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FOREWORD 

Ex situ conservation is the approach used in growing, cultivating and 
maintaining organisms outside or away from their natural habitats. This 
method complements in situ conservation. In tropical Asia and the Pacific region, 
ex situ conservation activities of tropical timber tree species can be considered to 
be still at an infancy stage compared to in situ conservation which has received 
strong institutional supports in many countries. Although many botanical 
gardens, arboreta, provenance trials, seed stands and seed orchards have been 
established in this region, suitable guidelines for ex situ conservation of tropical 
timber trees are still lacking. 

Realising this, a project on planning practical and cost-effective strategies 
for genetic resource conservation of commercial tree species in tropical Asia 
and the Pacific funded by the USA and Japanese governments through ITTO 
was executed to produce guidelines on ex situ conservation. The guidelines 
which is the third of a series of four publications produced from the project 
presents the ex situ conservation methods available for conserving tropical 
timber tree species which can be put to use for conservation of tropical forest 
germplasm. It is hoped that the methods outlined in this publication will be 
useful to those working towards developing conservation strategies and 
for setting up of arboreta, botanical gardens, seed stands, seed orchards, 
provenance gardens, clonal orchards, genebanks, in vitro storage methodology 
and protocols for cryopreservation. The Guidelines also points out the 
main forest tree species targeted for ex situ conservation in this region and 
the extend of work that has already been under-taken. The details are reviewed 
and presented in this Guidelines. 

A guideline is a set of standards and methods for carrying out a particular 
acitivity. This guidelines has pooled various information under one cover for 
easy reference. We gratefully acknowledge our sincere thanks and appreciation 
to the various agencies from whose documents we were able to gather a large 
amount of information which include reports from the International Plant 
Genetic Resource Institute (IPGRI); IUCN Botanic Garden Conservation 
Secretariat at Kew, United Kingdom; UNDP jFAO Regional Project (RASj91j 
004) on Improved Productivity of Man-made Forests stationed in Philippines 
and from the works of Dr. Erica Benson. 
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1.0 INTRODUCTION 

Ex situ conservation is the growing and maintenance of organisms outside or 
away from their natural habitat. The purpose of ex-situ conservation is to provide 
protective cultivation. It is justifiable as part of an overall conservation strategy 
to ensure that species ultimately survive from the wild. Its role should be seen as 
a means to an end, not an end in itself: as a source of material for reintroduction 
into damaged habitats and to enhance populations as part of ecosystem 
management, for research and education, for selecting material for introduction 
into the nursery trade, local agriculture amenity planting, local forestry, etc. 
Another role is to take the pressure off wild populations for plants that are 
likely to be subject of interest to scientists, commercial horticulturists, hobbyists 
or local collectors and growers. Above all, ex situ conservation makes plants 
available for use by man. 

Evolutionary and social interactions over thousands of years have resulted 
in our inheriting a rich genetic estate in the Plant Kingdom. Plants have moved 
within and between countries and continents both before and after the beginning 
of agriculture. Plant introduction has been important for improving agricul
tural diversity, increasing productivity to feed the world, and developing 
new products. The American President, Thomas Jefferson, once said "To add a 
new and useful plant is the greatest service you can render to this new nation". As 
agricultural practices progress, processing techniques and consumer preferences 
change, the need for access to a wide range of plant genetic material to sustain 
crop improvement has become greater. In addition, the value of wild and other 
species not yet used in practical plant breeding will continue to increase with 
advances in molecular biology that allow scientists to move genes across 
species barriers. 

While on the one hand, the realization of the significance of plant genet-ic 
resources for food and livelihood security is increasing, the threat to their 
continued existence in nature is growing day by day. The destruction of the native 
habitats of many plant species due to deforestation, industrialization, urban 
expansion and a variety of other reasons is proceeding unabated. Fortunately, in 
situ conservation measures are receiving greater attention now throughout the 
world and these measures help to conserve part of the flora, fauna and other 
rhizosphere organisms. 

Ex situ conservation is critical for conserving plant genetic resources and 
must be encouraged and promoted with the help of adequate financial and 
technical resources. Conservation measures, involving arboreta, botanical gardens, 
seed orchards, provenance stands, seed stands, long-term seed storage including 
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in-vitro and cryopreservation techniques, have become extremely urgent for 
ensuring that a representative sample of naturally occurring genetic diversity in 
plants is preserved for current and future use. Growing demands for food, fibre, 
fuel, timber and agricultural security, as well as intergenerational equity, demand 
that we do everything possible to protect and preserve the rich genetic resources 
that we have inherited for current and future uses. 

At the global level, there are significant and growing challenges to preserve, 
use and exchange the plant genetic resources. In spite of much increased aware
ness and concern, it is becoming clear that significant quantity of plant genetic 
resources are still being lost to mankind. Scientific questions of what, where 
and how to collect, conserve, and utilize these resources continue to emerge. 
Social, political and legal questions persist regarding the ownership, exchange 
and availability of plant germplasm. Most of the naturally occurring genetic 
diversity for the world's major crops is found in the developing world and the 
opportunities to utilize such resources need to be enhanced. All these factors 
have many implications for planning conservation policies and strategies 

Complementarity between in situ and ex situ conservation 
Both in situ and ex situ conservation methods are important and they should be 

carried out in parallel, as an integral part of genetic resource conservation 
programmes aimed at improving the use of genetic material available in nature. 
While in situ conservation of plant genetic resources will contribute to the 
preservation of the associated organisms found in the forest and allow for the 
co-evolution of the plant species with organisms including, competitors, pests 
and pathogens which are important for their adapatability and continued 
evolution. Ex situ conservation will be the maintenance of organisms outside or 
away from their natural habitat, as in gardens, field genebanks or by storage in 
the form of seed, pollen, and vegetative propagules. 

Linkage between conservation and utilization 
The primary driving force for germplasm conservation efforts is to use them 

for improvement of agriculture, forestry and others. Methods followed for 
utilization of genetic resources need to be intimately linked with germplasm 
conservation programs. These encompass whole range of activities from field 
collecting to the ultimate use of various plant species by farmers and other users. 
Maximum value (utilization) of genetic resources may be achieved when the 
systems are in place to produce, increase and obtain new genetic combinations 
or varieties to users. 

Conservation is mainly useful for those countries and institutions that have 
the technical, economic and human capability to utilize germplasm through 
plant breeding and improvement, application of biotechnology and adequate 
seed production capability. Some of these activities can be carried out in public 
or private institutions or both and should always involve the local people. The 
key is that they must be closely linked. Linkage of national systems with 
other national, regional and international systems can be advantageous in 
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strengthening these services. Efficient and economic programmes of plant 
genetic resource conservation can keep costs within acceptable levels when 
measured against benefits derived from successful programmes. 

Interdisciplinary cooperation among agriculturist, botanist, ecologist, forest 
scientist, social scientist and others are very essential for proper understanding 
of the value of resources and their use. Many of these disciplines are brought 
together in ethnobotanical surveys, and in the preparation of ecogeographical 
surveys of species. Taxonomy, biosystematics, geography, ecology, population 
genetics, conservation biology are the useful disciplines in carrying out such 
survey programmes. 
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2.0 TIMBER SPECIES FOR CONSERVATION 

Introduction 
The tropical rain forest lies as an evergreen belt of vegetation extending 

through the Malesian archipelago from Sumatra in the west to New Guinea in 
the east (Whitmore 1984). This is identified as the non-seasonal humid zone of 
dipterocarp forests of South East Asia. At least three quarters or more of the 
forests are dominated by species belonging to the Dipterocarpaceae family and 
hence the name dipterocarp forest. In Malaysia for example, it is estimated that 
about 85% of the forested areas are dipterocarp forests. The other prominent 
family of trees is that of the Leguminosae that includes some 590 genera and 
12,000 species throughout the world (Whitmore 1972). 

Over the last several decades, rain forest in Tropical Asia and the Pacific has 
shrunk in size, mainly due to conversion to agriculture (rubber, oil palm, cocoa 
and shifting cultivation, specifically in Malaysia), as well as to human settlements 
and other development projects. 

