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Foreword

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. Genetic resources of such plant species are
generally conserved in field genebanks (FGB). 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. For many species, FGB is one of the components of a complementary strategy
for the conservation of germplasm.

Despite the importance that FGB plays in conservation of plant genetic resources,
the concepts and scientific principles for establishing and managing field genebanks
are not very well understood by many plant genetic resources workers. Planting a
few plants or trees does not constitute a FGB. There is more science to it that is needed
for continued maintenance of genetic diversity in the accessions planted in the field
as well as to utilize the diversity being thus maintained.

Therefore, the understanding as well as training to improve the skills of those who
deal with establishing and managing field genebanks is urgently needed.

The Asian Development Bank (ADB) supports the IPGRI project on the conservation
and utilization of tropical coconut genetic resources (COGENT). COGENT partners
identified training the participating staff in better methods of establishing and managing
field genebanks as a priority training activity., as FGB continues to be the mainstay
for the conservation of coconut genetic resources. Thus the Regional Training Course
on Establishment and Management of Field Genebanks for Germplasm Conservation
and Use was organized during Sept-Oct 1999 in collaboration with the Universiti Putra
Malaysia (UPM) and the Malaysian Agricultural Research and Development Institute
(MARDI) at the Plant Genetic Resources Centre, Universiti Putra Malaysia (PGRC, UPM).
About 20 participants from different COGENT member countries attended the course.
To facilitate the continued use of the information given to the participants during the
training course, this volume has been developed as a publication, based on the lectures
and practical material used during the training course. This has been jointly edited
by Dr Mohd Said Saad, UPM, and Dr. V.Ramanatha Rao, IPGRI, and published by IPGRI
APO. It is expected that this publication will help the future training of PGR workers
in FGB management as well as a reference material for those involved in FGB
management, not only of coconut genetic resources but other crop species as well.

Percy Sajise
IPGRI-APO
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Chapter 1

Principles and Concepts in Plant Genetic Resources Conservation
and Use

V. Ramanatha Rao

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). It must be recognized that only diversity can allow sustainability and
can lead to development in various human activities. Only diversity can enable social
and economic systems to flourish, allowing the poorest to meet their food and nutritional
needs and cultural diversity of countries of the world (Shiva 1994). During the past
few years there has been increasing awareness on the holistic view of biodiversity,
including agricultural biodiversity, conservation for sustainable utilization and
development (Arora 1997).

The Asia, the Pacific and Oceania (APO) Region possesses a great diversity of crop
and forest genetic resources, along with high agroecological and biocultural diversity.
The major centres of domestication, such as the Indian, Chinese, Southeast Asian and
Pacific regions, are recognized by Frankel, Harlan, Zohary and others (Frankel and
Bennett 1970; Zohary 1970; Harlan 1975; 1992). Plants that have arisen from this region
such as rice, bananas, citrus, coconut, etc. have spread around the world (Ramanatha
Rao et al. 1997; Watanabe et al. 1998). At the same time, crops such as sweetpotato and
groundnut, which originated elsewhere, have moved to this region, and the region has
become a centre of great diversity. This enormous plant diversity has arisen with the
climatic and geographical diversity as well as with the great cultural diversity of the
people, their farming systems and their knowledge of the plants that they use for food,
shelter and income generation. No country is self-sufficient in the PGR that are required
for its needs. Among all areas of PGR activities, exchange of germplasm becomes crucial
for the future needs of conservation of PGR biodiversity and crop improvement
(Ramanatha Rao et al. 1997).

Though conservation and utilization of genetic resources are well recognized, during
this decade their importance has been further highlighted in two global conventions.
Firstly, in the Convention of Biological Diversity (CBD) held in Rio, Brazil, and secondly,
at the International Technical Conference on the Conservation and Use of Plant Genetic
Resources for Food and Agriculture (Iwanaga 1994; FAO 1996a; 1996b). Both conventions
recognized the sovereignty of countries where the PGR occur — within their borders,
but the onus to conserve and use PGR rests with countries and stresses the importance
of equitable sharing of these resources and technologies related to their utilization. The
Global Plan of Action (GPA) included networks for plant genetic resources for food
and agriculture as one of the 20 priority activities.

Plant genetic resources can include genotypes or populations of plants, representing
cultivars, genetic stocks, wild species, etc. Here I will attempt to introduce the general
concepts of PGR conservation and use.
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Components of plant genetic resources

Crop germplasm collections are assemblies of genotypes or populations representative
of cultivars, genetic stocks, wild species, etc., which are maintained in the form of plants,
seeds, tissue cultures, etc. and populations in the wild or on-farm (Frankel and Soulé
1981; Ramanatha Rao et al. 1997). Functionally, PGR constitute landraces, advanced/
improved cultivars and wild and weedy relatives of crop plants (either domesticated
or non-domesticated).

Landraces continue to serve as genetic reservoirs; however, they are eroding rapidly
as they are being replaced by advanced cultivars. Advanced (current and obsolete)
cultivars are resources, which may have importance to future breeders and these need
to be preserved. Wild and weedy relatives of crop species are important sources of disease
and pest resistance, and physiological adaptations that are not found in the domesticated
(species) relatives. All of these are greatly threatened with extinction and their
preservation is a concern for humanity (Ramanatha Rao and Tao 1993).

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 socio-economic factors of the
environment. Due to the 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 (Bennett et al. 1987).

Centres of genetic diversity and genetic erosion

The discoveries by Nikolai Vavilov during 1920-1940 were a major milestone in the
tield 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, and are frequently used by breeders for crop
improvement; this has offered new opportunity for agricultural development (Harlan
1975; 1992; Hawkes 1983; Ramanatha Rao et al. 1997)

The genetic variation in plants was considered as an unlimited resource and its
availability was taken for granted, however, this was not to be (Ramanatha Rao et al.
1997). It was realized that the genetic variation available in the centres of diversity would
soon become extinct if it was not taken care of, due to genetic erosion. The problem
became more serious with the wave of agricultural development demanded by the ever-
increasing population, which had a profound impact on the traditional agriculture,
including the traditional cultivars. The so-called ‘green revolution” affected even the
centres of genetic diversity, which are located mainly in the developing world. Many
factors like the extension and changes in land use, the introduction of modern techniques
of agriculture, use of fertilizers, pesticides, fungicides, etc., made the traditional cultivars
obsolete and led to their rapid replacement with improved cultivars (Frankel 1990,
Frankel and Hawkes 1975), especially in more productive production systems, less
severe marginal areas and low input production systems (Altieri and Merrick1987;
Brush 1989; Jarvis 1999)

Cause for concern

It is well recognized that the great wealth of genetic diversity existing in the plant
genepools holds vast potential for current and future uses of humankind. Generally
speaking, the genetic resources are non-renewable and it is essential that we should
be concerned with their conservation, be it at species level, genepool level or at the
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ecosystem level. Genetic diversity is a defence against the genetic vulnerability, which
has been built into the genetic structure of traditional cultivars (Anon 1973; Brown 1983).
Many disasters have occurred as a result of the narrow genetic base of crops, which
offers little resistance to certain biotic and abiotic stresses (Council 1972; Lebot 1992).
It is clear that genetic uniformity could lead to vulnerability of crops to epidemics and
use of genetic diversity in PGR is essential for maintaining food production.

Countries which still hold significant amounts of genetic diversity and species
diversity have a responsibility unto themselves as well as to humanity at large to
safeguard such diversity and make it possible to be utilized for the development of
their own countries as well as others.

Particular attention has to be paid to the traditional cultivars, a result of many years
of systematic domestication and improvement by unknown numbers of farmers. Due
to the increased pressure on agriculture, they are the most immediately threatened
germplasm. The genetic resources that include the wild and weedy species that are
used in agriculture, forestry or horticulture are also in danger because of deforestation,
developmental activities (e.g. irrigation, hydroelectric projects, mining, oil exploration,
road building and urbanization), expansion of agricultural activities into new areas,
etc. Additionally, some forest species, especially in the tropics, are clearly endangered.
Despite the seriousness of the genetic erosion problem, there have been very few attempts
to measure and monitor the degree of genetic erosion (Mathur and Ramanatha Rao
1999).

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.
The material thus assembled should be properly studied and made available to users.
The characterization 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: 1. exploration, collecting and assembly,
2. conservation and distribution, 3. characterization and evaluation, 4. documentation,
and 5. use. Much has been done and written on all these aspects of germplasm work
in the last three decades (Frankel and Bennett 1970; Frankel and Brown 1984; Holden
and Williams 1984; Plucknett et al. 1987; Brown et al. 1989; Peacock 1989; Marshall 1990;
FAO 1996a; 1996b). In all these areas much progress has been made and there are good
prospects for achieving a great deal more in the near future.

Exploration and collecting

First priority should be given to the collecting of material that is threatened with
disappearance. In general, for the crops and/or regions, which are not well explored
and collected, there is little precise information on the status of material available in
the field, on the level of genetic erosion and on the degree of threat to which it is exposed
(Frankel and Hawkes 1975). Such information needs to be gathered before any collecting
can be undertaken (Guarino et al. 1995).

For successful exploration and collecting, there is a need for well-coordinated effort
with appropriate financial and manpower resources being available. However, there
is a strong need for the genetic resources centres to create a situation in which exploration
will expand and intensify in areas that have been neglected so far (Guarino et al. 1995).



4 ESTABLISHMENT AND MANAGEMENT OF FIELD GENEBANK

Conservation approaches and methods

It is well known that there are two approaches to conservation of PGR - ex situ and
in situ. Ex situ conservation approach generally comprises 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. We will now look at each
method briefly.

Ex situ conservation

Conservation of seeds

In the past, many collections were maintained without the help of storage facilities,
which would extend the viability of seeds. Due to this, the conserved accessions had
to be regenerated very frequently leading to loss of genetic diversity in genebanks
(Frankel and Hawkes 1975). In maintaining genetic purity of the conserved accessions,
problems arise due to differential survival in storage, selection during regeneration,
outcrossing with other entries and genetic drift (Allard 1970). Good storage conditions
coupled with proper grow-outs are expected to reduce the effects of such problems
(Rao 1980). Guidelines for proper handling and storage of seeds of many different crop
species are available from IPGRI and FAO (Frankel and Hawkes 1975;IBPGR 1982; 1985a;
1985b; 1985c; 1985d; Ramanatha Rao 1991; FAO/IPGRI 1994; Sackville Hamilton and
Chorlton 1997.

As opposed to common orthodox seeds, there are a number of species whose seeds
cannot be dried to low levels for optimum storage, referred to as ‘recalcitrant” (Roberts
and King 1986). In such cases imbibed storage (at higher levels of seed moisture) may
be of considerable importance. Very low temperature storage using liquid nitrogen,
called cryopreservation, also appears to be promising, with a more extended life span
than seeds stored in currently what is described as long-term storage (-20'C). Another
area in which considerable work is required is on storage of ultradry seeds (dried to
seed moisture content of 2-5%) at room temperature conditions and in hermetically
sealed containers (Ellis and Roberts 1991; Zhou et al. 1995). However, more research
will be necessary before ultradry seed technology can be adopted (Chai et al. 1997; Kong
and Zhang 1998; Shen and Qi 1998; Zheng et al. 1998).

