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Introduction

This training module was prepared for the International Training Workshop on the
Management and Utilisation of Field Genebanks and in-vitro Collections. As the
title suggests, the course is focused on technical procedures in field and in vitro
genebank management. This module is in the same order of the course, which is
divided into lectures and discussions (PART 1), and practical hands-on sessions
(PART 2).

Field genebanks and in vitro collections are the options of ex situ conservation
strategy for the conservation of germplasm of many plant species, that are
vegetatively propagated or with recalcitrant seeds. At the same time, field
genebanks can be difficult to manage, because they are expensive to maintain,
require large space and carry high risks of loss. In vitro collections have the
advantage of requiring less space for storage, the possibility of freeing plants
from diseases, and convenience for exchanges; however they also are costly to
produce and maintain. In addition, appropriate protocols for in vitro conservation
of many plant species are yet to be finalized. Considering the challenges and
costs involved, knowledge on effective management methods for these types of
collections is vital for conserving the germplasm of a large number of important
species. Thus, both the methods require considerable skills with the staff that
manages such collections.

Objectives

* To provide a sound scientific basis for establishing and managing FGBs and
in vitro collections

* To impart to the participant latest knowledge and skills on the good
practices in managing field genebanks and in vitro collections;

* To provide participants hands-on experiences and practical exercises on
the managing field genebanks and in vitro collections;

* To update participants on the recent development in optimizing
conservation and use of germplasm collections; and

* To provide a venue for sharing of experiences and networking among
participants and host institutions for developing future collaborations on
best in the future.
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LECTURE 1

PGR conservation and use: principles and concepts and complementary
conservation strategy

Introduction

We can define biological diversity as the variation present in all species of plants and animals,
their genetic material and the ecosystems in which they occur. This could be at three levels:
genetic diversity (variation in genes and genotypes), species diversity (species richness) and
ecosystem diversity (communities of species and their environment). During the past few years
there has been increasing awareness on the holistic view of biodiversity, including agricultural
biodiversity, conservation for sustainable utilisation and development. Sustainable conservation
and use of PGR is a challenge facing us now, one of the many that we currently face. Plant
genetic resources can include genotypes or populations of plants, representing cultivars, genetic
stocks, wild species etc. Here an attempt is made to introduce the general concepts of PGR
conservation and use along with principles of complementary conservation.

Objectives
* Describe what are plant genetic resources and its functions
* Describe and discuss approaches to conservation

* Define and discuss what constitutes complementary conservation

Description of the Lesson

This lecture deals with definition of plant genetic resources for food and agriculture and why
they are important. It briefly describe the components of plant genetic resources (ex situ

and in situ) and what, in broad terms, constitutes conservation of plant genetic resources
(exploration, collecting and assembly; conservation; characterisation and evaluation; distribution;
documentation; use). It explains different approaches to conservation and various extant
methods under each approach in particular context. Emphasis is on conserving most genetic
diversity in a given gene pool using complementary conservation strategy.

Lessons to Learn

* Components of plant genetic resources for food and agriculture

* Approaches to conservation and what part of genetic diversity that each method under
the two different approaches can help us to conserve

* No single approach/method can conserve all the genetic diversity that we would like to
conserve
Components of plant genetic resources

Crop germplasm collections are assemblies of genotypes or populations representative of
cultivars, genetic stocks, and wild species etc., which are maintained in the form of plants,
seeds, tissue cultures etc and populations in the wild or on-farm.
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Functionally, PGR constitute of landraces, advanced/improved cultivars and wild and weedy
relatives of crop plants (either domesticated or non-domesticated). Landraces are distinct local
races developed by farmers over generations, adapted to the many different agroecological
conditions and interactions of natural and cultural environments to which crop species were
gradually exposed and probably the most important of the genetic resources.

In general, the genetic diversity in cultivated plants is derived from wild ancestral species,
modified by adaptations in response to cultivation. The modifications also take into
consideration the physical, biological, cultural and socioeconomic factors of the environment.
Due to highly specific nature of different environments, such domestication has resulted in
many ‘ecospecific’ adaptations, which resulted in the formation of landraces, suited to local
environments.