The need for conservation of some of these tropical forest species has arisen 
due to the following factors: 

• Wood of the many tree species from these tropical forests play an important 
role in the wood industry both nationally and globally. 

• Genotypes of the best trees of these species continue to be removed from 
productive forest by selective cutting, thereby leading to genetic erosion. Such 
erosion of these timber species will eventually make it difficult to secure 
breeding populations. Hence, the subsequent planting stock may result as 
materials with a narrow genetic base. 

• The genetic variability of selected timber species called target species need to 
be conserved for the long-term well being of the wood industry in the Tropics. 

• Production forests form a very large part of the remaining forests in Tropical 
Asia and the Pacific and they constitute mainly of dipterocarps and legumes. 
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Peninsular Malaysia 
The species that have been proposed for conservation in Peninsular Malaysia 

are: Shorea singkawang, Shorea laevis, Shorea curtisii, Anisopetra laevis, Dryobalanops 
aromatica, Dryobalanops oblongifolia, Neobalanocarpus heimii, Dyera costulata, 
Koompassia malacensis 

Sarawak 
In Sarawak the proposed species are: Shorea macrophylla, Shorea hemsleyana, 

Shorea splendida, Shorea beccariana, Shorea sp. (Selangan batu), Dipterocarpus 
sarawakensis, Dryobalanops beccarii, Eusideroxylon zwager, Palaquim spp (Nyatoh), 
Gonystylus bancanus, Azadirachta excelsa, Calamus optimus, Calamus scipionum. 

Sabah 
In Sabah, the proposed indigenous species to be conserved are somewhat 

similar to those proposed by Peninsular Malaysia and Sarawak. 

Conservation status 
In the chapters that follow, guidelines on the various methods of conservation 

have been described in detaiL To date for the ex situ conservation of the above 
species, experiments are being carried out to determine the most appropriate 
methods that will be suitable for the long term storage of germ plasm. The 
following are some of the attempts so far made. 

Seed storage in genebanks 
Over the last 50 years various methods of storage of tropical recalcitrant seeds 

have been practiced. These include: 

• Imbibed storage in media such as sawdust, perlite and vermicu1ite 
• Storage in airtight containers 
• Storage in inflated bags with different gaseous environments 
• Storage using germination inhibitors 
• Fungicide treatment followed by partial desiccation and storage 

at controlled temperatures 
• Partial desiccation without fungicide 
• Storage at harvest moisture content without fungicide or partial 

desiccation 

Despite the improvements in short to medium term storage~ using the above 
methods, it is not feasible to store whole seeds of recalcitrant species for long 
term. The best storage period reported to date is up to one year. 
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Seedling storage under low light conditions 
It is well established that seedlings of many of the wet tropical forest tree 

species usually have survival and slow growth rates over period of several 
months or years when grown under low light intensity. Two methods, namely 
a) storage of germinated seedlings in a seedling chamber and b) storage of 
seedlings on the forest floor under subdued-light conditions have been tested. 

Seedling storage in the chamber 
With this method, freshly collected seeds are surface sterilized with a fungicide 

(0.1 % benlate/ thirammixture) and allowed to germinate under ambient conditions 
in containers kept at high humidity with moistened tissue paper. After radicle 
emergence, germinated seeds are packed loosely in polythene bags, trays or boxes 
lined with moist tissue paper and stored in a specially constructed seedling 
chamber in which temperature, humidity and light are controlled, temperature 
set at 16°C, the relative humidity of 80% photoperiodof storage for 4 hours. 
Development of the seeedlings under these conditions is very slow. A total 
of 17 species have been tested and periods shown in the Table 1. 

Table 1. Storage periods of recalcitrant seeds under 
subdued light in seedling chamber 

Species 

Dryobalanops aromatica 
Dipterocarpus cornatus 
Dryobalanops oblongifolia 
Hopea odorata 
Hopea helferi 
Shorea acuminata 
Shorea macrophylla 
Shorea leprosula 
Shorea bracteolata 
Shorea curtisii 
Shorea longisperma 
Shorea ovalis 
Shorea macroptera 
Shorea maxwelliana 
Shorea pauciflora 
Shorea parvifolia 
Shorea platyclados 

Period of Storage 
(months) 

5 
6 
4 
9-12 
9 
8 
4 
6-9 
6 
8-9 
6 
8-9 
6 
4 
6 
8-9 
8-9 

(Source: Krishnapillay & Tompsett, 1998) 

Seedlings developed slowly in the chamber, barely attaining the heights of 
20-25 cm over the storage periods tested. Seedlings which were transferred to 
the nursery and grown in polybags needed to be weaned in at least 70% shade 
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for a period of 2-3 weeks before they were gradually placed under direct sun
light. Survival percentage was between 60-80% dependent on the species. 

Forest floor 
The second approach of storage of storage seedlings was on the forest floor 

under subdued light. Areas were cleared of undergrowth and freshly collected 
seeds were sown. Seedlings developed very slowly and with manageable heights 
for long periods of time. Over a period of three years Hopea odorata seedlings 
grew to a height of 10 cm. Seedlings transferred to the nursery and grown in 
polybags began to increase in size rapidly. Weaning in 70% shade for two weeks 
before transfer to direct sunlight was however necessary. Survival rates were 
around 80-90% depending on species. 

Conservation as seed stands (SPA) 
Many of the important species listed above were maintained in seed production 

.. areas within natural forest. Presently some ex-situ seed production areas for Shorea 
leprosula, Shorea macrophylla, Hopea odorata are being established. 

Conservation in seed orchards 
For many of the species listed seed orchards are just being established. 

In-vitro Culture storage 
None of the tropical forest species are being stored using this protocoL 

However, research in FRIM is being geared towards this end. 

Cryopreservation 
This approach is being researched in FRIM. To date 5 species of bamboo, 2 

species of Dipterocarpus spp, Hopea odorata and Dryobalanops aromatica have been 
successfully cryopreserved. For Hopea and Dryobalanops more work needs to be 
carried out to increase the recovery percentage of plants after cryo-storage. Other 
aspects such as encapsulation and vitrification techniques are being tested to 
increase the number of species that can be successfully conserved using the 
cryopreservation technique. 

Establishment and Management of Ex Situ Conservation Stands 7 

for a period of 2-3 weeks before they were gradually placed under direct sun
light. Survival percentage was between 60-80% dependent on the species. 

Forest floor 
The second approach of storage of storage seedlings was on the forest floor 

under subdued light. Areas were cleared of undergrowth and freshly collected 
seeds were sown. Seedlings developed very slowly and with manageable heights 
for long periods of time. Over a period of three years Hopea odorata seedlings 
grew to a height of 10 cm. Seedlings transferred to the nursery and grown in 
polybags began to increase in size rapidly. Weaning in 70% shade for two weeks 
before transfer to direct sunlight was however necessary. Survival rates were 
around 80-90% depending on species. 

Conservation as seed stands (SPA) 
Many of the important species listed above were maintained in seed production 

.. areas within natural forest. Presently some ex-situ seed production areas for Shorea 
leprosula, Shorea macrophylla, Hopea odorata are being established. 

Conservation in seed orchards 
For many of the species listed seed orchards are just being established. 

In-vitro Culture storage 
None of the tropical forest species are being stored using this protocoL 

However, research in FRIM is being geared towards this end. 

Cryopreservation 
This approach is being researched in FRIM. To date 5 species of bamboo, 2 

species of Dipterocarpus spp, Hopea odorata and Dryobalanops aromatica have been 
successfully cryopreserved. For Hopea and Dryobalanops more work needs to be 
carried out to increase the recovery percentage of plants after cryo-storage. Other 
aspects such as encapsulation and vitrification techniques are being tested to 
increase the number of species that can be successfully conserved using the 
cryopreservation technique. 



8 Establishment and Management of Ex Situ Conservation Stands 

3.0 ROLE OF ARBORETA, BOTANIC GARDENS 
AND GENE CONSERVATION STANDS 
FOR EX SITU CONSERVATION 

Arboreta 

Definition of an arboretum 
An arboretum is essentially a well-grown and representative collection of 

trees maintained for the purpose of reference and as a convenient source of seed 
and herbarium materials for use and exchange. 