Conservation of 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 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 (Ramanatha Rao and Riley 1995;
Ramanatha Rao et al. 1998). It is one of the options of a complementary strategy for
the conservation of germplasm of many plant species. At the same time, efforts to develop
and refine other methods, such as in vitro conservation and on — farm conservation,
must continue (Ramanatha Rao et al. 1998).

Conservation of tissues/cells/plantlets

There are a number of important plant species, which cannot be conserved as seeds
and present different problems. Conservation of tuber, root, shrub and tree species
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becomes very difficult. Several techniques to conserve such vegetatively propagated
species have recently been developed and some of them are undergoing rigorous testing.
For some species, the in vitro conservation is the only option available. Though tissue
culture offers great potential for conservation of germplasm of vegetatively propagated
material, two things have been of major technical hindrance to it. First is the genetic
instability of the material conserved as tissue culture due to somaclonal variation.
Secondly, the length of storage as tissue has been limited. Significant work is being
done on both aspects and for some species, tissue culture maintenance is relevant due
to improved techniques resulting in low levels of somaclonal variation. 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 will be possible (Simpson and Withers 1986; Withers 1993; Ramanatha Rao
and Riley 1994a; 1994b; Engelmann and Ramantha Rao 1996). Involvement of more
experienced researchers in different countries is critical in refining in vitro techniques
to be used routinely (Griffis and Litz 1998; Zamora and Gruezo 1998; Perez et al. 1999).

Conservation of pollen

Pollen storage was mainly developed as a tool for controlled pollination of asynchronous
flowering genotypes, especially in fruit tree species (Alexander and Ganeshan 1993).
Pollen storage has also been considered as an emerging technology for genetic
conservation (Harrington 1970; Roberts 1975; Withers 1991). 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). Pollen can be easily collected and cryopreserved in large quantities in
arelatively 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 (Towill 1985; Bhat and Seetharam 1993; Hanna and Towill
1995) and cryobanks of pollen have been established for fruit tree species in several
countries (Alexander and Ganeshan 1993; Rajasekharan and Ganeshan 1994;
Rajasekharan et al. 1994; 1995; Ganeshan and Rajasekharan 1995).

DNA storage

Storage of DNA is, in principle, simple to carry out and widely applicable. The storage
of DNA 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
(Council 1993). Transgenic plants have been produced with genes transferred from
viruses, bacteria, fungi and even mice. Such efforts have led to the establishment of
DNA libraries, which store total genomic information of germplasm (Mattick et al. 1992).
However, strategies and procedures have to be developed on how to use the material
stored in the form of DNA. Therefore, the role and value of this method for PGR
conservation are not completely clear yet (Adams et al. 1992; Ramanatha Rao 1998).

Botanical gardens

There are about 1500 botanical gardens and arboreta in the world (WWEF-IUCN-BGCS
1989). The objectives of most of the gardens include (a) maintaining essential ecological
processes and life support systems, (b) preserving genetic diversity, and (c) ensuring
sustainable utilization of species and ecosystem. However, the botanical gardens may
play a limited role in the context of conservation and propagation and probably a greater
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role in public awareness and education. Botanical gardens may mainly be used to display
a great number of different and exotic species. As the number that can be maintained
in this manner is limited, it cannot 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

In situ 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 (Frankel
1970; Frankel and Soulé 1981; Ledig 1988; 1992) and complement ex situ conservation
efforts. In general, research and monitoring are 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 (Berg 1996).

Biosphere reserves/protected areas

In general, the biodiversity at the species and ecosystem level can only be conserved
through in situ conservation (McNeely 1996). 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 (Maxted et al. 1997). These are often not very accessible
for use and the monitoring and management may be suboptimal due to difficult
conditions under which these need to be performed. For the same reason,
characterisation and evaluation will be limited. The reserves are also vulnerable to
natural and human-made disasters.

On-farm conservation

In 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 (Hodgkin et al. 1993; Ramanatha Rao et al. 1997).
Traditional farmers use landraces which are developed by the farmers and strongly
adapted to the local environment (Harlan 1992). In the case of agrobiodiversity, the
effects of growers’ practices are of paramount importance. It is now possible to monitor
and estimate genetic diversity using molecular markers (Hodgkin and Debouck 1992;
Ramanatha Rao and Riley 1994a; 1994b; Ramanatha Rao et al. 1997). However, the limited
resources available for such work make it difficult to implement.

Sustainable in situ conservation will require community participation, control of
land rights in local communities, education, extension and development of
environmental awareness, and must benefit the local communities (McNeely 1994; 1996).
It is important to consider traditional knowledge, diversity of uses, people’s
participation and cooperation between local people, researchers, conservationists and
non-governmental organizations (NGOs). Conservation activities by commercial and
private agencies can also be promoted as this can lead to much wanted linkages among
the public, community and private sectors in plant genetic resources conservation (Riley
1995). Much progress has been made in understanding the scientific basis of on-farm
conservation of agrobiodiversity (Sthapit 1998; Friis-Hansen 1999; Jarvis 1999).
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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 gardens, as a single unit, have 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 underutilized species. Home gardens are also known to be testing grounds
for the 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 will continue to play
a role in genetic diversity conservation as well as development (Evenson 1986; Michon
et al. 1986); however, the system is vulnerable to changes in management practices.

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 differ from that used in another genepool and there is
now increased emphasis on developing and implementing complementary conservation
strategies for various important genepools (Eyzaguirre 1995; Maxted et al. 1997; Eero
Nissild et al. 1998b; Ramanatha Rao 1998) (see Chapter 5).

Characterization 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 utilization in crop improvement. The key to successful
use of variability from broad genepools requires the knowledge of desirable traits available
in the germplasm and this requires a systematic evaluation of germplasm (Rao 1980).

Characterization and evaluation may serve two functions. Firstly, many of the
characters that are recorded on individual accessions can serve as diagnostic descriptors
for the accessions. Such diagnostic characters will help genebank curators to keep track
of an accession and check for the genetic integrity over a number of years of conservation.
The second function is related to use of the material. Both characterization and evaluation
result in recording of a number of agronomic traits and this will help the user to identify
accessions with desirable traits for use in crop improvement.

Since most of the traits recorded during characterization can be morphological in nature,
the person responsible for managing the germplasm material is best placed to carry out
this work. In contrast, evaluation is primarily carried out by users, in multidisciplinary
teams, consisting of breeders, entomologists, pathologists, agronomists, etc. The potential
value of the germplasm depends on the efficiency of the techniques designed to differentiate
among accessions. Because the farmers are the ultimate users of the product of any crop
improvement programme and possess valuable traditional knowledge, due consideration
must be given to involve farmers at some point during any evaluation programme.
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The role of characterization and evaluation is basically to describe an accession with
its various attributes — morphological, physiological, agronomic, 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 task of describing or using
germplasm is relatively easier if it can be described in terms of genes and alleles than
in terms of phenotypic expressions, but this is rarely possible. The evaluation descriptors,
although contributing to some extent to identifying an accession, are more interesting
than characterization descriptors because of their value in crop improvement. In general,
effective evaluation is possible when there is close institutional and/or personal
interaction between curators and breeders or other crop improvement scientists, and where
breeding objectives are reflected in evaluation programmes (Riley et al. 1996a; 1996b).

Distribution, exchange and germplasm health

It is important that all accessions in the genebank are available to all those who wish
to use them, either in crop improvement or for other studies. As far as possible, any
information on the accession must accompany the seed material. While exchanging PGR
germplasm health should be considered and safe exchange protocols should be followed
(Spiegel et al. 1993). Biotechnology has played an important role in assisting safe
distribution of PGR through exchange of PGR as disease-free cultures (Frison 1981;
IBPGR 1988; Ng 1988; Dodds and Watanabe 1990; Delgado and Rojas 1993). Meristem
culture is a way of cleaning clonally propagated plants of infections of bacteria and/
or viruses. This method is extremely useful for producing disease-free stock plants
for exchange or for starting a cycle of plantation (Hvoslef-Eide and Rongli 1995).

Documentation

Progress in the field of plant genetic resources is related to the conservation of eroding
genetic resources and utilization 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 has become essential. IBPGR 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. For efficient study and use of genetic resources we need a system
especially designed to provide information on a number of accessions with a large
number of descriptors, with a minimum of cost in obtaining the information. Germplasm
information management can be the key in many countries for the success of effective
conservation and use of PGR (Mathur and Quek 1997; 1998; Riley et al. 1997; Eero Nissila
et al. 1998a; Quek 1998). There is also increased attention being paid for documentation
and management of data on in situ conservation (Carrascal et al. 1995; Quek and
Ramanatha Rao 1995; Quek and Zhang 1995; Hunt and Sherill 1998).

Utilization of plant genetic resources

One of the major objectives of conservation of PGR is to make genetic diversity available
for immediate or future use. The widest possible range of genetic diversity has to be
conserved in order to meet future, as yet unknown, needs (Hodgkin and Debouck 1992).
Any PGR programme is expected to promote and facilitate the use of conserved material
through: maintenance of healthy and readily accessible and adequately characterised/
evaluated material; and proper documentation of the relevant information. Use of
conservation material might be limited because breeders continue to make reasonable
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progress in most crop species and broadening the activated genetic base generally dilutes
agronomic performance. Yet 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 (Kannenberg and Falk 1995).
In addition, biotechnology offers various means of manipulating the fundamental
processes of energy flow and biogeochemical (nutrient) cycles (Mannion 1995).
Complementing conventional plant improvement, biotechnology can provide a powerful
set of tools, which can be used to develop or improve new crop cultivars. However,
it is essential to keep in mind that most of the emerging technologies tend to disregard
the many interactions between genes, i.e. primarily looking only at the effects of gene(s)
and not the whole effect of the gene(s) in the genomic background of crops plants, the
genotype (Demarly 1994). There is a need to increase efforts to correct this aspect as
these methods could be used effectively to improve the productivity of plants on a
sustainable basis. The genetic engineering techniques may target underexploited plant
species so that the number of crops we depend on is increased, thus diversifying
agriculture. Biotechnology can also assist developing nations by focusing on regionally
important species for use, including sources of food, fibre, medicine, etc.

Role of plant genetic resources

As noted earlier, history has shown that many disasters have occurred as a result of
the narrow genetic base of crops, which offers little resistance to certain diseases. We
have also noted that the genetic vulnerability of our crops can seriously damage
agricultural production. However, in this case public and private plant breeders with
access to genetic diversity were able to produce resistant material within a relatively
short time. A number of studies indicate that efforts undertaken in the conservation
of crop genetic resources have paid significant dividends.

The world’s human population in 1850 was 1.1 billion and increased to 2.0 billion
only in 1930. It has now reached 6 billion and is estimated to reach 9 billion in 2005.
As the world’s population continues to increase, it demands a higher and higher yield
from agriculture. Recent research in cell biology, molecular genetics, recombinant DNA,
tissue culture, and related fields, is opening up new possibilities for progress in
agriculture. The development in biotechnology allows scientists to transfer genes for
crop improvement in a relatively short time. But the genes for such engineering
manipulations have to be provided from genetic resources.