Centres of genetic diversity and genetic erosion

The discoveries by Nikolai Vavilov during 1920-1940 were a major milestone in the field of PGR.
Vavilov discovered what were first called the ‘centres of origin of domesticated plants and
animals’. Later these have been considered as ‘centres of genetic diversity’ and this is basically
the current view, though there is some amount of confusion in the use of the terminology. This
led to the expansion of genepools of the plants, which are essential to human survival, which
are frequently used by breeders for crop improvement and this has offered new opportunity for
agricultural development.

PGR functions

Given the seriousness of the problem of conservation and use of plant genetic diversity, there is
an urgent need to try and assemble whatever genetic diversity is still available, especially of the
material with a likely potential in the near future. The material thus assembled should be made
widely available to users so that the material collected could be properly studied and used.

To achieve this, tile material must be characterized and evaluated. The characterisation and
evaluation information should be documented properly and be made readily available to users
along with the germplasm, which has been conserved. To complement these efforts, we should
attempt to conserve and use the diversity in situ and on-farm. All this would require essentially
five steps:

* Exploration, collecting and assembly

* Conservation

* Characterisation and evaluation

* Distribution

* Documentation

e Use
Exploration and collecting: Highest priority should be give to the collecting of material that is
threatened with disappearance. For successful exploration and collecting, there is a need for
well-coordinated effort with appropriate financial and manpower resources being available.

However, there is strong need for the genetic resources institutes to create a situation in which
exploration may expand and intensify in areas that have been either neglected or never explored.

Conservation: It is important to understand that conserving collected/assembled germplasm is
for a long term and plans must be made accordingly. Conservation approaches and methods
depend on the objectives of conservation and depend on time and space.
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There are two approaches to conservation of PGR- ex situ and in situ. Ex situ conservation
approach that conserved germplasm outside the site in which it evolved, generally comprises

of the following methods: seed storage, field genebanks, in vitro storage, pollen storage, DNA
storage and botanical gardens. Conservation of plant diversity using reserves/protected areas,
on-farm and home gardens, is considered as in situ conservation approach. Each of this method
will be briefly visited under the discussion for complementary conservation strategy.

Characterisation and evaluation: Collecting and conserving have significance in elucidating
taxonomic status and evolutionary relationships between and within species. However, the
main justification for genetic resource conservation is for utilisation in plant improvement. The
key to successful use of variability from broad gene pools requires the knowledge of desirable
traits available in the germplasm and this requires a systematic evaluation of germplasm. The
role of characterisation and evaluation is basically to describe an accession with its various
attributes - morphological, physiological, agronomical, biochemical, cytological and reaction to
various stresses (biotic/abiotic). They help the curator to identify accessions, desirable genes or
genotypes and, in general, they inform something about the variability/diversity of the available
collection. The dividing line between characterisation and evaluation depends on genetics and
genotype x environment (GXE) interactions. In general, effective evaluation is possible when
there is close institutional and/or personal interaction between curators and breeders other crop
improvement scientists, and where breeding objectives are reflected in evaluation programmes.

Distribution, exchange and germplasm health: It is important that all accessions in the genebank
should be available to all those who wish to use them, either for crop improvement or other
studies, under the usual conditions of germplasm supply. Often there may be some restrictions
on the availability of germplasm, due to either the cost of seed production or because of national
priorities.

Documentation: Progress in the field of plant genetic resources is related to the conservation of
eroding genetic resources and utilisation of this material for crop improvement work. Success
partly depends on the availability of information on the material being conserved. With increased
international exchange of material, a certain amount of uniformity in data collecting, recording,
storage and retrieval have become essential. Bioversity International, along with the Food and
Agriculture Organization (FAO), has been playing a key role in bringing an understanding among
the workers in many countries on these aspects. A computerized documentation system is now
very common in many plant genetic resources centres. There is also increased attention being
paid for documentation and management of data on in situ conservation.