Purpose of the arboretum 
The arboretum is a collection of living trees, its main purpose is to use: 

• for scientific studies, 
• for conservation of genetic resources 
• to teach of Dendrology 
• for the study of phenology and the reproductive biology of species 

Setting up of an arboretum 
The arboretum can be set up in two ways: 

• In a vacant land area 
• By selective thinning out of a approportioned area within a forest 

that contains a large diversity of species of interest 

Developing an arboretum on a vacant land area 

• The size of an arboretum is dependent on the number of species to be 
maintained. 

• As a guide in an area of around 6.5 hectares a total of about 150 tree species 
can be planted. 

• The trees are planted in rows following the contour of the land area. 
• In general at least 2 or 3 replicates of each species should be 

represented in the arboretum in a random fashion to ensure the security 
of the species. 
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• Each tree has to be numbered, labelled and tagged clearly with its scientific 
name, local name, the date and place of collection 

• The details of the trees should be represented on a plan as a ready reckoner 
• Supplying of vacant points where the planted trees died and to be replanted 

with appropriate species 
• Regular maintenance of the area is most essential to ensure optimum survival 

of the planted species. 

Selective thinning of a forest area that contains a large 
diversity of species 

• This second type of arboretum established is one in which a forest area that 
is rich in tree species is selectively thinned to maintain only those species 
that are of importance or relevant for conservation. 

• In such arboretum the tree species are found randomly spaced. 
• Each tree has to be numbered labelled and tagged clearly with its scientific 

name, local name and the date of documentation 
• The details of the trees should be represented on a plan as a ready reckoner 
• Supplying of vacant points where the trees died and has to be redone with 

appropriate species 
• Regular maintenance of the area is most essential to ensure optimum survival 

of the standing species. 

Botanic Gardens 
Ideally all plants should be conserved as evolving populations in nature (in 

situ). However, this is not feasible for every species. Therefore those plants that 
are or could be at risk in nature, those that are over exploited by man, and those 
that are likely to be needed in the future, should be conserved outside (ex situ) 
their natural habitats, wherever possible both in seed banks and as cultivated 
plants in field genebanks. 

Botanic gardens are the most suitable set-ups in the world to rescue and 
'conserve individual plant species. Eventhough each botanic garden may focus 
on only a small number of plant species, its activities should be seen as part of a 
wider global effort to preserve biological diversity. 

Botanic gardens have to be active in both in situ and ex situ conservation of 
plants. Conservation is far more than just cultivating a few specimens of a 
threatened plant in a garden. Cultivating plants is often no more than a 
beginning, opening up possibilities for research, education and for re-introduction 
of species into natural ecosystems. 

Setting up a new Botanic Garden 
Before sampling wild populations of a species for ex situ collections, a study 

should be made of the variation across its geographical and ecological range. 
The ecogeographic survey, as it is called, involves both desk research and field 
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studies. IPGRI (International Plant Genetic Resource Institute) has prepared 
guidelines to carry out such work. It may not be possible for such a detailed 
survey to be undertaken always and a pragmatic common sense approach to 
sampling variation in the field is then the best method. 

The results of ecogeographical survey will allow decisions to be made as to 
the areas to be sampled (assigning priority to sectors where populations, or the 
species as a whole, are at particular risk of degradation or possible extinction), 
probable number of samples needed and sampling strategy. Knowledge of our 
breeding system and reproductive biology is especially important since it helps 
to understand the pattern of variation and genetic diversity that has to be 
sampled. Knowledge of pollinators and dispersal agents will be valuable for 
cultivation and maintenance of the material for storage. 

Adequate documentation is essential for all plant material used in botanic 
gardens. Particularly important is information gathered at the time of sampling; 
including geo-graphical location, topography, habitat conditions, and 
characteristics of the populations and plants. 

There is debate among conservation and population biologists as to the 
number of plants that need to be sampled in any given population to maintain 
its genetic integrity in conservation. As with in situ conservation, a minimum 
number of 500 has been suggested but many species do not exist in nature in 
such large numbers. 

Care must be taken to avoid collecting seeds in large numbers that the 
survival of the population is put at risk. As a general guide, no more than about 
10% of the available seeds of a population should be collected in anyone season. 
Clear instructions should be given to seed collectors and their attention drawn to 
the risks and consequences of over collecting seeds. 

Once the material has been collected, it must be maintained or stored in such 
a way that the genetic variation contained in the samples is not lost or eroded. 
Until recently most botanic gardens have not paid much attention to this, and 
many, if not most, of the conservation collections are inadequate in terms of 
sampling numbers, method of cultivation or storage. Detailed methodologies 
and procedures are still being developed but the principal requirements are 
summarized in the BGCS (Botanic Garden Conservation Secretariat) Guidelines. 

In the context of conservation and development, the following points should 
be taken into consideration when planning a new garden: 

• provision of a mission statement that is adopted and understood by all levels 
of management 

• a flexible approach to design 
• a commitment to a multi-functional approach 
• integration of conservation activities with the agricultural community 
• acceptance of an educational role 
• adoption of a clearly designed and focused collection policy 
• recognition of the need for public involvement and for extension into the 

community 
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• a research role that is relevant to the special circumstances and situation of 
the particular garden rather than following whatever is fashionable 

• interaction with other gardens, nationally, regionally and internationally so as 
to allow the development of specialized roles for each and to avoid duplication, 
share facilities and ensure that no high priority area is omitted 

• association with other local and international organisations and participation 
in their activities through joint planning where appropriate and desirable 

Guidelines for conserving which species and how many 
· Many conservationists today would reject on economically based arguments 

. for setting priorities in favour of a total stewardship ethic. This would entail 
attempting to preserve as many species as possible and is justified on the grounds 
that there is not a single species that we can positively declare as note worthy of 
conservation. 

Each botanic garden must decide which species and how many it will conserve. 
An IUCN study, however, has proposed that specific efforts should be made on 
around 50,000 species, the 20,000 known threatened species, a further 15,000 
species that are suspected to be threatened, and 15,000 additional species that 
are of known economic value. If we aim to conserve samples of half of these 
as ex situ collections in botanic gardens, and if we assume that 250 of the world's 
botanic gardens were to participate in the venture, then each botanic garden 
would on an average have to accept responsibility for conserving germplasm of 
100 species. The need to hold duplicate collections may raise the figure to 200-300 
species each, but in practice some would take more, some less. 

The ideal choice is for each botanic garden to concentrate on the local flora. 
This has long been practiced in countries like Australia and South Africa, and was 
strongly recommended by the Kew conservation conference in 1975. In work on 
the local flora, botanic gardens should: 

• Associate themselves with a national programme for coordinating the con
servation of rare plant species, or if such proramme does not exist, create one; 

• Ensure that all appropriate national and local conservation bodies are 
involved; 

• Undertake field studies to prepare status reports on potentially rare and 
endangered species, taking advantage of this to study reproductive biology, 
population structure and demography as well as to collect preliminary samples 
of seed and other propagules; 

• Compile and maintain a database on conservation worthy species, including 
information on endangered status. 

The advantages of concentrating on the local flora is that it represents the 
most efficient division of tasks in many countries around the world, and that 
it attracts local supporters and funding bodies and it is easy to combine both 
in situ and ex situ conservation. 
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Larger gardens with good resources should be prepared to help with the conservation 
of many species in countries without effective botanic gardens by: 

• assisting in conservation of natural areas 
• assisting existing gardens 
• assisting in setting up new gardens 
• providing facilities for duplicate collections 

For ex situ conservation, each botanic garden, in association with the relevant 
nature conservation authority controlling the land, should concentrate first on the 
species categorised as Endangered or Extinct, secondly on the species categorised 
as Vulnerable, and thirdly on those categorised as Rare. Botanic gardens are 
particularly suited to conserve Endangered species, most of which occur on tiny 
areas of land and need a balanced programmes of ex situ and in situ conservation. 
Indeed, a botanic garden should aim to ensure the survival of all endangered 
species in the geographical area for which it takes responsibility, either alone 
or in association with other botanic gardens in the country. Very special attention 
should be given to the maintenance and possible propagation of species which 
are grown in the garden but are believed to be extinct in the wild. Gardens 
have a particular responsibility for them as custodians of the only remaining 
germplasm. 