The world’s agriculture has been confronted by numerous problems. For example,
we do not know what new diseases, insects or other pests, and soil and atmospheric
problems we will have to face in the future. New strains of pests continue to develop
and attack those crop cultivars or landraces that were originally resistant to these pests.
We do not know what physiological and morphological characters will be needed for
crops to perform well in a possible post-nuclear war era, although the chance for a
nuclear war is less than before. We have been warned repeatedly that a greenhouse effect
may cause temperature changes through higher and higher carbon dioxide and other gases’
content in the atmosphere. If this happens, new varieties, which can adapt well in the new
environment will be required. But as the future environment is largely unknown, even the
scientific specialists do not know what genes will be required in the future. Therefore, genetic
resources have to be collected and conserved for future use before they disappear forever.

Cost-effective conservation

There is no need to re-emphasize the importance 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 situ and/
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or ex situ lies with the country. Like any other activities, conservation of PGR requires
an investment and economic questions thus become significant. This concern in recent
years has been exacerbated due to the economic slow-down in many countries in the
region, threatening continued support for conservation efforts in many countries in
general and more specifically in Southeast Asia. This has underscored the need for
highlighting the importance of PGR in economic terms.

Since most of the genetic resources of interest are not traded, there are no prices.
Other things being equal, genetic resources that have the least cost of preservation ought
to be ranked above those with greater cost (Brown 1990). However, things are not always
equal. There have been even suggestions that a species/genetic resource is worth
preserving if it yields products of commercial worth. If this norm were applied 50 years
ago we would have promoted the extinction of several hundreds of plant species that
are worth millions of dollars of revenue today. Nevertheless, it is important to
understand that the recognized value of a resource does not mean that it should be
conserved wherever it grows. 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 co-operation of all concerned to pool the diminishing resource
and to share the expertise.

In recent years, we often hear and read about cost-effectiveness. In fact IPGRI’s major
aim is to develop cost-effective conservation technologies. However, usually when we
refer to cost-effectiveness, the stress tends to be on cost and not on effectiveness. We
need to note that our responsibility is conservation of genetic diversity and preservation
of genetic integrity of conserved material effectively, minimising the costs involved.
We cannot sacrifice genetics (which is central to what we are all trying to do). As you
all know, nothing comes without a cost. Genetic resource conservation is a long-term
activity with a large initial investment and continuing cost. Enhancement of agricultural
production has received preferential support and, because of this and the few
immediately tangible benefits (such as employment) of PGR conservation, the latter
has received lower conservation priority (Cohen el al. 1991). What probably is urgent
is a system of monitoring and costing conservation efforts, so that the efforts can be
streamlined and made efficient and costs can be brought down. Efficient germplasm
management is the need of the hour.
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Chapter 2
Legal Issues in Plant Genetic Resources

Mohamad, O. and A. H. Zakri

Introduction

Since the Stockholm Declaration in 1972, there have been a number of international
instruments developed for the protection of biodiversity including plant genetic
resources, but many of these are limited and sectoral in scope (Manokaran 1995). The
Convention on Biological Diversity (CBD) is now the most comprehensive and far-
reaching environmental of the treaties ever developed. Chronologically, international
initiatives and instruments include the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES) (1973); the International Union for the Protection
of New Varieties of Plants (UPOV Convention) (1978, 1979); International Undertaking
(IU) of the Food and Agriculture Organization of the United Nations (FAO) (1983); the
Convention on Biological Diversity (1993); World Trade Organization — Agreement on
Trade-Related Aspects of Intellectual Property Rights (WTO-TRIPs Agreement) (1995);
and the Global Plan of Action(GPA) for PGRFA of the FAO (1996) (Fig. 1).

The legal issues that surround plant genetic resources are quite complex and many of
these still need to be resolved. So an attempt is made here to review various international
developments that have a bearing on the legal issues related to plant genetic resources.

Plant genetic resources, conservation and utilization

It is estimated that about 80,000 plant species are edible, but only about 30 species account
for more than 99% of those consumed. Six species, namely wheat, corn, rice, barley, soybean
and potato, comprise more production than all other plant species combined. In 1990, the
FAO estimated that since 1900 approximately 75% of genetic diversity in agricultural crops
has been lost.

The conventional solution to the conservation of plant genetic resources has been the
establishment of genebanks. These are based on collections of genetic material, from centres
of crop origin and elsewhere, that are stored in controlled conditions and periodically regenerated.
Genebanks have been important sources of material for plant breeding programmes and other
research activities, and will continue to be a basic element in conservation programmes. According
to the FAO, there are approximately 6.1 million plant accessions (although many may be
duplicates) in 1308 national and regional genebanks around the world. Of these, some 600,000
are maintained within the Consultative Group on International Agricultural Research (CGIAR)
system, and the remaining 5.5 millions accessions in regional and national genebanks (Fig. 2).
Of the accessions stored, 60% are in long-term or medium-term facilities, 8% in short-term facilities,
and the remainder are in field genebanks, or are stored using new techniques such as
cryopreservation. Only 15% of all plants in seedbanks are wild or weedy plants. IPGRI is one
of the world’s most active promoters of collecting and conservation of valuable and endangered
plant genetic resources. By 1997, IPGRI had assisted collecting of over 200,000 samples that
otherwise might have been lost. Almost 80,000 of these accessions are held in trust in CGIAR
genebanks, and the rest in genebanks of developing countries.

Forty per cent of all accessions in genebanks are cereals, and 15% are food legumes.
Vegetables, roots and tubers, fruits and forages each account for less than 10% of global
collections. Medicinal, spice, aromatic and ornamental species are rarely found in long-
term public collections. Aquatic plants of relevance for food and agriculture are likewise
not found in such collections.
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Fig. 1. Global initiative in biodiversity

Plant genetic resources can be preserved ex situ through various techniques. The seeds
of many species (with so-called orthodox seeds) can be stored in dry, low-temperature,
vacuum containers. For some of these species, storage at extremely low temperatures, below
-130°C (cryogenic storage), may extend the storage life to more than a century. In contrast,
species with recalcitrant seeds can be maintained only in situ or in field collections, arboreta
and botanic gardens or as tissues in in vitro collections. The world’s more than 1500 (about
230 are in tropical countries) botanic gardens today contain at least 35 000 plant species
or more than 15% of the world’s flora. For example, the Kew Gardens alone contains an
estimated 25 000 species of plants, and some 2700 of these species are considered rare,
threatened, or endangered. Many species with recalcitrant seeds, particularly species that
can be grown from tubers and other vegetative parts, such as banana or taro, can be
maintained by growing plant tissue in in vitro culture.
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Fig. 2. World germplasm holdings by category of holder
(Source: Iwanaga 1993)
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Ex situ conservation complements in situ efforts for maintaining species and genetic
diversity. Ex situ conservation may also represent a last resort for many species and
varieties that would otherwise die out as their habitats are destroyed or modern varieties
of plants take their place. The main benefit of ex situ conservation is in providing breeders
with ready access to a wide range of genetic materials with useful traits.

Genebanks have their own share of problems. Although some of the larger genebanks
contain impressive numbers of accessions, the costs of characterizing, evaluating and
cataloguing genetic resources materials are considerable. Only a small proportion of
genetic resources is actually used by plant breeders, partly because of inadequate
characterization of accessions. In addition, farmers usually do not have easy access
to the materials they have donated. The control of genetic resources is also an issue
of debate owing to the concerns that countries that host an important international
collection can deny another country access to it for political reasons.

Plant genetic resources and biopiracy

These issues of control of genetic resources collections are contentious as countries are
increasingly concerned with the possibility that their local landraces may be collected,
utilised commercially, and even legally protected, without any compensation — leading
to biopiracy.

Biopiracy controversy in relation to genetic resources reached its climax in early
1998, when alleged biopiracy by two Australian agricultural agencies was reported.
The two agencies — Agriculture Western Australia and the Grains Research and
Development Corporation (GRDC) — had allegedly applied for Plant Breeder’s Rights
(PBR) under the Australian Plant Breeder’s Rights Act, 1994, with respect to two chickpea
cultivars, which had been bred from material provided by the International Crop
Research Institute for the Semi-Arid Tropics (ICRISAT). These PBR applications were
described as biopiracy since the two Australian agencies thought that they could apply
for property rights (privatising) on chickpeas that were claimed to belong to farmers
in India and Iran.

Australian PBR applications made by the Centre for Legumes in Mediterranean
Agriculture (CLIMA) in relation to a peavine and a lentil which had been bred from
genetic stocks obtained from the International Centre for Agricultural Research in the
Dry Areas (ICARDA) were also rejected.

These controversies prompted an examination of the legal status of the material
held in the genebanks of international agricultural research institutes (under CGIAR)
and an examination of the management practices applied in relation to the intellectual
property rights generated from that material.

CGIAR and plant genetic resources collections

The Consultative Group on International Agricultural Research (CGIAR) was established
in 1971 with the mission to contribute through its research to promoting sustainable
agriculture for food security in the developing countries through a network of 16
international agricultural research centres located in 12 developing and 3 developed
countries. It is supported by the World Bank, the Food and Agricultural Organization
of the United Nations (FAO), the United Nations Development Programme (UNDP)
and the United Nations Environment Programme (UNEP). Research at CGIAR centres
covers food commodities that provide 75% of calorie and protein requirements of
developing countries.

One of CGIAR'’s principal research objectives is to contribute to the preservation
of biodiversity by establishing an ex situ collection of plant genetic resources. The CGIAR
centres have jointly created the largest existing collection of plant genetic resources,



20 ESTABLISHMENT AND MANAGEMENT OF FIELD GENEBANK

accounting for one third of the entire stock of plant genetic materials of their mandate
crops stored in genebanks worldwide. This collection currently comprises over 600 000
accessions of more than 3000 crops, forage and pasture species. The CGIAR also helped
the conservation of more than 140 species stored in genebanks of some 450 non-CGIAR
institutions in over 90 mostly developing countries.

Reacting to the biopiracy controversy, CGIAR called for a moratorium on the granting
of intellectual property rights over plant genetic resources held in its centres.

Anumber of centres have adopted policies which provide for the use of Material Transfer
Agreements (MTAs) in the transfer of genetic resources. In 1994 twelve CGIAR centres that
deal with crops entered into agreements with the FAO and placed their collections into
an International Network under the auspices of the FAO. Through these agreements, the
centres accepted that these materials remain in the public domain and be held in trust for
the international community, and that they would not claim ownership, or seek intellectual
property rights over the designated genetic resources and related information.

