficient to allow for
several plantings for multiplication before a sample will have to be drawn from the base
collection. Regeneration limits and distribution limits for the species in the ICARDA
genebank are given in Table 7.

Regeneration

Population size

Once an accession, acquired either through centre-sponsored collecting missions or through
donations, enters the genebank, it is assigned an ICARDA Genebank Number (IG number)
and checked for the possibility of being a duplicate accession. It is represented in the initial
multiplication phase by approximately 80% of the material received (Fig. 3). This sample size
is usually sufficiently large to represent the accession and to reduce the danger of genetic
drift. The percentage is adjusted according to the viability of the sample and the quantity of
seed received. After initial multiplication, the viability of the seed is checked before the new
accession is added to the active collection and, if the seed amount is sufficient, to the base
collection.

Subsequent multiplications to produce full active and base collections of the accessions,
and to replenish the seed stocks of the active collections as seed is distributed, are done with
plots which allow sufficient seed numbers in the multiplication to reduce the danger of
genetic drift (Table 8).

Table 7. Standard limits (g) for collections stored in ICARDA

genebank

Crop Stop limit Low limit Available
Cereals

Barley +50 +100 >100

Wheat *50 +100 >100

Wild cereals +100 (seeds) 200 (seeds)  >200 (seeds)

Food legumes

Chickpea +250 +500 >500

Wild Cicer +100 (seeds)  +200 (seeds) >200 (seeds)
Lentil *25 +50 >50

Wild Lens +100 (seeds)  +200 (seeds) >200 (seeds)
Faba bean +250 +500 >500
Forages

Medicago +20 +40 >40
Trifolium +20 +40 >40

Alfalfa +20 140 >40

Vetch +100 +150 >150
Lathyrus +100 +150 >150

Pisum +100 +150 >150

Others +20 +40 >40

'Distribution with care, accession marked for multiplication.
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Table 8. Regeneration standards at ICARDA for
increase of seed supply for cereals and legumes

Crop No.seeds Remarks
Cereals (cultivated) 250-400 2 rows 2 mlong
Cereals (wild) 20-50 2 rows 2 mlong
Lentil 1200 4 rows 4 m long
Chickpea 240 4 rows 4 m long
Wild Lens 20 Plastic house
Wild Cicer 20 Plastic house
Faba bean 60-100 3 rows 3 m long
Medicago 600 3 rows 3 mlong
Vicia 200 3 rows 3 mlong
Lathyrus 200 3 rows 3 mlong
Pisum 200 3 rows 3 mlong
Trifolium 600 3 rows 3 mlong
Other forage genera 600 3 rows 3 m long

Methods of regeneration

Self-pollinated crops

In the case of cereals (barley and wheat), of self-pollinated food legumes (chickpea and lentil)
and of pasture and forage legumes, we follow a bulk method for multiplication and
regeneration of the original samples and subsequent regeneration/multiplication using plot
sizes which allow sufficient population samples to minimize the danger of genetic drift. This
method allows us to manage a higher number of populations with limited facilities (labour
and land). Isolation is used while regenerating the germplasm.

The plot-to-plot spacing adopted depends on the species (1-1.5 m). Accessions prepared
for regeneration are labelled by plot and accession number. Both hand and machine planting
are used with special care and close supervision during planting to avoid mechanical mixing
and to minimize human error. All harvested material from the plot is threshed and cleaned,
and the amount of seed required for storage is taken from the bulked sample after thorough
mixing.

Cross-pollinated crops

In contrast with the other temperate legumes, faba bean is partially cross-pollinated by

insects (Bond and Poulsen 1983). The traditional way of maintaining faba bean germplasm is

as open-pollinated bulks. The first collection started at ICARDA was the open-pollinated

international legume faba bean (ILB) collection which was maintained as populations. The

major problem with this type of collection is the loss of genetic identity resulting from inter-

crossing among different accessions. There are three ways to reduce the loss of identity of

accessions:

¢ reduce the rate of inter-crossing among accessions during multiplication through
increased distance between accessions or increasing plot size;

* reduce generation advance;

¢ do multiplicationss under conditions of selfing.

Witcombe (1982) proposed a system to reduce generation advance using a base collection,
foundation seed and active collections. The ILB collection proved difficult to maintain for a
large number of accessions, and several other types of collection were investigated.

A decision was made at ICARDA to derive a second, ‘pure-line’ collection from the
original collection. A set of pure lines of faba bean has been derived from the usually
heterogeneous and heterozygous ILB accessions (Robertson 1985). These were developed
through a ‘pre-breeding’ process by taking randomly selected single plants to progeny rows
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in a cyclic manner, using insect-proofed screenhouses to ensure selfing. The faba BPLs have
the advantages of:

* ease of maintenance;

¢ repeatability and uniformity of evaluation;

¢ reduction in loss due to genetic drift;

¢ uncovering of recessive genes which otherwise might be hidden by heterozygosity.

Repeated inbreeding has not led to loss in vigour due to inbreeding depression. The BPL
collection is multiplied using mesh-covered insect-proof screenhouses to ensure self-
pol