Development of an accession policy 
For ex situ conservation, it is essential that each botanic garden develops 

a clear Accessions Policy on which plants to include or accept and seek for 
their collections. Botanic gardens frequently find themselves with large plant 
collections that do not correspond to any specific policy or relate to research or 
teaching, either in the garden or in an associated institution, e.g. a university 
Botany department. Even when large collections have been assembled, running 
into many thousands of species, not much use is made of them except for display. 

The Accessions Policy should take into account the following factors relevant 
to conservation: 

• The nature and size of the native flora 
• Requests and proposals by national or international conservation bodies for 

action to preserve particular species or groups. 
• Cooperative agreements with international agencies or national genebanks to 

assist in the conservation of the plant genetic resources such as wild relatives 
of crop plants. 

• Educational needs and programmes, e.g. to elaborate the range of plant 
diversity or to display special groups such as medicinal plants, ornamentals, 
modern cultivars, genetic variants, historical collections, etc. 
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The origin and distribution of plant species grown in botanic gardens 
(except cultivars) should be known. This enables the collections to be used as an 
immediate source of material for scientific study and for re-introduction. Care 
must be taken however, to avoid depleting wild populations of critically 
endangered species. Precautions should be taken when species known to be 
invasive are introduced into cultivation in botanic gardens. 

It is also desirable to capture as wide a range as possible of the genetic 
variations from cultivated and wild sources. This is especially true for species 
whose wild populations are reduced to a handful of individuals growing in a 
small number of sites, but which may show considerable variation under 
cultivation. 

It is also recommended that wherever possible: 

• In demonstrating plant diversity it is preferable to use a species uncommon in 
cultivation rather than one that is widely grown in other gardens. It is also 
desirable to use threatened species, rather than ones which are common in 
the wild. 

• When choosing specialist collections, plants should be selected that are most 
likely to grow well in the climate of the garden with the minimum of attention 
and do not require special conditions, in particular heated greenhouses. Also 
they should be those that are least represented in other collections. 

• In developing countries in particular, gardens should aim for a greater emphasis 
on plants of known benefit to the local people, especially medicinal plants, 
forage species, etc. There should be less emphasis on common, exotic 
horticultural species and more on native plants. 

• In developing countries gardens should consider displaying samples of local 
traditional agro-ecosystems that include a great diversity of species and land 
races, and demonstrate their importance in conserving biodiversity. 

National collections 
One option, often chosen by the smaller garden, is to grow all the plants of 

one genus or family. Often, this is known as National Collection which function 
very well as a reference collection, and are ideal for conserving horticultural 
cultivars. They are not, however, so well suited for the genetic conservation of 
wild species, because of the small number of individuals that may be available 
per species and the very large risk of hybridisation. Also, few genera are 
composed of species all of which will thrive in the same environment. 

Duplication of collections is essential as a form of insurance. Also cultivating 
a species well away from its country of origin often acts as a safeguard against 
disease. The ideal form of duplication is through seed banks where the whole 
range of variation in a species can be stored very easily. If storage in a seed 
bank is not possible, the ease of duplication will greatly vary from one species to 
another. Easiest will be species of very small wild populations in which each 
individual is propagated and duplicated in many gardens. Most difficult will 
be highly variable and widespread plants. Here the ideal situation is that the 
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task of conserving the variation is shared on geographical basis, i.e. each garden 
conserves the variation from a different place or location and the range of plant 
variations. Wherever possible, duplicate collections should be in areas with 
climate similar to the natural habitat. 

Documentation in Botanic Gardens 
Information on plants held by botanic gardens is essential for the use of those 

plants in conservation. It is also often necessary when they are used for. 
enrichment of resources, science, horticulture and others. 

The information should be held in a systematic and organised way, such as in 
a card index or preferably computerised database, so that it is readily accessible 
to different users within the gardens, so that it can cope with an expanding set of 
entries and so that the gathered information is not lost when staff changes occur. 
Gardens should no longer rely on entries recorded only in ledgers. 

The information should include: 

• The full scientific (Latin) name of each plant, correctly identified as far as 
possible; 

• How and in what form the plant was obtained and how it has since been 
propagated; 

• Where the plant came from the wild, with description of locality as precisely 
as possible and with supporting data on climate and ecology. 

Gardens should readily share their information with others when requested 
and with relevant conservation bodies. Whenever one garden donates a plant 
to another garden, the plant should be accompanied with the information 
available on it. 

Gardens should consider computerising their records. Those that cannot do so 
at present should design a manual system which will most easily allow 
computerisation in the future. 

Co-operation between Botanic Gardens: sharing the load 
The actual distribution of botanic gardens is ill-matched to the likely demands for 

conservation, with most species occurring in tropical or semi-tropical countries 
where there are few botanic gardens in relation to the size of the problem. A 
numerical policy should be worked out for botanic gardens and arboreta which 
sets out, if only roughly, how many samples of how many countries can be 
managed in ex situ cultivation in botanic gardens by how many people and at 
what cost. This will inevitably impose an enormous responsibility on a relatively 
small number of gardens and will require a fund of goodwill and international 
cooperation. 

Botanic gardens in areas with small local floras should improve to extend, 
therefore offer their help and facilities so as to share the load. The extreme 
situation is the botanic gardens in tropical rainforest countries to have proper 
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facilities to promote ex situ conservation of the rich plant diversity of the area. 
In such cases gardens should focus their efforts more on education, drawing 
attention to the need to conserve habitats and the biodiversity they contain and 
expand their role in in situ conservation through nature reserve and protected area 
management. They should participate in broadly supported missions to collect 
material from the wild and to conserve the resources. 

Other gene conservation areas 
A significant number of rare or endangered plants are cultivated outside 

botanic gardens; these include 

• public parks and gardens some of which are of considerable 
antiquity and contain early introductions from the wild of native 
or exotic species 

• plantings used for landscaping cities, highways, motorways and 
other public areas under local or national jurisdiction 

• school or college grounds or arboreta 
• private gardens and collections, including substantial holdings of 

exotic material by nurserymen 
• collections held by scientific institutions which are not formal 

botanic gardens 
• collection held by non-scientific institutions housed in the grounds 

of properties previously belonging to landowners with strong 
horticultural interests who sponsored collecting expeditions 

Other forms of ex-situ collections would include the following: 

Field genebanks 
Species that do not readily produce seeds and those with recalcitrant seeds can 

be best conserved as ex situ field genebanks. These are usually areas of land in 
which collections of growing plants have been assembled. Unlike a garden, the 
plants are not arranged to please the eye, but are usually planted in rows like in 
an orchard or plantation. One very good technique is to plant the specimens in a 
semi-natural habitat alongside the garden. So far field genebanks have been 
mainly established to provide germplasm of tropical crops, often trees, such as 
cocoa, rubber, coconut, oil palm, mango, cassava and yam, sometimes in the form 
of clonal collections. In forestry, seed orchards have been planted for over 100 
years, and they are essentially field genebanks. 

Field genebanks take up much more space than a seed bank, yet can rarely 
cover so much genetic diversity. They are vulnerable to natural disasters such 
as bush fires and are especially susceptible to the spread of diseases. If seed is 
taken, hybridisation can be a problem. For a widespread or variable species, 
several field genebanks may be needed, in different climatic conditions, to 
include all the variants of the species. 
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However, field genebanks are far better than conventional collections because 
they more closely simulate a natural population. Although not much or regularly 
used in botanic gardens, such plants chould be conserved as ex situ collection 
using proper technique for vegetative propagation and to save the species with 
recalcitrant seeds. 

Seedling banks 
These are special kinds of ex situ collections in which the seedlings can be 

kept for several years because of meristematic dormancy under low light 
conditions. 