IPGRI

During the late 1970s, several countries expressed concern about resources originating
in the developing countries, but were stored in the developed nations. This led to the
establishment of the International Board for Plant Genetic Resources (IBPGR) in 1974.
Along with promoting collecting and conservation of plant genetic resources, IBPGR
also coordinated the international network of designated genebanks. In 1981, the FAO
meeting proposed that an international system of genebanks be created under the
auspices of the FAO, which led to the transfer of control of germplasm from IBPGR
to the FAQO itself. In 1992, in an effort to establish a new institution and administration
separate from the FAO, the IBPGR was transformed into a new autonomous organization
called the International Plant Genetic Resources Institute (IPGRI) within the CGIAR.
This decision reflected the need for a flexible and independent response to new
challenges, the active involvement of many dedicated new partners, and IBPGR’s
conviction that national agricultural research institutions should be the foundation for
successful global genetic resources programme.

The FAO and plant genetic resources

In 1983, the FAO adopted the International Undertaking on Plant Genetic Resources
(IU) based on the principle that plant genetic resources should be freely exchanged
as a “heritage of mankind” and should be preserved through international conservation
efforts. Specifically, the Undertaking is a non-legally binding instrument for:

* the exploration and collection of genetic resources

the conservation in situ and ex situ

the availability of plant genetic resources

international cooperation in conservation, exchange and plant breeding
international coordination of genebank collections and information systems

The FAO Conference established the Commission on Plant Genetic Resources as
a permanent intergovernmental forum to deal with questions concerning plant genetic
resources, and IU was adopted as the formal framework for its activities.

In subsequent years the principle of free exchange has gradually narrowed. The
25th Session of the FAO Conference in November 1989 adopted two resolutions: first,
the acknowledgement of plant variety rights (to benefit industrialized countries which
have been active in seed production) and second, the endorsement of the concept of
farmers’ rights (a concession to developing countries to reward the past, present and
future contributions of farmers in conserving, improving and making available plant
genetic resources).
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The principle was further narrowed when the 26th Session of the FAO Conference in
November 1991, while reaffirming that plant genetic resources were the common heritage
of mankind, subordinated it to the sovereignty of states over their plant genetic resources.

After the conclusion of the Rio Earth Summit in 1992, the 27th Session of the FAO
Conference in November 1993 unanimously adopted a resolution to bring IU into
harmony with CBD, and also to resolve the issues of access to plant genetic resources
in ex situ collections not addressed by the CBD.

In 1995 the FAO Conference broadened the Commission’s mandate to embrace all
components of agrodiversity, and was renamed the Commission on Genetic Resources for
Food and Agriculture. The FAO considered that this would facilitate cooperation between
the FAO and CBD in the area of genetic resources of relevance to food and agriculture.

In discharging its mandate, the Commission has coordinated the development of
the Global System for the Conservation and Utilization of Plant Genetic Resources for
Food and Agriculture. The Global System comprises three elements:
¢ The first element consists of voluntary codes of conduct for plant genetic resources

collecting and transfer and on biotechnology, as well as the 1994 FAO/CGIAR

Agreement on Genebanks.
¢ The second element is a “Global Mechanism” comprising A World Information and

Early Warning System, networks of ex situ and in situ and on — farm collections

and crop specific networks.

* The third element consists of three global instruments: an inventory of the “State
of the Worlds Plant Genetic Resources”, a “Global Plan of Action on Plant Genetic

Resources” and the “International Fund for the Implementation of Farmers’ Rights”.

The Global Plan of Action (GPA)

Plant genetic resources provide the raw materials that are the essential building blocks
of plant varieties and animal breeds upon which agriculture depends. Thousands of
different, genetically unique varieties of crops in existence are the result of millions
of years of natural biological evolution, as well as careful selection and nurturing by
our farming ancestors during the thousands of years of agriculture. The wealth of crop
varieties built up over thousands of years is dwindling. And the reduction of crop genetic
resources has accelerated since 1950s, when the Green Revolution introduced intensive
agriculture to large parts of the developing world.

According to estimates by the United Nations, in the next thirty years, the world
population will increase to 8.5 billion people. And this population will lead to big
increases in the demand for the production of food, particularly cereals. By the year
2025, world food production has to more than double to feed the population. As we
expect little expansion of the area under agriculture, the doubling of world food
production must come primarily from increased productivity, through yield increases
from new high-yielding varieties developed through plant breeding.

The interdependence of countries is particularly high with respect to crop genetic
resources. The food and agricultural production systems of all countries are heavily,
or even predominantly, dependent on genetic resources of plants, which originated from
elsewhere and subsequently developed in other countries and regions over the millennia.

For this reason, the role of conservation of plant genetic resources especially for
food and agriculture and their sustainable use will again become increasingly important.
This resulted in the adoption of the GPA by the Intergovernmental Fourth International
Technical Conference on Plant Genetic Resources held in Leipzig, 17-23 June 1996. The
GPA has been adopted by 150 countries and is expected to guide the world’s activities
in the conservation and use of genetic resources, and will provide a strategy to guide
international cooperation on plant genetic resources for food and agriculture well into
the next century.
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The Convention on Biological Diversity

The Convention on Biological Diversity (CBD) was signed by the world’s heads of states
and governments at the Earth Summit in Rio de Janeiro in June 1992, and this legal
instrument came into force on 29 December 1993. The Convention reaffirms the sovereign
rights of the States over their biological resources and their responsibility for conserving
their biological diversity and utilizing the biological resources in a sustainable manner.
The Rio Earth Summit promulgated the CBD, The Rio Declaration on Environment and
Development and Agenda 21.

The CBD is an attempt to establish a programme for the preservation of the world’s
biological resources (comprising species diversity, genetic diversity and ecosystems)
with the following objectives:
¢ the conservation of biological diversity
¢ the sustainable use of its components
* the fair and equitable sharing of the benefits arising out of the utilization of genetic

resources

The Convention acknowledges the sovereign right of nations to exploit their own
resources according to their own environmental policies, but nations are required to
facilitate access to genetic resources for environmentally sound purposes by others on
mutually agreed terms (MAT) and on the basis of prior informed consent (PIC).

The Convention also sipulates that countries (particularly developing countries)
which provide the bulk of the genetic resources shall be granted access to and transfer
of technology that makes use of and shares the results and benefits arising from
biotechnologies based upon those resources.

The Convention distinguishes between genetic resources collected prior to 29
December 1993, when it entered into force, and subsequently collected genetic resources.

Access and Benefit Sharing (ABS)

The CBD marks a transition from an exploitative and inequitable relationship between
the providers and users of biological diversity to a new global relationship based on
the principles of equity and ethics (Glowka 1998). Often, those who painstakingly
preserve biological diversity remain poor, resulting in a dichotomy -poverty of the
donors vis-a-vis the prosperity of the users. Since biological diversity provides the
foundation for food and agriculture, livelihood and health for humankind and also
offers countless opportunities for biotechnology industry, the paradigm shift introduced
by the CBD in this new beneficial relationship is an extremely significant one from the
point of harmony between different communities and countries of the world. By
generating a sense of partnership, undesirable practices through unilateral means which
amount to biopiracy can lead to biopartnership. In other words, while providing access
to biological diversity, it is imperative that there should be equity in benefit sharing.

The Convention establishes conditions for the “countries of origin” to capture the
economic benefits of genetic resources and to channel the benefits towards biodiversity
conservation efforts. In other words, it creates a new international legal framework,
which regulates access to genetic resources and promotes fair and equitable sharing
of benefits arising from their use (Mohamad 1998). A great challenge facing many gene-
rich countries is the conversion of their biological resources into economic wealth in
an ecologically sustainable and socially equitable manner.

In addition, the Convention requires parties to take all measures to conserve and
to sustainably use genetic resources occurring within their borders, 1) to endeavour
to create conditions which facilitate access to genetic resources by other parties for
environmentally sound uses, and 2) not to impose restrictions which run counter to
the objectives of the Convention. At the same time disputes involving access to exchange
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of genetic/biological resources, and disputes on ownership of genetic resources and
the sharing of benefits arising therefrom have been at the centre of international policy
and law.

Access agreements — sometimes called contracts, material transfer agreements
(MTAs), information transfer agreements (ITAs) or research agreements — will likely
become the primary means to:
¢ Authorise access to genetic resources,
¢ Control subsequent use, and
¢ Establish the return of benefits from their subsequent use.

Access legislation should clearly establish the principles that access to genetic
resources should be on MATs and subject to PIC.

The ABS provisions of the Convention do not apply to genetic resources collected
prior to the Convention’s entry into force. Therefore, parties with collections of genetic
resource which were collected originally from other parties before the entry into force
of the Convention are not obliged to share benefits derived from their use with the
latter since they were technically not acquired in accordance with the Convention. They
can, however, choose to do so. The Convention left the situation with regards to ex
situ collections of plant genetic resources unresolved, which needs to be addressed within
the context of the renegotiations of IU.

The problems of ex situ collections

The exclusion of genebank and botanic garden materials collected before the coming
into force of the CBD poses a difficult problem. It can be argued that, unless this issue
is resolved satisfactorily, almost all of the collections that we know that exist and are
most likely to be commercialized in the coming decades are not protected outside of
the Convention and beyond the reach of many developing countries that have been
the major donors.

WTO agreement on trade related aspects of intellectual property rights (TRIPS)

As the CBD was being formulated, there were also negotiations of the Uruguay Round
of the General Agreement on Tariffs and Trade (GATT). To protect intellectual property,
a range of mechanisms for the enforcement was introduced, and resulted with the
Agreement on Trade Related Aspects of Intellectual Property Rights (TRIPs), a condition
of membership to the World Trade Organization (WTO) (WTO is the successor of GATT).
Of interest, the TRIPS Agreement relates to intellectual property rights over plant
varieties, animal breeds, related technologies and genetic resources, and has important
implications to the development of agricultural economies and trade. WTO member
countries failing to comply with these standards may be subject to dispute settlement
procedures within the WTO and eventually to trade sanctions.

Article 27.3(b) of the TRIPS Agreement requires all members to provide plant variety
protection (PVP) either by patents (e.g. legislation based on UPOV) or an effective sui
generis system, or a mixture of both. In all probability, the UPOV Convention, which
provides for the registration and grant of intellectual property rights in relation to new,
distinct, uniform and stable (DUS) plant varieties may apply. However, sui generis
systems can be developed to suit the needs of individual countries.

Developing countries are given a period of five years to comply with TRIPs
commencing from the date of entry into the WTO Agreement, in April 1994. Least
developed countries are permitted an additional five years for the implementation of
TRIPs. However, article 27.3(b) is currently under negotiation.



24 ESTABLISHMENT AND MANAGEMENT OF FIELD GENEBANK

GMOs and biosafety

Living organisms have been manipulated for centuries, using traditional techniques
such as classical plant breeding to produce new varieties. Over the years, methods have
become increasingly sophisticated with the development of a wide range of novel
molecular biotechnologies. The most significant of these has been recombinant DNA
technology, which makes it possible to use and transfer DNA from widely different
sources resulting in genetically modified organisms (GMOs) — organisms whose genetic
makeup has been altered by the insertion or removal of small fragments of genes or
genetic material (e.g. DNA, RNA, plasmids) in order to create or enhance desirable
characteristics. Traits such as herbicide and pest resistance can be incorporated into
crops to increase yields.