Utilisation of plant genetic resources: One of the major objectives of conservation of PGR is to

make genetic diversity available for immediate or future uses. New germplasm can (a) raise the
genetic ceiling of improvement, (b) decrease vulnerability to biotic and abiotic stresses, and (c)
add new developmental pathways and ecological adaptations to breeding material. There is the
need to analyse genetic diversity and utilise it in plant improvement programmes in the future for
enhanced sustainability and productivity

Conservation approaches and methods and complementary conservation

It is well known that there are two approaches to conservation of PGR- ex situ and in situ. Ex
situ conservation approach generally comprises of the following methods: seed storage, field
genebanks, in vitro storage, pollen storage, DNA storage and botanical gardens. Conservation of
plant diversity using reserves/protected areas, on-farm and home garden is considered as in situ
conservation approach.
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Ex situ conservation

Seed storage: Generally speaking, seed storage conservation method is an efficient and
reproducible technique. The seeds are dried to optimal lower moisture content and stored at a
low temperature. This method is almost universally applied to the orthodox seed species. Good
storage conditions coupled with proper grow-outs are expected to increase longevity of shelf life
of seeds. Seeds of most common species, can be maintained in this way for a number of years.
Guidelines for proper handling and storage of seeds of many different crop species are available
from Bioversity International and FAO. Work is also in progress on alternative methods of storage
of seeds, such as the maintenance of seeds in imbibed storage, storage of seeds in liquid
nitrogen at temperatures below -196’C and storage of ultra dry seeds. For some crop species
standardised methods are already available.

Living plants: Many important varieties of field, horticultural and forestry species are either
difficult or impossible to conserve as seeds (i.e. no seeds are formed or if formed, the seeds
are recalcitrant) or reproduce vegetatively. Hence, they are conserved in field genebanks (FGB).
FGBs require more space, especially for large plants such as tree species and they may be
relatively expensive to maintain depending upon the location and tile complexity of alternative
techniques available. However, FGBs provide easy and ready access to conserved material for
research as well as for use. For a number of plant species, the alternative methods have not
been fully developed so that they can be effectively used

Storage of tissues/cells: Another method of ex situ conservation of germplasm is through the use
of tissue or cell cultures. As seen earlier, there are a number of plant species, which cannot be
conserved as seeds and presents different problems. It has also been noted that, generally,
conservation of such material as plants in the field requires greater space, labour and funds and
they also run the risk of being damaged by natural calamities and virus infections.

Hence the conservation of tuber, root, shrub and tree species becomes very difficult indeed. For
some species, in vitro conservation is the only method available. Work on cryopreservation of tissue
culture, so that these can be preserved for long periods, is also making rapid progress. Once these
techniques are further refined, their large-scale adoption may be possible. Cryopreservation is an
acknowledged method for long-term conservation of recalcitrant seeded plant species that include
most of the tropical fruit tree (TFT) species. These examples showed that the work done so far is
impressive. However, it must be realized that much more research still needs to be done to refine
and standardise the existing cryopreservation protocols so that these could be effectively used for
conservation for difficult to conserve plant species.

Storage of pollen: This is another important area that needs to be explored as a component of

the conservation strategy for coconut genetic resources. Pollen storage was mainly developed
as a tool for controlled
pollination of asynchronous
flowering genotypes,
especially in fruit tree
species. In addition, pollen
storage has also been

Ex situ conservation - the conservation of components of considered as an emerging
biological diversity outside their natural habitats technology for genetic

conservation.

Definition of in situ and ex situ conservation strategies
(United Nations Environment Programme - 1992)

In situ conservation — the conservation of ecosystems and
natural habitats and the maintenance and recovery of viable
populations of species in their natural surroundings and, in the
case of domesticated or cultivated species, in the surroundings
where they have developed their distinctive properties.

m Training Module




Even if it may not be considered to be a viable method for meaningful genetic conservation

of genotypes, cryopreservation is likely to be more successful than other storage techniques
routinely employed for pollen (e.g., under organic solvents, desiccation freeze drying, low
temperature) in facilitating of hybridization when flowering is asynchronous or for use in next
season. Thus, it can help in better utilisation of available genetic resources. Pollen can be easily
collected and cryopreserved in large quantities in relatively small space. In addition, exchange
of germplasm through pollen poses fewer quarantine problems compared with seed or other
propagules. In recent years, cryopreservation techniques have been developed for pollen of

an increasing number of species and cryobanks of pollen have been established for fruit tree
species in several countries.