Living collections - growing 'plants 
These living collections are better termed growing plants (as opposed to 

seeds). With certain exceptions conventional collections of growing plants are 
probably the least relevant form of ex situ conservation to achieve genetic 
conservation, as they are usually based only on a small sample of the variation 
of each species (in some cases only one or a few individuals) and are frequently 
poorly documented. They are, however, very important as an education facility 
for demonstrating plant diversity and, on occasions, as a source of propagating 
material for species highly endangered or even extinct in their natural habitat. 
Very special care needs to taken for labelling and siting. The risks of hybrid
ization and disease are considerable. Plants for conservation are sometimes 
maintained in containers in nurseries where some degree of protection is 
present. If the climate of the gardens is suitable it is better to plant the material 
out in the garden under appropriate conditions, in special areas or field gene 
banks if space is available. 

Collectively the holdings of conservation worthy materials from the above 
sources is enormous and it must not be ignored simply because it does not 
form part of the botanic garden system. Clearly botanic gardens must play the 
lead, in association with other bodies in cataloguing, assessing and monitoring 
such material. 
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4.0 ROLE OF SEED PRODUCTION AREA 
IN EX SITU CONSERVATION 

Setting up seed production stands (SPS) 

17 

Seed stands or seed production areas are established in natural stands or 
plantations with a high frequency of phenotypically good individuals. The stand 
is then upgraded and managed entirely for seed production. Such stands are 
important in tree improvement programmes, since they often provide the main 
source of superior planting material. They are not directly linked to the 
establishment of seed orchards, which are the advanced sources of improved 
planting materials; but they often form an interim source until progeny tested 
seeds can be obtained from the seed orchards. Seed stands indirectly act as 
valuable gene pools that can also be used as conservation stands of desired 
species. 

Production of genetically improved seeds 
Production of genetically improved trees implies the following preconditions: 

• Seed are produced by good genotype individuals. 
• The trees are pollinated with pollen of good genotype individuals. 
• There is minimal selfing. 

Such conditions can be obtained in a stand of good genotypes which are 
allowed to cross freely and little contamination from outside pollen. 

As far as plus trees and seed stands are concerned, the genetic value of the trees has not 
been verified by progeny tests. Yet it has been clearly stated that improvements can be 
achieved by collecting seeds from trees with superior phenotypic characters, which have 
been pollinated by others perhaps with superior phenotypic characters. 

Seed stands as seed sources 
Seed stands provide a quick and reliable source of tree seeds since they are 

established in already existing mature stands. An alternative to the use of seed 
stands would include the following: 

• The seed stands can be managed especially for seed production (e.g. by 
roguing, thinning, fertilization etc.), implying higher production from 
the individual tree and minimizing pollination from inferior trees. 
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• Individual trees in the seed stand are likely to be pollinated by good pheno
type individuals since the other trees have been rogued. 

• The seed collection is cheaper since the seed trees are located in a relatively 
small area. 

Some disadvantages of seed stands as compared to scattered plus or candidate 
trees are as follows: 

• The selection differential is less. 
• The management of seed stand implies management costs. 
• Individual trees in a seed stand may be closely related. 
• Risk of wind-throws, fire, etc. is increased due to increased spacing. 

Area survey 
The conversion into a seed production area implies management and 

consideration of other implications when identifying the potential seed pro
duction area. A survey needs to be undertaken in order to identify the area 
conditions. 

Following preconditions should be fulfilled for a stand to be upgraded on to a 
seed stand: 

• The origin of the seeds from which the stand has been established should 
be known. This applies obviously only for plantations. The origin of the 
seed is important in order to know the genetic base, i.e. from how many 
trees the seeds were collected. 

• The area should contain a large number of good phenotype individuals. 
The eventual stand after roguing and thinning will usually be 100-200 
trees per hectare (depending on species, site and selection intensity). The 
initial survey should reveal the number of superior phenotypes present. 
If the area contains less than 25 good phenotypes per hectare, it should 
be rejected since the gain in terms of good seeds produced as related to 
cost of establishment and management. There will also be a high risk of 
selfing in a very open stand. 

• The trees should be mature for seed production, but not too old. Seeds 
from very young or very old trees often are of inferior quality as compared 
to seeds from middle age trees. Secondly, old trees will not respond to 
thinning with a consequent crown development. 

• The area should be easily accessible. The conversion of a stand into a seed 
stand and following management operations like harvest of seeds, main
tenance, etc. implies that the area can be reached throughout the year. 

18 Establishment and Management of Ex Situ Conservation Stands 

• Individual trees in the seed stand are likely to be pollinated by good pheno
type individuals since the other trees have been rogued. 

• The seed collection is cheaper since the seed trees are located in a relatively 
small area. 

Some disadvantages of seed stands as compared to scattered plus or candidate 
trees are as follows: 

• The selection differential is less. 
• The management of seed stand implies management costs. 
• Individual trees in a seed stand may be closely related. 
• Risk of wind-throws, fire, etc. is increased due to increased spacing. 

Area survey 
The conversion into a seed production area implies management and 

consideration of other implications when identifying the potential seed pro
duction area. A survey needs to be undertaken in order to identify the area 
conditions. 

Following preconditions should be fulfilled for a stand to be upgraded on to a 
seed stand: 

• The origin of the seeds from which the stand has been established should 
be known. This applies obviously only for plantations. The origin of the 
seed is important in order to know the genetic base, i.e. from how many 
trees the seeds were collected. 

• The area should contain a large number of good phenotype individuals. 
The eventual stand after roguing and thinning will usually be 100-200 
trees per hectare (depending on species, site and selection intensity). The 
initial survey should reveal the number of superior phenotypes present. 
If the area contains less than 25 good phenotypes per hectare, it should 
be rejected since the gain in terms of good seeds produced as related to 
cost of establishment and management. There will also be a high risk of 
selfing in a very open stand. 

• The trees should be mature for seed production, but not too old. Seeds 
from very young or very old trees often are of inferior quality as compared 
to seeds from middle age trees. Secondly, old trees will not respond to 
thinning with a consequent crown development. 

• The area should be easily accessible. The conversion of a stand into a seed 
stand and following management operations like harvest of seeds, main
tenance, etc. implies that the area can be reached throughout the year. 



Establishment and Management of Ex Situ Conservation Stands 19 

• The area should not be exposed to major natural disasters. Strong winds, 
typhoons, fires, etc. can seriously damage the seed stand especially shortly 
after it has been thinned. Where such dangers are actual, the area should 
not be selected so as to minimize the risk. 

• The area should be protected from major noxious/destructive animals. 
Animals whether domestic or wild can be disastrous. In certain areas e.g. 
elephants, in others e.g. camels can be hazards to open stands. 

• The area should be free from pests and diseases. Attack by pests may result 
in inferior seed source quality. 

• The trees should produce flowers and seeds in the area. This is especially 
important in exotics where flowering may fail or seeds are not produced; 
the latter sometimes because of lack of proper pollination agent or due to 
different climatic factors. 

• The area should not be exposed to logging. Applies to natural stands only. 
If logging has taken place there is a risk that the best trees have been cut 
leaving the inferior trees behind. The phenomenon is sometimes called 
dysgenic selection. When selecting a seed stand, it should be considered 
whether the area can in practice be converted into a seed production area, 
i.e. if the necessary operations of roguing, thinning and possible establish
ment of a pollen dilution zone are practically possible. For example, in 
case of general logging bans, there may be a risk of I/legalizing" cuttings 
for the local community. This and other social implications may make it 
impossible to establish the desired SPS at the most appropriate place. 

Size of the seed stand. The size of a seed stand is planned according to the 
seed requirement from the area. The number of seedlings to be raised is 
calculated and the amount of seeds required is determined. A survey of good 
seed producing individuals of the species in question will suggest the potential 
seed production per tree on average basis. 

It may be advisable to establish several smaller seed production areas rather 
than a large one. This holds for a large plantation programme. Especially if the 
afforestation area is heterogeneous, each individual SPA should match as close 
as possible the potential planting site (soil, exposure, altitude etc.). However, the 
individual areas should not be too small either. That will be a constraint in 
future management and make the marginal zone too long with the risk of 
undesired pollination. A minimum of 4 hectares has been suggested for practical 
management of SPS for most forest tree species. 