Modern biotechnology has far reaching applications for agriculture, chemical
processing, human and animal health, and environmental management, and is one of
the fastest growing industries in the world. However, the release of genetically modified
organisms into the environment raises many questions about safety, ecological and
agricultural impacts, genetic diversity, socio-economic effects, and the appropriateness
of using genetically engineered organisms in particular applications. Many concerns
relate to the nature of the risks involved, which are often difficult to predict and
determine. Complex relationships exist between inserted genes and other genes, and
between genes and the biochemistry of cells and organisms. If not controlled and
monitored, genetic engineering risks triggering a cascade of uncertain effects and
reducing natural biodiversity. The need to regulate the transfer, handling, use and release
of GMOs to minimise and to avoid adverse potential risks on plant, animal and human
health is now widely recognised. With the derailment of the Biosafety Protocol in
Cartagena, many countries are now drafting national biosafety legislation.
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Chapter 3
Health Issues in Plant Genetic Resources

A. Nathan Ganapathi

Introduction

One of the important aspects of good management of plant genetic resources is the
health status and health certification procedures adopted. In maintaining pest-free
germplasm, plant quarantine procedures play an important role. The crucial role plant
quarantine plays in germplasm transfer, and the necessary procedures are of critical
importance to the movement of germplasm materials within the region and elsewhere
in the world. Plant quarantine should recognise the intrinsic value of plant genetic
resources and that germplasm exchange promotes crop productivity through new breeds.
Plant quarantine helps promote agricultural development by ensuring that crops are
safeguarded from being threatened by the introduction of pests. Pests in this context
include insects, mites, fungi, bacteria, nematodes, viruses, viroids, spiroplasma,
mycroplasma, weeds, snails and slugs (Ikin 1989). Plant quarantine plays a very crucial
role in the transfer of pest-free germplasm within the region and elsewhere in the world
(Turner 1983).

There is a need for aligning plant quarantine procedures with the movement of
germplasm. Plant quarantine procedures need to be implemented including intensifying
regional and international campaigns for pest-free agriculture. Plant quarantine
regulations are legitimate means to facilitate, rather than restrain the efforts of, for
example, establishing genebanks for the use of present and future generations. The
Southeast Asian region is home to many wild plant species, which contain rich gene
sources, and countries will continue to import germplasm that is needed to improve
their agriculture base. With these germplasm imports lies the danger of introducing
new pests. Coconut and other palm trees have numerous diseases and disorders of
known and unknown causes. Some of the economically important diseases of coconut
palms are cadang-cadang disease present in Mindoro Island in the Philippines and socoro
wilt in the Pacific region. Another devastating one is the wilt disease of oil palm caused
by Fusarium oxysporium f sp. Elaeidis. This disease is found in Africa and is transmitted
through contaminated seeds and pollen and could be introduced into o0il palm growing
areas of Southeast Asia. To avoid introduction of such diseases, plant quarantine provides
the opportunity to consider calls for vigilance that may also require the attention of
those in the germplasm business (Ganapathi 1996).

Agricultural research centres worldwide have been exchanging germplasm.
Scientists, researchers and plant enthusiasts are as fascinated as the common man to
bring home exotic materials, fanciful or useful for propagation, conservation or
preservation. The chances for pest entry into another area are greater if nothing is done
to regulate the movement of plants and genetic materials (Ganapathi and Chew 1989).
Seedborne viruses have been found to be present in imported germplasm collections.
Seedborne viruses can easily escape plant quarantine inspection unnoticed. Since viruses
can accompany crop genes in breeding programmes, these pests can prove real threats
to other breeding material. Considering their effects on germplasm conservation, we
shall be fanning economic disaster if we engage in commercial exchange of infected
germplasm (Bos 1989).
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Pests — checklist

The increasing international trade in agricultural products is inevitable. Thus to prohibit possible
pest entry most developed countries have imposed strict quarantine restrictions. Developing
countries have also been imposing plant quarantine regulations, but, in most cases, not as
stringently as in the developed countries. In the ASEAN region, national and regional lists
of pests not yet occurring in the region have been developed. For such pests, close vigilance
is maintained by the region’s plant quarantine services to guard each member country against
entry of these exotic pests, while those found in certain areas in the region are kept in seclusion.

The results of a study conducted at the ASEAN Plant Quarantine Centre and Training
Institute (PLANTI) in 1993 on weed interceptions in Malaysia revealed that there were as
many as 87 weed species found contaminating imported seed consignments. Besides known
and already available weeds, these consignments contained weed seeds that were not known
in this country. The records of pest interceptions in the ASEAN member countries also illustrate
that there have been pest exchanges between the countries of the developing world. These
interceptions are alarming but also illustrative of the effectiveness of quarantine measures.

Southeast Asia is largely dependent on agriculture. If pests could slip through ports
into our crops, then the outcome could be disastrous. For instance, if by sheer accident,
the dreaded South American leaf blight that is present in tropical America, is introduced
into Malaysia, the multiplier effect of one such accident will spill over the border into
Thailand, Indonesia or even the Philippines and other countries and could cripple the
thriving rubber industry.

International germplasm organizations

The contributions made by international germplasm organizations are a demonstration of
the support and understanding of the plant quarantine mission. These participating
international organizations include the International Rice Research Institute (IRRI) in the
Philippines, the International Centre for Maize and Wheat Improvement (CIMMYT) in Mexico,
the International Centre for Agricultural Research in the Dry Areas (ICARDA) in Syria, the
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) in India, and the
Institute for Plant Protection (IPP) and Plant Protection Research Institute (IPO), both in the
Netherlands. These organizations all have a profound involvement with the plant quarantine
services in their countries. CIMMYT’s own seed health unit collaborates closely with the
Mexican Plant Protection and Quarantine Organization. Indeed all other research centres
mentioned earlier also have been cooperating with their quarantine counterparts. It is an ideal
set-up, one that fuses goals of both the quarantine sector and the scientific community with
reasonably matched designs relevant to the times and agricultural modernization. There is
growing enthusiasm for germplasm work, as proven by the increasing number of germplasm
introductions in the Southeast Asian region. To cope with the tide of germplasm movement
in the region, there is a need for each member country to form committees, where experts
can pool their expertise to help the plant quarantine service on matters pertaining to the
importation of germplasm materials. For example, in the Philippines, a Biosafety Committee
has been created to facilitate approval of an import permit for bio-engineered organisms, where
scientists indicate the source of the organisms, purposes of the experiment and the methodology
on the use of such microorganisms. The processing of the permit to import microorganisms
would need further evaluation according to pest risk category.

Like other regulatory practices, quarantine evokes meanings correlated to sanctions
and thereby appears as an impediment to the flow of genetic resources. Quite the
contrary, quarantine wholly complements genetic conservation and development.
Quarantine measures allow for the evolution of plant species in a pest-free environment.
Scientists and researchers after observing and sharing each other’s experiences can all
create innovative ways that make germplasm exchange a safe one.
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Role of IPGRI

Among the international organizations, the International Plant Genetic Resources
Institute (IPGRI) has a special role in promoting collecting, conserving and exchanging
plant genetic resources. It is important that all accessions in the genebank should be
available to all those who wish to use them, either in crop improvement or for other
studies. It subscribes to free exchange of PGR but recognizes the requirement for an
expeditious and safe transfer — safe exchange that the propagules exchanged be pest
free. This is especially important in these days of increased international exchange of
PGR. Incountry and international transfer of vegetatively propagated plant material
plays an important role in modern agriculture (Spiegel et al. 1993). IBPGR/IPGRI has
played a significant role in developing guidelines for safe movement of a number of
important crops. IBPGR/IPGRI has collaborated with the Food and Agriculture
Organization (FAO), other international centres and experts and has published technical
guidelines for the safe movement of germplasm for cacao, cassava, citrus, coconut, edible
aroids, grapevine, legumes, Musa, potato, vanilla and sweetpotato, etc. These incorporate
anumber of biotechnological tools that assist the genebank curator to distribute disease-
free and viable germplasm. It is also essential to have information on the effect of infected
germplasm on the seed viability and longevity (IBPGR 1988; Frison 1991).

Techniques for detecting plant pathogens on plants and plant parts

Detection techniques for plant pathogens and propagative plant materials imported
into the country vary in accordance with the kind of pathogen suspected and host plants
imported. Certain techniques are very complicated and time consuming. The Plant
Quarantine Laboratory, Department of Agriculture, Malaysia, has made detailed studies
of techniques available and adopted those that are effective, reliable and efficient to
be used as standard procedures as follows:

Quick examinations of general appearance

Imported plants or plant parts are searched for visible symptoms or disorders on leaves,
fruit, stems and roots, such as lesions, water soak spots and soft rot. Affected tissues
are then excised and examined under the microscope for identifiable structures. Parts
of the tissue are then incubated in a moist chamber for the detection of fungal flora.

Moist chamber incubation

Pieces of affected tissue are incubated for two or three days in the moist chamber, which
is made from petri dish, lined with moistened sterilized filter paper. After incubation
they are reexamined and the fungi present identified.

Isolation by agar plate method

Affected tissues are cut into small pieces, passed through a series of surface disinfestation
and transferred onto agar media, such as PDA (Potato Dextrose Agar) or WA (Water
Agar). Fungal spores produced are identified and if found to be of plant-parasitic
importance, its pathogenicity will be confirmed by Koch’s postulates.

Isolation by streak plate method

Affected tissues are cut into small pieces, passed through a series of surface disinfestation
and soaked in sterilized distilled water for 15-20 min. Bacterial suspension is streaked
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on NA (Nutrient Agar) and incubated for 24-48 hr at room temperature. Single colony
is reisolated and identified through pathogenicity, morphology and physiological
characteristic studies. Koch’s postulates will be carried out if the isolated bacteria are
suspected to be important plant pathogens.

Post-entry quarantine observation

The plants or propagative plant materials, such as cuttings, are planted in sterilized
soil inside the screenhouse to observe for symptom development especially those caused
by plant viruses or mycoplasma-like organisms (MLO).

Detection techniques for plant viruses

The techniques used to detect plant viruses and MLO are (a) infectivity test, (b) grafting
method, (c) serology test, and (d) electron microscopic examination.

Detection techniques for plant pathogens on seed:

The techniques routinely used at the Plant Quarantine laboratory are (a) dry seed
examination, (b) washing test, (c) blotter method, (d) dilution plate method, (e) agar
plate method, (f) growing on test or seedling symptoms, (g) infectivity test, (h) serological
test, and (i) electron microscopic examination.

Detection techniques which are acceptable to plant quarantine work must be reliable,
efficient, simple and technologically feasible. It would be of great help if the plant
quarantine officer has adequate background knowledge on the current disease status
of the materials imported. Particular attention is now given to pathogens of virus, viroid
and MLO origins because they are most difficult to detect.

Exchange of germplasm and propagative plant materials via in vitro culture of the
already ‘clean’ materials is the better alternative for certain plant species. Even though
there is technical limitation that restricts the application to very few crop plants such
as cassava, potato, strawberry and sugarcane, the future looks very promising.