DNA storage: Storage of DNA is, in principle, simple to carry out and widely applicable and seems
to be relatively easy and cheap. The progress in genetic engineering has resulted in breaking
down the species and genus barriers for transferring genes. Transgenic plants have been
produced with genes transferred from viruses, bacteria, fungi and even mice. Such efforts have
lead to the establishment of DNA libraries, which store total genomic information of a plant in
the form of DNA libraries. However, strategies and procedures have to be developed on how

to use the material stored in the form of DNA. DNA is easy to extract from most plant tissues

and can be stored for long periods in DNA banks. Basically this would consist of extracting and
checking genomic DNA for quantity and quality using spectrophotometric techniques and gel
electrophoresis. Samples are stored frozen at —20°C and -80°C and dried voucher specimens are
stored as a backup. For successful use of this technology may require full integration with existing
collections such as botanic gardens, herbaria and seed banks, and information retrieval systems
that link such facilities, bioinformatic resources and other DNA banks. They also require efficient
and well-regulated sample exchange procedures. However, strategies and procedures have to be
developed on how to use the material stored in the form of DNA. The role and value of this method
for PGR conservation is not completely clear yet.

Botanical Gardens: There are >1500 botanic gardens and arboreta in the world and the objectives
of most of the gardens are to maintain essential ecological processes and life support systems
and preserve a sample genetic diversity and ensuring sustainable utilisation of species and
ecosystem. However, the botanical gardens, excepting a few well developed and funded ones,
may play a limited role in the context of conservation and propagation and probably a greater
role in public awareness and education. Number of accession and accession size in a botanical
garden is limited most of these gardens cannot really reflect or conserve genetic diversity. There
is a possibility that a few well-managed gardens can emphasise on conservation of certain
groups of species as living collections (i.e. field genebanks).

In situ Conservation

This type of conservation is dynamic as opposed to the semi-static nature of ex situ
conservation. One of the reasons given for choosing in situ conservation over ex situ is the need
to maintain the evolutionary potential of species and populations However, given the fact that
human activities can cause habitat destruction and loss of biodiversity in some cases, and the
maintenance of biodiversity in other cases, the need to complement it with ex situ conservation
effort is now well recognised. In general, research and monitoring is needed at three levels for
successful in situ conservation: the assay of genetic variation represented within a target species
in a particular area (ideally by studies of intraspecific morphological and molecular variation

and the diversity as recognized by local users, including farmers); regular inventory of species
numbers; and observation of general ecological condition and habitat alteration, including
farming systems.
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Biosphere Reserves/Protected Areas: In general, the biodiversity at the species and ecosystem

level can only be conserved through in situ conservation. Various types of protected or semi-
protected areas that are identified to be rich in diversity of ecosystems and/or species are used
in this method. Conservation of wild species crop relatives in genetic reserves involves the
location, designation, management and monitoring of genetic diversity in a particular, natural
location. However, it must be remembered that genetic reserves are often not very accessible for
use. Additionally, the monitoring and management may not be optimal due to difficult conditions
under which these need to be performed. For the same reason, characterisation and evaluation
may be limited. The reserves are also vulnerable to natural and human made disasters.

On-Farm Conservation: /n situ conservation of agrobiodiversity or on-farm conservation involves
the maintenance of traditional crop cultivars (landraces) or farming systems by farmers within
traditional agricultural systems. Many farmers still use landraces, which are developed by
farmers and strongly adapted to the local environment. This method of conservation has been
gaining importance in recent years, though farmers have been using, mostly unconsciously, it
for centuries. In the case of agrobiodiversity, the effects of growers-practices are of paramount
importance. Systematic documentation of farmers’ knowledge of diversity and uses is needed.
Sustainable in situ conservation efforts require community participation, control of land rights
in local communities, education, extension and development of environmental awareness. Of
equal importance is the principle that any in situ conservation programme must also benefit the
local communities. Management by local communities can often be developed to effectively link
conservation and use. It is important to consider indigenous knowledge, people’s participation
and co-operation between local people, researcher and conservationists and nongovernmental
organizations (NGOs). The methods of management and benefits to local communities in
maintaining and using this diversity must be considered while implementing an in situ (or on-
farm) conservation programme. Much progress has been made in understanding the scientific
basis of on-farm conservation of agrobiodiversity in recent years.