Isolation from pollen contamination. A seed stand must be isolated in 
order to hinder contamination with foreign pollen. The idea of establishment of 
a pollen dilution zone with clearing of all trees of the same species or species that 
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can possibly cross around the SPS is often not possible. In practice the problem 
is often overcome by establishing the seed stand as the core of a larger stand of 
trees. If a pollen stand dilution zone is established, it should have a width of 
some 200 m upwind for wind pollinated species. Usually there is a prevailing 
wind direction around the time of pollination and only a narrow pollen dilution 
is necessary from the other directions. For insect, bird or bat-pollinated species 
there is no general rule; the isolation is much dependent on the behaviour of the 
agent in question. 

Converting a stand into a seed stand implies the following actions: 

Delineation of the area. The minimum area for practical management is about 
4 hectares. The borders should be clearly demarcated with poles, signboards, 
and included in the forest map. 

The selection criteria that includes fast growth, stem straightness etc have been 
established in good tree improvement books. Those trees that do not meet the 
minimum standard are demarcated and sometimes numbered. It is easier if 
both the trees to be retained and the trees to be cut are demarcated, e.g. the former 
with a ring and the latter with a cross. When crossing trees for cutting, it is 
advisable to cross at two sides, so that the mark is easily discovered by the forest 
labourers. 

Importance should be given to functions of the seed stand, viz. the production 
of abundant seeds and the production of improved seeds. Although all inferior 
phenotypes should be rogued no matter whether it will leave some gaps without 
trees, there should still be enough trees left for seed production. There are 
generally two ways of selecting: 

a) The seed trees are selected as the best in the stand no matter their distribution. 
This method will leave an uneven distribution of seed trees in the stand. 
The selection differential is higher but the seed production is likely to be 
lower. 

b) The area is subdivided into smaller plots in which the best trees are 
selected as seed trees. In case two trees are equal the selection should 
be according to proper spacing. This method leaves a more even distribution 
of seed trees in the stand. The selection differential is lower but the seed 
production is likely to be higher. 

Selection of trees on an exposed border is usually difficult since these trees 
have favourable growth conditions and often exhibit a peculiar growth form (e.g. 
wide asymmetric crown) which is not desired for plantation trees. The selection 
criteria should be flexible for those trees. In case of dioecious species, care should 
be taken so that sufficient male trees are left behind for pollen production to 
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facilitate pollination. The inferior phenotypes are to be cut and removed. That 
holds for all inferior phenotypes no matter whether it implies large openings. 

Additional thinning of the stand. If roguing leaves too many trees in the 
stand in total or in certain parts, some additional trees may be thinned out. Such 
trees may be acceptable for seed production and the operation is purely silvi
cultural in order to improve the spacing and consequently promote flowering of 
the remaining trees. However, when thinning is carried out it should still leave 
the best material behind. The final stand should have about 100-200 trees per 
hectare. It is important that the first thinning is done early. Roguing and thinning 
should be done carefully in order to avoid or minimize damage to the remaining 
trees in the stand. Trees with partly damaged crowns are not good seed producers 
and broken branches or other damages may serve as entry points for fungal 
attacks. 

Opening a stand by roguing and thinning implies some risks by leaving the 
remaining trees exposed to adverse weather conditions. There are two main 
risks: a) In hot humid climates and especially the climax forest species will 
be vulnerable to desiccation and b) In areas exposed to heavy wind, species are 
prone to damage by wind. 

The problem may be overcome by roguing and thinning in several steps, not 
the total operation at one time. This will allow the remaining trees to adjust and 
adapt to the new conditions. The time of cutting should be chosen such as to 
minimize the negative effects, for example, outside the season of frequent typhoons 
or heavy winds or other hazards; or, if desiccation is the major risk, just before 
the onset of the rainy season. 

In certain areas a method is applied in which the trees to be cut are girdled, 
causing a slow die-back of the trees and allowing the remaining trees to adapt to 
more open exposure. Poisoning trees prior to cutting may be practised, but 
implies a risk of killing or damaging trees to be retained if the root systems are 
connected. Using this method implies, however, a risk that dying trees may 
attract pests and diseases. If the method is applied, the trees should be cut and 
removed as soon as they have lost their leaves. 

The rogued and thinned material should be removed in order to avoid 
attracting diseases, being a fire hazard or impede traffic in the area. 

The PDZ (pollen dilution zone) may be open (grass or other low vegetation) or 
have trees that are different from the species of the SS (seed stand) and which do 
not hybridize with that species. If the stand is part of a larger stand, it should be 
selected so that it is surrounded by a zone of good phenotypes. 

Management of seed stands. Control of weeds (bushes / shrubs / vines) diminish 
competition, especially if fertilizers are applied, and facilitates the accessibility to 
the area. Growth of plants will be prolific immediately after roguing and thinning 
butis likely to diminish once the crowns ofthe remaining trees have closed. Since 
the seed production is not abundant until after full crown development, it may 
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not be worthwhile weeding until just before seed harvest. Weeding can be done 
manually or by spraying with herbicides/ arbocides. Apart from general 
precautions during handling of the latter, special care should be taken on the 
potential damage to other trees. A cheap and another applicable way of weeding 
is to let livestock graze the seed production area. Sowing of an enrich-ment crop 
e.g. a legume herb improves the fodder quality and palatability for the livestock. 

The tree crown should be left open and exposed. Regular pruning after fruit
ing may be undertaken in order to promote flowering. 

Fertilizers may be applied to SPAs to promote growth and flowering. Nitrogen 
promotes vegetative growth in particular, often at the expense of flowering. 
Hence, N containing fertilizers are usually applied only when vegetative 
growth is promoted. During flower differentiation granulatedP&K (phosphorus 
and potassium) with micro nutrients is usually applied. The time of application is 
probably important. The time of flower differentiation, the requirements of 
particular species and the type of fertilizer available differs. Reports on indivi
dual species should be consulted. Soil analysis on the nutrient level are useful 
for the determination of the requirement and possible application of fertilizers. 

Flowering can be induced or promoted by application of flower setting 
hormones and by inducing stress during flower differentiation. The methods 
are used in seed orchards but are often too expensive in seed stands considering 
the potential gain. 

Manipulation of the pollination is easiest for wind-pollinated species. Spacing 
is a method of improving the general condition for wind pollination. The effect 
on insect pollinated species is probably different from species to species 
according to pollinator, and details are poorly known. Promoting pollination 
by insects by setting up beehives is widely used in fruit orchards and agriculture 
and may be applicable to forests seed orchards also. It is important that flowering 
of the trees to interbreed takes place at the same time of the year (timing) and that 
there are no physiological constraints to the crossing (incompatibility). 

The cost of any operation in silviculture must be balanced against the gain 
of its implementation. The economical gain from using seeds from a seed stand 
as compared to using seeds from an unselected stand may be in the level 5-15%. 
This can rarely justify the most costly management operations for seed 
production, for example, establishment of pollen dilution zones, hormone 
applications, etc. are rarely practiced in seed production areas, and in many 
areas soil analysis and fertilizer application are too costly. Due to much higher 
gain, a more intensive management practice for seed production can profitably 
be carried from seed orchards. 

For local as well as commercial use it is important that there are full records 
on all aspects of the seed production area. The records should contain all basic 
information on location, climate, soil, seed origin, year of planting, number of 
trees,silvicultural operations,etc. The status of the seed production area should 
be frequently updated with records on management operations and yield, e.g. 
time of thinning, pruning, weeding, fertilizer application, harvest etc. Seeds 
from a seed production area should always be accompanied with information 

22 Establishment and Management of Ex Situ Conservation Stands 

not be worthwhile weeding until just before seed harvest. Weeding can be done 
manually or by spraying with herbicides/ arbocides. Apart from general 
precautions during handling of the latter, special care should be taken on the 
potential damage to other trees. A cheap and another applicable way of weeding 
is to let livestock graze the seed production area. Sowing of an enrich-ment crop 
e.g. a legume herb improves the fodder quality and palatability for the livestock. 