Regardless of the affiliation, importers of germplasm and propagative plant materials
must strictly follow the Plant Quarantine Act. In addition they must observe the
Importation Regulation of Plant Materials of the Department of Agriculture in their
respective countries. All consignments require post-entry quarantine, including needed
treatments upon arrival. Subsequent inspection and detection for pests are carried out
by plant pathologists, entomologists, acarologists, nematologists, weed scientists, and
slug and snail specialists. Certain materials will be detained in the post-entry quarantine
screenhouse for a period of time for symptom development and indexing for virus
disease. Materials are released after they have been satisfactorily certified as pest-free.

Problems inherent in germplasm

Diversity

A germplasm collection usually consists of material from different origins. Frequently,
information on the distribution of pests and pathogens in the country of origin is found
to be lacking and incomplete and it is thus difficult to determine the appropriate test
methods. Therefore Plant Introduction Stations are often faulted for the introduction
and spread of plant pathogens.

Pests, diseases and weeds must therefore be controlled by other means during
germplasm regeneration. Lines, which are highly susceptible to a prevalent pest or
pathogen, could be wiped out, although they may be sources of resistance to other pests
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or pathogens, or have other useful characters. Curators are often reluctant to use
pesticides, which might be phytotoxic to germplasm. To avoid the use of pesticides,
hand weeding and regeneration of germplasm at locations unfavourable for epidemics
are recommended.

The various resistant and susceptible lines may carry pathogen races of different
virulence. The question of races is important because crop resistance may break down
upon introduction of new races. Unfortunately, in the centres of genetic diversity of
crops their pathogens are equally diverse and particularly virulent races may be found there.

Field inspection of germplasm is different from that of commercial seed production.
If a seed-increase field of several hectares is planted with one variety and properly
sampled and carefully inspected, one can obtain reliable information on the disease
situation in the field with germplasm regeneration. However, thousands of lines, which
differ greatly in their susceptibility to pests and pathogens, are grown in a small field.
Sample areas for inspection are therefore inadequate. Each one must be inspected
separately, which is a time-consuming task. As with all field inspection, it is difficult
to detect diseases occurring at a low incidence, and yet it is important from a quarantine
point of view.

Sample size

The amount of seeds per germplasm accession is limited. Since most of the test methods
are destructive to the seeds, and several tests have to be applied, the number of seeds
available for testing is usually insufficient. This naturally reflects on the sensitivity of
the tests, and the results obtained may not be reproducible. The testing of soil, plant
debris, broken seeds, etc. that are removed during seed cleaning can indicate roughly
what pathogens might be present in the seed lot and does provide information on the
level of infection.

Often viable seeds can be recovered after testing. In some cases, seedlings from the
blotter test are transplanted and grown for reproduction. Seeds from the centrifuge
wash test can be redried with only slight loss in viability, provided water and not an
organic solvent has been used to remove seed treatment chemicals. Also the standard
germination tests that are carried out regularly to assess seed viability and to determine
the time for regeneration can be inspected for pathogens.

Seed treatment

For commercial seed production, a wide range of seed treatment equipment is available.
However, only a few machines are suitable for treatment of small ‘seed lots” ranging
from a few grams to several kilograms. Such machines are designed almost exclusively
for research purposes, and cannot be operated continuously, that is, for treatment of
a large number of small samples within a relatively short time. Under all circumstances
mixing of the seeds from different entries must be avoided. With some machines, this
means time-consuming cleaning operations.

As with the treatment of commercial seed, liquid or slurry treatment, which is less
hazardous for the operator, is preferred to dust treatment. It gives a better coverage of the
seeds with the treatment chemicals, and the required dosage can be applied more precisely.

International germplasm banks

Tropical countries are largely dependent on agriculture. If pests could slip through ports
into our cropland, then the outcome could be disastrous (Ganapathi et al. 1985). As
noted earlier, if the dreaded South American leaf blight is introduced into Malaysia,
the effect could be disastrous not only to Malaysia, but to all countries in Southeast
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Asia where rubber is a thriving industry. To promote the conservation and utilization
of a number of important crops, a series of germplasm banks have been established
at locations throughout the world. These are the International Agricultural Research
Centres (IARCs). Because of their role in the conservation of germplasm and their
on-going breeding programmes, these centres become important sources of vegetative
material and seeds, particularly for developing countries, and also for other countries
where specific genetic requirements are needed, e.g. pest resistance.

The contributions made by international germplasm organizations are a
demonstration of the support and understanding of the plant quarantine mission (Singh
1987). These participating international organizations form part of the International
Agriculture Research Centres (IARCs), some of which are:
¢ The International Rice Research Institute (IRRI), Philippines
The International Centre for Maize and Wheat Improvement ICMWI), Mexico
The International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), India
The Institute for Plant Protection Research (IP), Netherlands
International Centre of Tropical Agriculture, (CIAT), Columbia
International Centre for Agriculture Research in Dry Areas (ICARDA), Syria
Australian Sugarcane Genetic Resource Centre, Queensland, Australia

These organizations collaborate closely with the plant quarantine services in their
countries. The International Rice Research Institute (IRRI), for instance, follows to the
letter the quarantine requirements of the Philippines and those of the importing countries
in processing and treating seeds before the issue of phytosanitary certificates. Post-entry
clearance, fumigation, seed inspection, seed health testing and treatments are necessary
before seeds are released to IRRI scientists. To facilitate quick and sound action, IRRI
has agreed that a plant quarantine officer be detailed full-time in its Seed Health Unit. This
is a classic case of collaboration, which is worth considering by other germplasm centres.

The International Centre for Maize and Wheat Improvement (ICMWI) has its own
seed health unit, which collaborates closely with the Mexican Plant Protection and
Quarantine Organization. Indeed all other research centres mentioned earlier also
have been cooperating largely with their quarantine counterparts. It is an ideal set-up,
one that fuses goals of both the quarantine sector and the scientific community with
reasonably matched designs relevant to the times and agricultural modernization.

There is a growing enthusiasm for germplasm work, as proven by the increasing
number of germplasm introductions in Southeast Asia. To cope with the increasing
movement of plant material in this region, there is a need for each country to form
committees to pool their expertise to help the plant quarantine service. The processing
of the permit to import germplasm would need evaluation according to pest risk
assessment (Hosking 1988).

Pest risk assessment

Vegetatively propagated material, either as plants, corns, cuttings, bulb or buds, is
assessed as the highest risk category involving the potential for spread of all stages
of all types of pests such as insects, mites, fungi, bacteria, nematodes and viruses.

Kahn (1979), in allocating pest risk assessments to planting material from a number
of sources, recognized that materials grown under some kind of supervised cultivation
have lesser risk than those collected in the wild. This is primarily because the former
would have little, if any, pest occurrence.

Similarly seed as means of exchanging germplasm is considered generally as less
risk than vegetable material. In determining a policy towards the importation of a crop
and seeds where seed borne diseases are of concern, the Plant Service should be guided
by the perceived risk of importing “quarantine pests”.
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A quarantine pest is defined as a pest of potential national economic importance
to the country endangered thereby, and not yet present there, or present but not widely
distributed, and being actively controlled. The resources needed to ensure minimal
acceptable pest risk are far greater for material collected “in the wild” than for those
grown in field plots, or under some form of protected cultivation (Fig. 1). This is why
there is an increasing interest in obtaining germplasm from organizations where some
supervision of growing conditions and crop husbandry is practised.

Therefore, when importing material, including seeds, from an International
Agriculture Research Centre, plant quarantine principles must be maintained. For
developing countries, which rely on International Agriculture Research Centres because
they do not have the capacity, or resources, to maintain their own germplasm collections,
and utilized them for varietal improvement, the risk must be carefully assessed.

Conservative
Wild

Market Place

Farms

Plant nurseries
Entry

Status Field Plots

Greenhouse

Tissue culture

Certified
(Virus indexed)

Quarantine station
Liberal

Low —————» High Pest risk

Fig. 1. Pest risk analysis (from Kahn 1979)

Coconut germplasm and safe exchange

As we have seen earlier, coconut field genebank (FGB) should be established in areas
free from important pests and diseases. One of the reasons is the risk of the entire
collection, or part thereof, being destroyed by pests or diseases. This also could be one
of the reasons for the failure of FGBs in the past. The other is the risk of spreading
pests and pathogens to new areas, which may easily happen with germplasm (Hewitt
and Chiarappa 1977). An effective quarantine system should act as a filter, and should
not be a barrier to germplasm exchange. As we noted earlier, it should assist to keep
pests out and allow germplasm to pass. However, as some countries have stronger
controls than others, breeders and the germplasm community have a certain
responsibility to give due attention to pathogens. For example, FGB managers should apply
restrictions to the international movement of seednuts and choose instead the movement
of embryo cultures even when local quarantine authorities do not impose such restrictions.

Table 1 gives a summary of areas from where important pathogens are reported.
Obviously, before establishing a FGB a critical evaluation of the disease situation in
the location concerned will be required. Often parts of countries are free from a reported
pathogen, e.g. CCCVd is not reported from Mindanao and the northern part of Luzon
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in the Philippines (Hanold and Randles 1991a), or Kerala wilt is only reported to occur
in parts of Kerala and Tamil Nadu (Frison et.al 1993). On the other hand, absence of
evidence is not a guarantee for absence of the disease, i.e. a pathogen occurring in an
area may not be reported due to lack of thorough surveys or to lack of reporting
mechanisms. In the case of coconut, the situation is further complicated by the existence
of diseases of uncertain etiology, i.e. symptoms affecting the plant which so far cannot
be attributed to a causal agent such as a virus, a fungus, etc. A list of coconut diseases
of uncertain etiology is given by Frison et al. (1993). An inverse case exists with the
reports of viroid-like sequences in coconuts, which could not yet be linked with clear
disease symptoms (Hanold and Randles 1991b, Fassil and Diekmann 1995).

A summary of The FAO/IPGRI Technical Guidelines for the Safe Movement of
Coconut Germplasm (Frison et.al 1993) is presented in Table 1. The general
recommendation is to move embryo cultures or pollen, and not seednuts. If this
recommendation is followed, the risk of moving fungi, phytoplasmas (MLO) and the
red ring nematode is greatly reduced. Indexing will be required for germplasm from
Vanuatu (for coconut foliar decay virus), Guam (for tinganaja viroid), and from parts
of the Philippines (for cadang-cadang viroid), unless one decides to exclude material from
these areas from germplasm movement. Based on these, establishing embryo culture facilities
in connection with FGB and providing the necessary training become very important.

Table 1. Summary of technical guidelines for the safe movement of coconut germplasm General
recommendation: to move embryo culture or pollen, not nuts
Source: Frison et al. 1993.
Pathogen
Coconut foliar decay virus (CFDV)

Specific Recommendation
Indexing or exclusion of germplasm from Vanuatu

Coconut cadang-cadang viroid (CCCVd) Indexing or exclusion of germplasm from the

Philippines

Tinangaja viroid (CTiVd) Indexing or exclusion of germplasm from Guam

Viroid-like sequences Indexing recommended for germplasm that is moved
from countries where these sequences are known to
occur to countries where they have not yet been

reported. Recommendation under revision.