Home Gardens: Home garden conservation is very similar to on-farm conservation however, the
scale is much smaller. In most rural situations, home gardens tend to contain a wide spectrum
of species, such as vegetables, fruits, medicinal plants and spices, than on-farm plots. As it is
akin to on-farm conservation, the dynamic nature of this conservation technique has the same
advantages. Home garden, as a single unit, has very little value in terms of conservation, but a
community of them in a given area may contribute significantly to the conservation and direct
use of genetic diversity. Most of such diversity could be somewhat unique/rare as the people
tend to grow unique materials in their gardens and also underutilised species. However, the
system is vulnerable to changes in management practices.

Home gardens are also known to be testing grounds for farmer-home gardener, as well as, a
location for testing out some of the wild and semi wild species. Thus, in rural areas, the home
gardens may continue to play a role in genetic diversity conservation as well as development.

Complementary Conservation Strategy

As we have seen just now, there are two main approaches to conservation of PGR: ex situ and
in situ. It is important to emphasize that these two approaches are complementary in nature.
Conserving a genepool should employ a combination of methods, from nature reserves to
genebanks as no single method can conserve all the diversity. The appropriate balance between
different methods employed depends on factors such as the biological characteristics of the
genepool, infrastructure and human resources, number of accessions in a given collection and
its geographic site and the intended use of the conserved germplasm. For any given genepool
the extent of a particular method used may defer from that used in another genepool and there
is now increased emphasis on developing and implementing complementary conservation
strategies for various important genepools.
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To develop the complementary conservation strategy it should not only consider the technical
aspects of specific methods. It also needs to consider the practical and political aspects. This is
particularly important for in situ conservation.

Selection of the appropriate method or methods should be based on a range of criteria,
including the biological nature of the species in question, practicality and feasibility of the
particular method chosen (which depends on the availability of the necessary infrastructure) as
well as the cost-effectiveness and security afforded by its application. For any given genepool
the extent of a particular method used may defer from that used in another genepool. A
combination of methods, from both in situ and ex situ approaches, should be applied so that one
method complements the other. Such system can provide a strategy that optimally conserves
maximum diversity within the target genepool.

For example, if one considers the conservation of Citrus genepool, at the simplest level, one

has citrus species that have orthodox seeds, intermediate seeds or recalcitrant seeds. All other
things being equal, it could be said that the Citrus species that produce orthodox seeds are best
conserved in seed genebank. However, this can be complicated by other considerations, for
example, objective of conservation, polyembryony etc.

Species that produce recalcitrant seeds, depending on the level and stability of the technology
available, may be conserved as tissue under slow growth conditions or cryopreservation or in
field genebanks. If the decision is to use former, we need to know the gestation period for in vitro
conserved material to become useful. In this way, it may be possible to determine which part of
the gene pool can be conserved using which method, thus establishing CCS for Citrus. As one
can see, there is a need for complete information to make the appropriate choices. However,
attempts to develop models at genus (such as Citrus) or groups of species level may be futile,
as the number and type of parameters to be considered for any one gene pool varies greatly and
this can make development of a model system virtually impractical.

Table 1. Factors to consider when establishing plant collections.

Character Field Slow growth In vitro Cryo
Medium term + + -
Long term - - +
Characterize + - -
Evaluate + - -
Virus elimination - + -
Distribution + + +/-
Base collection + + -
Core collection + +/- -
Safety duplication + + +

(+= applicable; -= not applicable)

There are several factors to consider when establishing plant collections (See table 1). The best
storage method or combination of methods can vary with the crop type or perhaps with the
genotype in question. It is important to maintain field collections for evaluation, characterisation,
identification and sometimes distribution purposes. In the case of crops with few insect-borne
virus problems, field collections are preferred if they are in the proper climatic zone for good
growth. Field collections may be preferred for genotypes that commonly produce variants since
they are more easily identified and rogued in the field than in vitro.
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Cost-effective conservation