The tree crown should be left open and exposed. Regular pruning after fruit
ing may be undertaken in order to promote flowering. 

Fertilizers may be applied to SPAs to promote growth and flowering. Nitrogen 
promotes vegetative growth in particular, often at the expense of flowering. 
Hence, N containing fertilizers are usually applied only when vegetative 
growth is promoted. During flower differentiation granulatedP&K (phosphorus 
and potassium) with micro nutrients is usually applied. The time of application is 
probably important. The time of flower differentiation, the requirements of 
particular species and the type of fertilizer available differs. Reports on indivi
dual species should be consulted. Soil analysis on the nutrient level are useful 
for the determination of the requirement and possible application of fertilizers. 

Flowering can be induced or promoted by application of flower setting 
hormones and by inducing stress during flower differentiation. The methods 
are used in seed orchards but are often too expensive in seed stands considering 
the potential gain. 

Manipulation of the pollination is easiest for wind-pollinated species. Spacing 
is a method of improving the general condition for wind pollination. The effect 
on insect pollinated species is probably different from species to species 
according to pollinator, and details are poorly known. Promoting pollination 
by insects by setting up beehives is widely used in fruit orchards and agriculture 
and may be applicable to forests seed orchards also. It is important that flowering 
of the trees to interbreed takes place at the same time of the year (timing) and that 
there are no physiological constraints to the crossing (incompatibility). 

The cost of any operation in silviculture must be balanced against the gain 
of its implementation. The economical gain from using seeds from a seed stand 
as compared to using seeds from an unselected stand may be in the level 5-15%. 
This can rarely justify the most costly management operations for seed 
production, for example, establishment of pollen dilution zones, hormone 
applications, etc. are rarely practiced in seed production areas, and in many 
areas soil analysis and fertilizer application are too costly. Due to much higher 
gain, a more intensive management practice for seed production can profitably 
be carried from seed orchards. 

For local as well as commercial use it is important that there are full records 
on all aspects of the seed production area. The records should contain all basic 
information on location, climate, soil, seed origin, year of planting, number of 
trees,silvicultural operations,etc. The status of the seed production area should 
be frequently updated with records on management operations and yield, e.g. 
time of thinning, pruning, weeding, fertilizer application, harvest etc. Seeds 
from a seed production area should always be accompanied with information 



Establishment and Management of Ex Situ Conservation Stands 23 

on provenance trials, basic edaphic and climatic factors, and number of trees 
from which the seeds were harvested. 

Setting up a provenance stand 
A species is commonly defined as a group of individuals of similar morpho

logy that are able to breed with each other but not with individuals from outside 
species. There is, however, no general agreement on the degree of similarity in 
order that individuals of the same species are placed. Usually it is not difficult 
to distinguish between the species as they vary in many characteristics but in 
cases of doubt botanists should be consulted for verification. 

Provenance 
The geographic location of a seed source is called its provenance. Within a 

species, provenances may vary e.g. in growth and adaptability on different sites. 

Selection 
The great differences between species that are immediately visible in nature 

makes it generally accepted that selection of species is the most important 
choice in any tree planting programme or any tree improvement programme. 
This is from where all tree planters consciously or subconsciously begin their 
work. It is a well-established fact that choice of seed source within a species is of 
great importance. Lack of success in tree planting may be due to the fact that the 
chosen seed source comes from an area with different climatic and environmental 
conditions than those of the planting site, and that the adaptation to the growth 
condition has made the seed source unsuited for the new planting site. On the 
contrary the new area selected may be more suitable for plant growth than the 
native areas of the species. 

The law of diminishing returns is fundamental in tree improvement: as one 
gets closer to the ideal, costs and efforts become greater for each added unit of 
gain. The increase in gain is greatest in the beginning of the programme, covering 
and emphasing the great importance of choice of species and provenance. The 
natural distribution of some species covers large areas, other species may have 
a limited natural distribution. The greater the distribution, the greater is the 
likelihood of a wide genetic variation because of different adaptation to the 
varied local environments. 

Genetic variation is the basis of tree improvement. Some species show large 
variations and some species are more uniform, the greater the variation, the 
greater the gain likely to be obtained from selection, and it may not be worth 
including a very uniform species in an improvement programme beyond the 
species and provenance level. If the country has a national tree planting 
programme, it should be remembered that the selection of species for tree 
improvement should be made in accordance with well identified programme. 
Local knowledge and experience from existing forest stands (of natural or 
introduced species), earlier trials, and botanical or private gardens may give a 
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first hand information of the potential of possible species. Further knowledge 
should be gathered through study of available literature and correspondence or 
personal communication with forest colleagues in the country and abroad. 

Results from species and provenance trials in other regions or countries may 
be useful if they come from the same or similar climatic zones and from similar 
environments, i.e. soil etc. If information is lacking, a number of species is to be 
tried in small plots on sites that represent proposed afforestation area. Provided 
the locations are carefully selected to sample the range of planting sites, 
extrapolation of performance from small plots to the whole afforestation area 
should not involve too great a risk. A small but properly planned species trial 
tailored to the staff and financial resources available is often more likely to 
provide useful information than those trials that are less well planned and 
implemented. 

In species testing, it is important to choose a limited but sufficient number of 
seed sources/provenances of each species to avoid misjudgment of the species 
because of inappropriate representation. Ideally, the seed sources should 
represent the genetic variation in adaptability, variability, flowering and 
fruiting, and other important characteristics. In practice, one will have to do 
with less. Provenances from areas where the species seems to have its optimum 
should be included, and it may be fruitful to include seed sources from 'extreme' 
environments where they may have developed in a particularly appropriate way 
to overcome extreme conditions. 

When introduction of new species is considered, the following should be 
taken into consideration: (a) The performance and characteristics of the species 
in its native habitat and (b) The climatic and edaphic similarity between regions 
of origin and use. Generally, species from similar or some what harsher climates 
as compared to the expected planting site will be most promising and safest to 
select. However, species from richer sites or more climates may possess greater 
growth potentials, which may give surprisingly good results. In the case of 
introduced species, seeds should whenever possible be collected from stands of 
known origin. It is important that the seeds sources are precisely identified in 
order that it is possible to go back for more seeds of desirable sources and avoid 
the undesirable ones. For promising species with naturally wide geographical or 
ecological ranges, further provenance testing is essential. 

Selection criteria 
When species (or provenances) are to be selected, it is important to remember 

the purpose of tree planting and the priorities laid down in the national forest 
policy. Choice of right species/provenance is a vital decision in any planting as 
well as improvement programme. The aim is to provide species/provenances 
that: (a) Will fulfill the purpose of planting and b) Are well-adapted to the 
planting sites in question. It is also important to remember that the characteristics 
we observe in trees are governed partly by genetics, partly by environmental 
influence. Characteristics such as the form of the leaves or needless, flowers, 
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fruits, and seeds, so-called qualitative traits, are to a great extent governed by 
genetics and are inherited through generations. Most of these are distinctive 
characteristics of a given species. 

Characteristics such as growth rate and production of fruits or gum are 
greatly influenced by the environment. Generally, 'either-or' characteristics tend 
to be qualitative, having high heritability, whereas 'more-or-Iess' characteristics 
tend to be quantitative, having low heritability. It is important to distinguish 
between natural and introduced species. Natural populations will normally after 
generations of natural selection be well adapted to their sites. An introduced 
population is usually less adapted to the site on which it is growing. However, 
after a number of generations, such introductions may have been well adapted 
and become land races. Indigenous species are often safest but not necessarily 
the best. There are many subtle interactions between environment and trees 
that will determine the success or failure of a plantation, and there is no substitute 
for adequate species and provenance trials on typical sites as a basis for large 
scale afforestation. 