Lethal yellowing (Phytoplasma, MLO)
Kerala wilt (Phytoplasma, MLO)
Tatipaka disease (Phytoplasma, MLO)

Blast (Phytoplasma, MLO)

Marasmiellus spp. (bole rot, shoot rot)

Phomopsis cocoina (leaf spot)
Bipolaris incurvata (leaf blight)

Phytophthora palmivora, P. katsurae
(bud rot, fruit rot)

Transmission through seed, embryo culture or
pollen not reported

A nursery disease which does not occur on adult trees

Possibly seed-borne, can be eliminated in embryo
culture

May be dispersed on husks. The recommendations

are:

— embryo and pollen transfer should be carried out

— healthy nuts should be partially dehusked and
treated with an appropriate fungicide

Nuts may be infected internally, but then do not

germinate. The recommendations are:

— embryo and pollen transfer should be carried out

— healthy nuts should be partially dehusked and
treated with an appropriate fungicide
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The occurrence of RNA sequences similar to coconut cadang-cadang viroid (CCCVd)
in coconut palm has been published by the group at WAITE Agricultural Institute in
Adelaide, Australia (Hanold et al. 1989, Hanold and Randles 1991a,b). This report caused
great concern among quarantine authorities with regard to the movement of coconut
germplasm. Since we promote and assist safe movement of germplasm, IPGRI is funding
a small research project in the Philippines to study the significance of viroid-like
sequences. While results from this project are not yet readily available, the initial results
indicate that the fears may be misplaced and IPGRI and FAO have issued a separate
note on this

Germplasm health aspects need to be considered not only at the point of exchange,
but also at any stage of germplasm management. During collecting, care must be taken
that germplasm is collected only from healthy trees. In the regeneration and
multiplication process, plant protection measures including pesticide application may
be required. If an evaluation of traits like resistance to pathogens is done under
conditions of high disease pressure, e.g. with artificial inoculation, a careful evaluation
of the material with regard to its use in regeneration or exchange is essential.

Cooperation between breeders/germplasm curators and quarantine organizations
is essential. Consultation should occur permanently, but particularly at early planning
stages for collecting or establishing field genebanks. Germplasm should be exchanged
only for immediate use or for conservation, including required safety duplications.

Conclusion

A germplasm collection usually consists of material from different origins. Frequently,
information on the distribution of pests and pathogens in the country is lacking or
incomplete. This is more so with plant materials from the forests, where very little or
no information is available with regards to their pest and disease status. It is thus difficult
to determine the appropriate test methods. Therefore, Plant Introduction Stations are
often faulted for the introduction and spread of new plant pathogens.

Detection techniques, which are acceptable to plant quarantine, must be reliable,
efficient, simple and technologically feasible. It would be of great help if the plant
quarantine officer has adequate knowledge on the current disease status of the materials
imported.

Regardless of the affiliation, importers of germplasm and propagative plant material
must strictly follow the Plant Quarantine Regulations in their respective countries and
in addition they must observe the Importation Regulation of Plant Materials of the
Department of Agriculture. Ideally all consignments should require post-entry
quarantine, including appropriate treatments upon arrival. Subsequent inspections and
detection for pest should be carried out. Certain material can be detained in the
post-entry quarantine screen house for a period of time for symptom development and
indexing for virus disease. Materials are normally released after they have been certified
as pest-free.

A combination of the activities of plant pathologists and plant breeders is required
to ensure that clean material is exchanged on a worldwide basis, and the cooperation
already underway has reduced the disease complement of some crops. The technique
of tissue culture, being an effective and efficient method of transferring and sorting
genetic material, still has a degree of risk and should be combined with other
phytopathological techniques. Presently there is no inventory on pests and diseases
on plants grown in the wild. A concerted effort is needed for the listing of imported
pests and pathogens generally present in these species.
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Chapter 4
Seed Conservation

Kar-Ling Tao

Introduction

Plant breeders continue to need genes and gene combinations from plant genetic
resources to produce new cultivars. Currently more than 80% of the genetic resources
of plants are conserved as seeds in genebanks around the world. It is usually safer,
cheaper and more convenient to conserve genetic resources as seeds than by any other
method. The purpose of maintaining these seeds in the genebanks is for their utilization
in the future. Therefore seeds stored in a genebank should maintain their viability and
genetic integrity. Plant breeders cannot use dead seeds to produce plants for use in
their plant breeding programmes and the seed accessions would become valueless if
the important genes were lost during seed conservation. One of the most important
tasks for a genebank curator is to maximise seed storage life by proper handling of
seed accessions to minimise the number of regenerations or rejuvenation.
According to seed storage behaviour, seeds can be classified into three groups,
namely recalcitrant, orthodox and intermediate seeds. Since very few crops produce
intermediate seeds, this chapter will discuss some general principles for conserving
recalcitrant seeds and orthodox seeds. Regarding orthodox seed conservation, an attempt
will be made to point out some of the most important areas that need specific attention.

Conservation of recalcitrant seeds

The number of plant species producing recalcitrant seeds is less than that producing
orthodox seeds. However, many recalcitrant seeded plants are economically important,
for example, rubber (Hevea sp.), cocoa (Theobroma cacao), many timber trees and tropical
fruit species.

Characteristics of recalcitrant seeds

Recalcitrant seeds in general have the following characteristics:

Desiccation sensitivity

Without exception, all recalcitrant seeds are desiccation sensitive. Recalcitrant seeds
do not undergo maturation drying. They never normally dry out on the mother plant;
they are shed in a moist condition. They die if their moisture content (MC) is reduced
below some relatively high values, for example the critical seed MC for jackfruit
(Artocarpus heterophyllus) is 28%; below this MC, seeds are damaged and even killed.
King and Roberts (1980) have reported the values of critical MC for many recalcitrant seeds.

Chilling injury

Recalcitrant seeds are sensitive to low-temperature. As a result of desiccation sensitivity,
recalcitrant seeds have high critical MC. Consequently recalcitrant seeds normally do
not tolerate freezing temperature. Many recalcitrant seeds could be injured at much warmer
temperatures than freezing, e.g. chilling injury occurred at 15°C in cocoa (Chin 1988).



SEED CONSERVATION 37

Large seed size

Most recalcitrant seeds are large, although there are some exceptions. The seeds of maize
(Zea mays) are normally considered as large as orthodox seeds. The 1000-seed weight
of maize is 290-330 g. However, the 1000-seed weights of recalcitrant seeds normally
exceed 500 g. For example, the 1000-seed weight of durian (Durio zibethinus) exceeds
14,000 g and the average volume of each seed is 8 ml. The size of a coconut seed is
100 times larger than that of durian. The large seed size slows down the seed drying
rate and consequently makes the seed more susceptible to desiccation injury. Research
work (Berjak et al. 1990) indicated that a rapid drying method could dry the excised
embryonic axis of Landolphia kirkii to 16% MC (dry basis, 14% MC wet basis) and maintain
81% viability, while drying by a slow method (over silica gel), the excised embryonic
axis lost its viability completely at 35% MC (dry basis, 26% MC wet basis).

Most cases are tropical and aquatic plants

Recalcitrant seeds have their special ecological environment. They are normally
produced by two types of plants —those growing in aquatic environments where seeds
would not normally be expected to dry out, and perennial plants which produce seeds
falling into a relatively humid environment. Some timber trees growing in temperate
zones also produce recalcitrant seeds. These seeds normally have dormancy requiring
chilling treatment to break their dormancy.

Factors preventing long-term storage of recalcitrant seeds

A number of factors prevent the long-term storage of recalcitrant seeds. These include
desiccation injury, chilling injury and problems associated with the storage of recalcitrant
seeds at high MC. These factors are discussed in the following:

Desiccation injury

As by definition, recalcitrant seeds are sensitive to desiccation and seed viability declines
if MC is below a critical value. Therefore, in contrast to orthodox seeds, these seeds
cannot be dried to low MC, e.g. 5% for long-term conservation. For example, pedunculate
oak (Quercus robur) seeds are said to be damaged at MC below about 30% (King and
Roberts 1980). The variation in sensitivity to desiccation injury exists not only between
species, but also between different seed lots of the same cultivar. For example, the degree
of berry ripeness of arabica coffee (Coffee arabica), cultivar SL28 influenced desiccation
sensitivity. Seeds forming the most immature berries (green) were most sensitive to
desiccation, with more than 50% of the seeds being killed when dried to 12% MC. No
significant decrease was observed on seeds extracted from the ripe red fruit (Ellis et
al. 1991).

Chilling injury

The sensitivity of recalcitrant seeds to chilling injury prevents the keeping of seeds
at subzero temperatures for long-term conservation. Indeed, there are reports in the
literature that seeds of a number of tropical species are killed even on exposure to
subambient temperature. Although the mechanisms of both chilling injury and
desiccation injury are not fully understood, it has been suggested that declining
membranal lipid fluidity, alternation of membrane permeability and protein (enzyme)
denaturation occur during chilling and that changes of this nature could be lethal to
recalcitrant seeds.
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The high water contents of recalcitrant seeds certainly make these seeds sensitive
to freezing temperatures. Even among the orthodox seeds, there are high moisture
freezing limits (HMFL) for different crop species. For example, the HMFL for sesame
and barley are 9.3 and 20.8% MC respectively. When seeds have an MC higher than
HMEFL, ice formation in the free water during freezing could damage the cell structure
and kill the seeds. The moisture contents of an individual seed within a sample of
recalcitrant seeds may vary considerably. After a fixed drying period, the MC of an
individual seed or embryo may vary within a sample. Thus, it may result in a low
survival rate of a sample subjected to low temperatures due to the death of those seeds
or embryos having a higher MC than the expected value.

Microbial contamination

It is generally considered that seed moisture contents in excess of 12-14% invite fungal
invasion. Due to the desiccation sensitivity, recalcitrant seeds normally are stored at
MCs higher than 14%. Therefore, microbial contamination is a serious problem during
recalcitrant seed storage.

Germination during storage

Desiccation is normally a developmental prerequisite for germination of orthodox seeds.
However, such a requirement does not exist for recalcitrant seeds. Recalcitrant seeds
are usually fully imbibed and capable of immediate germination. For example, fresh
oak acorn may have an MC of 70% while 43% MC is required for germination. Indeed,
the loss of stored seed through germination can be a major problem in attempting to
store moist seeds. Experimental results indicate that seeds of Avicennia marina start to
germinate on seed shedding. It has been suggested that germination-associated events
make the recalcitrant seeds sensitive to desiccation (Berjak et al. 1990).

Oxygen requirement

Due to the high critical MC for the survival of the recalcitrant seed, the seed usually
needs oxygen for aerobic respiration. Therefore, adequate ventilation is required for
the successful storage of imbibed recalcitrant seeds.