There is no need to re-emphasize the need to efficiently conserve and sustainably use

plant genetic resources by all countries, as stressed by CBD and GPA. The responsibility of
conserving plant genetic resources of a country, either in in situ and/or ex situ lies with the
country. Like any other activities, conservation of PGR requires an investment and economic
questions thus become important. The value of genetic resources is considered important
because of the belief that genetic resources are extremely valuable, so much so that we cannot
afford the predicted rate of extinction during the next century (Brown 1990). The genetic
resources have uncertain potential value. However, limited budgets necessitate ranking and
cooperation of all concerned to pool the diminishing resource and to share the expertise.
Keeping in mind the limitations of each approach and method, it is prudent on the part of genetic
resources community to work rigorously to develop different methods and cost effective protocols,
which can provide options for a complementary conservation strategy for these globally important
plant genetic resources. In the area of ex situ conservation, increased efforts on cryopreservation
of regenerable tissues of these crops to enhance our capacity to conserve the genetic resources of
difficult-to-conserve species on a long-term basis. There is the scope as well for further progress
to be made in DNA banking, though current situation precludes the use of such stored DNA.
Development of On-farm conservation strategies as well as in situ conservation in natural habitats,
as most of the tree species do occur naturally in the wild, can further enhance the chances of
developing a complementary conservation strategy for a very large group of genetic resources. This
could include various methods of ex situ conservation coupled with in situ conservation.
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LECTURE 2
Germplasm conservation and related phytosanitary measures

Introduction

It is not just enough to conserve genetic diversity, it must be maintained in healthy condition

and should be exchanged through healthy propagules. This is the main responsibility of the
genebank curator. Maintaining disease free material in seed and cryobanks may be easier but in
the case of field genebanks it requires much effort and many processes put in place. Germplasm
health procedures are important in maintaining a healthy collection and providing pathogen-free
plants to requesters. A major difficulty is often the lack of techniques or antiserum for specific
viruses. Curators should consider the health status and susceptibility of the plant when deciding
how to conserve it.

Objectives
* Describe constrains to maintain healthy genebank

* Describe and discuss appropriate measures to maintaining healthy genebanks

* Define and discuss phytosanitary measures needed for exchange of healthy propagules

Description of the lesson
* Maintenance of material free of pathogens of quarantine interest

* Facilitating the availability of germplasm without plant health risks to users

Lessons to learn
* Acquire healthy germplasm into collections
* Maintain disease free germplasm in collections

* Distribute healthy germplasm/propagules to those who request

Conservation of healthy germplasm

The objectives of field genebanks are to maintain healthy, vigorous plants and to minimize risk

of loss or genetic change.This section discusses requirements to maintain germplasm health

in a germplasm collection. Procedures for excluding foreign pathogens and for detecting and
eliminating virus diseases are discussed. There is no doubt that activities to strengthen the
conservation and use of plant genetic resources worldwide, with special emphasis on the needs
of developing countries are of utmost importance. However, care must be taken not to introduce
new pathogens inadvertently. With the high genetic diversity of plants, a diversity of pathogens is
often associated. The diversity of plant genotypes is much needed for the selection of resistant
varieties, which may be the only promising control strategy for some plant diseases.

Clearly, the movement or plants or plant parts between countries or continents entails the risk
of introducing exotic plant pests or pathogens. Less-developed countries often lack adequate
plant quarantine and diagnostic facilities, and are especially vulnerable to the damaging effects
of newly introduced diseases.
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It is extremely important that the risk is recognised, and that a minimum risk transfer form of
germplasm is chosen, such as in vitro plantlets instead of seeds or other form of propagules.
An effective phytosanitary system acts as a filter and not a barrier to germplasm exchange. It
keeps pathogens out and allows germplasm to pass. As some countries have stronger systems
than others the plant breeders and the germplasm community should also give due attention

to pathogens. In addition to the risk of spreading pathogens to new areas (there are numerous
examples where this has happened with germplasm), there is also the risk of the collections,

or part thereof, being destroyed by disease epidemics. This risk is particularly high in field
genebanks.