General recommendations for storing recalcitrant seeds

King and Roberts (1980) have discussed various methods of storing recalcitrant seeds.
Although long-term storage technology for most recalcitrant seeds is still in an
experimental stage, some short-term storage methods are available. For some species,
their recalcitrant seeds could be stored for 1 to 2 years. The following are some general
recommendations for short-term storage of recalcitrant seeds:

1. Do not dry seeds below their critical seed MC.

2. Keep seeds at a high MC but below their fully imbibed level - this practice could

avoid or slow down the germination process during seed storage.

Pack seeds in moist media, such as peat moss, carbon, sawdust, etc.

Treat seeds with fungicides to avoid fungal damage.

Keep adequate oxygen supply, for example, keep seeds and moist media in plastic

bags with pinholes.

6. Keep seeds at a low temperature but above the temperature that can cause chilling
injury, for example, at 12°C for mango (Mangifera indica). Recently it has been reported
that arabica coffee seeds could best be kept at 15°C.

G W
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7. Maintain the seed dormancy. Dormant seeds could be stored for longer period than
non-dormant seeds. Therefore, any treatment which releases the seed dormancy
should be avoided. For example, horse chestnut (Aesculus hippocastanum) requires
cold temperature treatment (stratification) to break the seed dormancy and oil-palm
seeds require heat treatment at 38-40°C to break the seed dormancy. Those seeds
requiring stratification to break dormancy should not be kept at 4-6°C.

The use of excised embryonic axis for long-term conservation

As mentioned above, long-term storage technology for most recalcitrant seeds is still
in an experimental stage. The most promising long-term conservation technology for
recalcitrant seeds is the use of excised embryonic axis. The first base-collection of tea
germplasm has been established in India, with the support of FAO, using
cryopreservation of excised embryonic axis.

Identification of recalcitrant seeds

Recalcitrant seeds are characterised by their sensitivity to desiccation and chilling
injuries. A genebank curator should not automatically dry and store seeds received
without knowing their storage behaviour. A list of the majority of crop species producing
orthodox or recalcitrant seeds has been published in the Handbooks for Genebanks
No. 1 (Cromarty et al. 1990). It can be used as a reference for seed storage characters. A
protocol to determine seed storage behaviour has been published too (Hong and Ellis 1996)
and could be used as a guide to conduct experiments to classify seeds into the three groups.

Conservation of orthodox seeds

In contrast to recalcitrant seeds, orthodox seeds can be dried to low moisture content
and stored at subzero temperatures. In general, the lower the MC and the lower the
storage temperature, the longer is the seed storage life. The rule of thumb proposed
by Harrington is that the life of the seed is halved (1) for each 5°C increase in seed
storage temperature between 0 and 50°C, and (2) for each 1-percent increase in the seed
moisture content. Currently, the Genebank Standards (FAO/IPGRI 1994) recommend
the storage of seeds at 3-7% MC in hermetically sealed containers and at subzero
temperatures, preferably at —18°C for long-term conservation.

Minimising the frequency of regeneration

In order to maintain the seed viability and the adequate seed quantity in stock, seed accessions
often need to be regenerated. However, the genetic integrity of a stored accession suffers
from undesirable modification during regeneration. A number of environmental, botanical
and human factors could cause changes in population composition during regeneration.
Rapid changes in population composition have resulted from such factors as different
flowering time, growth habit, planting data, seed dormancy and interaction with
environment. Indeed, a dramatic genetic shift in wheat germplasm accessions after normal
seed storage and regeneration cycles in a genebank has been reported (Tao et al. 1992).

The cost of regeneration is very high compared to the cost of the storage. For example,
the average cost of storing an accession is $0.08 for wheat, and $1.15 for maize in
CIMMYT (International Wheat and Maize Centre). This cost includes the construction
of storage facility, utility, staff, seed testing, documentation, etc. If the sample must
be regenerated, the cost is raised to $2.44 for wheat and $116.06 for maize. Therefore
the seed storage longevity must be maximized and the regeneration frequency must
be minimized during seed conservation.
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The importance of high initial seed quality for seed storage

The following equation has been widely used for predicting seed viability (Cromarty
et al. 1990)

V = Ki-P/10 Ke-Cw.logm-Cht-Cq.t.t
V = final viability in probit value

K, = initial seed quality in probit value
P = storage time in days

K., C,, C, and C_ = constants

m = seed MC at storage

t = storage temperature, °C

The above equation clearly indicates that the final viability of seeds after storage
depends very closely on Ki, initial seed quality. If the value of P/10 Ke - Cwlogm - Ch:t
-Cattis zero, the final viability equals Ki. Therefore, it is quite clear that “garbage in,
garbage out” applies — if seeds with low initial quality are put into the genebanks, even
lower quality seeds will emerge.

At the beginning, the conservation technology for germplasm storage in genebanks was
mainly adopted from the commercial seed industry. However, there are considerable differences
between commercial seed storage and germplasm conservation. First, the storage duration
for commercial seeds is relatively short. Commercial seeds are normally stored for 1-3 years,
but germplasm seeds are to be stored for decades or even centuries. Secondly, the initial quality
for commercial seeds is not very critical. For example, seed lots with 99% or 95% viability
are considered good and have no important difference for commercial seeds. However, a small
percentage decrease in initial quality could dramatically reduce the storage life in germplasm
conservation. For example, an onion accession was stored at 7% MC and -10°C with a final
viability of 85%. Using the above longevity equation, we could predict the storage period
(Table 1). If the initial quality was 99% viability, it would take 95 years to reach the 85% viability.
However, if the initial quality was 98% and 95%, then the storage periods would be reduced
to 55 and 11 years respectively. In other words, if the initial seed quality drops from 99%
to 98%, it reduces 43% of the storage time (instead of 1%). If the initial quality further drops
to 95% (4% decrease), the storage period is reduced by 89%. Therefore any decrease in the first
few percentage points of initial viability should be avoided in germplasm conservation. Thus
maintaining seeds with high Ki before seed storage is the key to successful seed conservation.

Table 1. Importance of initial quality on longevity of seeds

Initial quality Storage time Lost storage time
(%) (Years) (%)
99.0 95 -
98.0 55 43
95.0 11 89

Note: Longevity of onion seeds with various initial quality was calculated by the
seed longevity equation as given earlier as: MC = 7%, storage temperature = —
10°C, final viability = 85%, Ke =6.975, %Cw = 3.47, Ch =0.004 and Cq = 0.000428.

Importance of proper seed drying

For commercial purposes, seeds are normally dried by heated air or under the sun.
Comparative data on drying groundnut (Arachis sp.) seeds by three different methods,
namely in an air-conditioned room (22°C, 50% RH), under the sun (40°C, 70% RH) and
by heated air in an oven (35°C, 40% RH), are shown in Table 2. The MC and initial
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germination of groundnut seeds were the same after drying by the three different methods.
However, the vigour index for seeds dried in an air-conditioned room was significantly
higher than for those dried by heated air or under the sun. Although the initial seed
germination percentages and vigour index were the same for the seeds dried in the oven
and under the sun, after five months of storage in the air-conditioned room, the germinability
of the sun-dried seeds was significantly lower than that of the oven-dried seeds.

Sun drying in most geographical areas is not suitable for seed storage in genebanks,
due to the lack of control. Many genebanks use heated ovens to dry the seeds. The
basic principle of drying seeds by heated air is that when air is heated, the air relative
humidity is decreased. Thus the seed MC will be decreased by losing moisture into
the low RH air. However, seeds may be damaged during seed drying by heated air
due to the high temperature used. The maximum ‘safe’ seed drying temperature varies
from crop to crop, and depends highly on the initial seed MC (Table 3). In general,
the higher the initial MC, the lower is the maximum ‘safe’ temperature. For example,
when onion seed MC was below 20%, the maximum air temperature was 32°C, but
if the MC was higher than 20%, then the maximum air temperature was 21°C. When
Brassica and pea seeds had a high MC, the maximum air temperature was 27°C (Table 3).
Therefore, drying the high MC seeds of these three crops in a heated oven at 35-45°C could
cause seed deterioration during seed drying. It should be pointed out that as seeds lose
water during drying, the seed temperature decreases. The maximum ‘safe’ temperature
could be significantly lower than that of the air temperature (e.g. oat, Table 3).

Table 2. Effects of drying methods on groundnut seed germination and vigour in three subsets
of groundnut seeds dried by three different methods and then tested for germination and
vigour index

. Storage
Method 24 days drying (5months at 22°C,
Germination Vigour MC 50% RH)
(%) Index (%) Germination (%)
AC
(22°C,50%RH) 83a* 7.2a 5.7a -
Sun
(40°C,70%RH) 83a 6.3b 6.1a 64a
Oven
(35°C,40%RH) 82a 6.8b 5.5a 74b

« Different letters in each column indicate significant difference at 5% level.
(Data from H.Y. Hor, 1976, Seed Technol. in Tropic. p123)

Table 3. Examples of maximum ‘safe’ drying temperature for commercial seeds (After Roberts
1972)

Crop MC Temperature (°C)
(% wet basis) Seed Air
Onion 12-20 32
20+ 21
Pea 16-24 38
24+ 26.5
Brassica 10-18 38
18+ 27
Oat 21- 40 70
21+ 35 60
Wheat 24 53

30 43
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Another method better than heated air drying is to remove moisture in the air at
low temperature by using absorption or a refrigeration type dehumidifier or a
combination of both. FAO/IPGRI recommends drying seeds at 10-25°C and 10-15%
RH for germplasm conservation.

If a genebank has a small collection, silica gel seed drying is suitable. This practice
is simple and inexpensive. Seeds are put in cheese cloth bags and kept in a desiccator
(or any air-tight container) over silica gel at 1:1 silica gel and seed ratio at 25°C. When
12 to 23% of silica gel changes its colour, it is replaced by the same amount of dry silica
gel. Table 4 provides a rough idea about the duration required for drying seeds from
various seed MCs to 5% MC for germplasm storage. Seeds of cabbage, cucumber and
maize were used as examples for small, medium and large seed sizes respectively.

Table 4. Number of days for drying seeds to 5% MC at 25°C
by silica gel (1:1 gel/seed). Silica gel is changed when 12-23%
of silica gel changes its colour (After Zhang and Tao 1989)

Seeds* Initial MC (%) Days
Cabbage (S) 10 2
13 4
15 6
Cucumber (M) 7 2
14 6-8
22 10-14
Maize (L) 7 6-81
10 14-17
20 16-18

* S = small size, M = medium size, L = large size
! Number of days varied depending on cultivar used

Maintaining seed moisture content during seed storage

As discussed above, each 1% MC decrease doubles the seed storage life. Therefore, it
is extremely important to maintain the seed MC at a low level during seed storage.
This can be achieved in two ways:

Storing dried seeds in the open in a cold storage room in which the relative humidity
is controlled at 15-20%.

This practice is not recommended, because it is not only expensive but also difficult
to maintain a large room at a low temperature at 15-20% RH. Furthermore, if there
is a power cut or a machinery failure, the ambient RH may increase. Consequently the
seed MC will increase quickly due to water condensation.

Storing dried seeds in hermetically sealed containers

This is a safe and inexpensive practice to maintain the MC after seed drying. Since
seeds are stored in hermetically sealed contai