The choice of phytosanitary measures (exclusion, import permit stating certain conditions,
certification according to the requirements of the importing country, standard quarantine
certificate, post-entry isolation and observation) depends on the risk. The instrument of pest-risk
analysis helps to make the correct choice, provided the required data are available.

Bioversity International (formerly the International Plant Genetic Resources Institute (IPGRI)) has
published jointly with the Food and Agricultural Organization (FAO) Technical Guidelines for the
Safe Movement of Germplasm. Since the publication of these guidelines, further research was
conducted. Germplasm health needs to be considered not only at the point of exchange, but at
any stage of germplasm management (collecting, multiplication, evaluation and characterization,
storage and distribution). Cooperation among breeders/ germplasm curators and regulatory
organizations is essential. Consultation should occur regularly, particularly at early planning
stages for collecting, establishing field genebanks, etc. Germplasm should be exchanged only
for immediate use or for safety duplication.

Pre-acquisition/establishment

The efforts to maintain and distribute healthy germplasm start even before a collection is
established with collection of, as much as possible, propagules from healthy plants and
phytosanitary protocols for material introduced from other genebanks. Some are described here
under.

Site selection: In the case of field genebank, proper site selection is an important factor in
maintaining the health of the collection. To ensure the security of large, diverse collections,
attention must be paid to protection from the worst diseases, insects and pests. Such
protection, when necessary, is provided best under screenhouse (SH) culture. The need for an
SH depends on whether field growing would expose the plants to lethal or debilitating diseases,
pests or temperatures. This question must be answered for each different crop collection. Proper
site selection would tend to minimize these potential hazards. For crop species susceptible to
viruses that are transmitted by insect vectors or pollinators, the screenhouse offers essential
protection when used properly.

Choice of conservation method: Consideration of the diseases of a crop is important in deciding
whether to place an accession in a field plot, a screened enclosure or under in vitro culture.
Generally, the most serious pathogen threat to a germplasm collection will be viruses; however,
viroids, phytoplasmas, bacteria, fungi and nematodes may also infect plants systemically and
may be difficult to detect. Vegetative material is often infested with arthropod pests, and mites,
thrips and mealybugs may be difficult to detect and act as virus vectors. Accessions, which are
very susceptible to pathogens, may be lost if they are placed in the field. Virus-free accessions
are best kept virus free either in screened enclosures or in vitro.

Field collections of accessions with sap-transmitted virus diseases may be somewhat protected
by placing them in isolated fields and eliminating weed hosts. When virus indexing capabilities
are unavailable, curators should refrain from distributing materials that are known to have come
from virus-infected areas.
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However, threatened plants (endangered species or cultivars) should be added to the collection
whatever their virus status, provided that it can be ensured that there is no risk of virus spread.
They must be kept physically separate from the main collection until virus testing and elimination
are done when necessary resources become available.

Considerations when sourcing material

Always consider carefully what type of material you want and really need to source. Check if
you need to bring the plant material well in advance of registering the material in well in advance
to satisfy post-entry quarantine requirements. Check whether the taxa are listed as known
hosts for certain pests and diseases or are prohibited under the plant health regulations of your
country and whether the species known to be invasive or regarded as pernicious weeds. It is
worth remembering that, historically, exchanges of plant materials have been a major factor in
the introduction of invasive species around the world!

Where are you sourcing material from? Import of some materials prohibited under plant health
regulations are only prohibited from certain countries where particular pests or diseases are
known to occur. Check if there suitable within the country sources that could be used instead.
Location of sources should be considered not only in the context of pest and disease risks but
also from the perspective of shipping costs and sustainability, in much the same way as ‘food
miles’.

One may not be able to obtain a phytosanitary certificate for wild-source material. Such material
has generally been exposed to a wider range of pests and diseases than has material of
cultivated origin, and it may not have been produced under controlled conditions. Applying for
a plant import licence for importing natural-source expedition material can take several months;
and, before such a licence is granted, you may need to improve your on-site facilities to ensure
effective containment. Whole plants can harbour a wide range of pests, diseases and viruses on
all parts of the plant. Often, symptoms only emerge several months into the isolation process,
once material is in active growth. Trees