Testing - Species trials - Species selections may pass through a number of trials 
that eventually will end in the selection of a few provenances of a few species well 
suited for the purpose and well adapted for the areas in question. 
The stages may be as follows: 

a) Species elimination trials, where a large number (20-40) of possible species 
is tested in small plots on one or a few sites for a short period (1/10 to 1/5 
rotation) to determine survival and promise of reasonable growth; usually 
a few (2-3) sources/provenances of each species is tested. Generally, local 
populations should always be included as these would be easily accessible 
and form future seed sources if they turn out to be competitive. 

b) Species testing phase/growth trials, where a small number (5-10) of 
promising species are tested and compared in larger plots for longer periods 
(1/4 -1 /2 rotation); usually a larger number (3-5) of sources/provenances 
of each species is included, particularly for species with large natural 
distribution and great variation. 

c) Species proving phase/pilot plantations, where the superiority of a few 
species is confirmed under normal plantation conditions. 

Sample designs for species trials 
It is important to be realistic as to the dimensions of the trial and to carefully 

consider the ability to cope with different designs, assessment methods and 
analyses of the results. Robust and simple trials can give useful results and are 
better than more sophisticated trials if these are unmanageable by the staff or turn 
out to be beyond the financial resources of the project or research station and 
therefore have to be left abandoned or unfinished. 
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Provenance trials 
A provenance trial, where many sources of a promising species are tested, is 

an essential tool for clarifying the extent of variation within a species. 
For species with wide distribution, the selection of provenances may go 

through a number of phases: 

• a range-wide provenance sampling phase. 
• a restricted provenance sampling phase and 
• a provenance proving stage. 

In the initial phase, most often very little is known about the pattern of variation 
of the species in question, and qualified guesses have to be made as which 
provenances should be included based on environmental and distributional 
factors. Ten to thirty provenances are suggested in this phase, which usually 
last for 1/4 to 1/2 rotation. As mentioned above, samples from areas where the 
species shows optimum performance should be included as well as areas with 
extreme environment and insular occurrences. Additional samples should be 
taken where there are obvious and unusual phenotypic variations. 

In large homogeneous areas, one has to set artificial boundaries to define 
provenance locality. It is recommended to make use of existing roads, rivers and 
other landmarks. It may be useful to use a grid system where the area is divided 
systematically in squares. Systematic sampling may reveal the direction and 
strength of possible trends in variation that are not visible in the field. In order 
that random differences between trees can even out so that the seed sample 
represents the population well, it is usually recommended that seed is collected 
from 25-30 unrelated trees on an average, the numbers mentioned so far by 
different authors range from 10 to 50. 

In order to avoid narrowing down the variations through selecting trees which 
are closely related genetically (or trees which have a abnormally high incidence 
of self-pollination), it is generally considered that seed trees in natural stands 
should be between 100 and 300 meters from each other. Adjacent trees in 
plantations are usually not closely related because the seed has been bulked 
and there need be no restrictions on spacing of seed trees. Common standards 
suggest selecting 'average or not less than average' trees of dominant or co
dominant trees in ' average' stands. More detailed guidelines on which trees to 
collect from can be found in Willan (1985). If possible, national standards should 
be included in order that new sources can be compared with well known or 
acknowledged sources. 

Local land races of exotics should also be included as these often compare 
favourably to new introductions. 

In the second phase, 3 - 5 promising provenances may be tested for a duration 
of 1/2 to 1 rotation. 

In the third phase, only 1 or 2 provenances may be tested in pilot plantations. 
The different phases of species and provenance trials are often run more or 

less concurrently in order that results may be used for further trials as they 
become available. 
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Experimental sites 
Each site should be as uniform as possible. The sites should be representative 

of intended plantation areas to help ensure validity of experimental results. 
Field trials of forest trees cover a large area which usually includes variations in 

soil, micro-climate, topography, previous use, etc. The simplest method of avoiding 
population differences are confused with site variation is by blocking. The 
experimental site is divided into blocks, each corresponding to the most important 
environmental sub-divisions. For most types of design, the blocks should be of 
similar size, each having the same number of experimental plots. 

The number of replications should be 'adequate'. Theoretically, the precision 
of comparison of populations means is proportional to the square root of the 
number of replications. In practice, however, there is one main factor which 
reduces the gain in precision; that is, for any given plot size and number of 
populations, more replications mean a larger number of samples and, consequently, 
a greater likelihood of site heterogeneity. 

It is common practice to have 3-4 blocks each of up to 25-30 plots. 
Assignment of each species or provenance to the plots at random is the best 

way to avoid bias in the estimation of population differences (through a particular 
population being planted in all 'good' or all 'bad' plots). 

With increasing numbers of populations the simpler designs become less 
efficient because both random and systematic variation within replicates tend to 
increase. This problem is approached in two ways: (a) plots are arranged in blocks 
which are smaller than a full replicate or (b) plot size is reduced. 

Outline for species and provenance trials 
Species elimination trials: 20-40 possible species; 2-3 provenances of each; 

duration 1/10 to 1/5 rotation; minimum plot: 5 trees in line plot; 'maximum' plot: 
25 trees (5 x 5). 2 replication (blocks). 

Species testing phase: 5-10 promising species; 3-5 provenances of each; 
duration 1/4 to 1/2 rotation; plot size: 16-25 trees (4 x 4 or 5 x 5 ) plus a 1-2 row 
buffer. 3-4 replications. 

Species pilot plantation: 3-5 best species; 1-2 provenances of each; duration up 
to normal rotation; minimum plot; 100 trees (10 x 10) plus a 2 row buffer; 
maximum plot: normal stand size for plantation use. 

First, range-wide provenance trials: 10-30 provenances; duration 1/4 to 1/2 
rotation; plot size: e.g. 25 trees (5 x 5) plus a 1 row buffer. 3-4 replications. 

Second, restricted provenance trials: 3-5 provenances; duration 1/2 to 1 
rotation; plot size e.g. 100 trees (10 x 10) plus a 1 row buffer. 

Provenance pilot plantations: 1-2 provenances; up to normal rotation in 
normal stand size. 

Number of seed trees per sample of each provenance: generally recommended 
25-30 unrelated individuals. 

Amount of seed to raise for each provenance sample: sufficient seed for about 
12,000 plants to cover the total range of trials from species elimination trials to 
provenance pilot plantation (the latter of one hectare). 
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U se of trial results 
Tree improvement programmes take time. But it is not necessary to wait for 

many years to obtain the very best plant material. While a tree improvement 
programme is in progress, it should be considered how immediate seed supply 
can be improved by using the best currently available seed or plant material. 

Recommendations of tested species and provenances should be issued as 
soon as trial results become available. Species and provenance trials will usually 
result in the elimination of undesirable species or provenances, whereas the 
desirable ones may be used immediately for new plantations or included in 
further tree improvement programmes at species and provenance level, later at 
family and individual tree leveL 

When superior seed sources have been identified in provenance trials, new 
stands of these should be established for future seed supply in order to provide 
enough seeds of the desirable provenances and to avoid contamination from 
inferior trees nearby, but also to secure the conservation of the good seed sources 
for the future. Tree improvement is usually a non-ending process, where new 
species and provenances are tested to achieve even better planting results in 
future. 
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5.0 SEED ORCHARD ESTABLISHMENT 

Seed orchards 
Seed orchards have a crucial role in the tree improvement programme, since 

they function both as the breeding population and as the propagating population. 
The establishment of seed orchard follows in time after the selection of plus trees 
in the tree improvement programme. A seed stand is established tentatively as an 
interim source of seeds until seeds produced from seed orchards become available. 
The seed orchards represent a more advanced step, since the genetic worth of the 
trees has at this stage usually been verified by progeny tests. 

The purpose of establishing a seed orchard is to produce large quantities of 
improved seeds. The management for seed production often implies the use of 
silvicultural practice other than the conventional one used for promoting wood 
production. Also, apart from the above, in a broader context, the established 
seed orchards also serve as ex situ reservoir of germplasm of a particular species, 
and for further improvement. 

Reproductive age of trees 
The age at which trees produce their first fruit crop varies according to species, 

varieties, environmental conditions, management, etc. Some species reproduce 
after a few years while others will take several decades before they set flowers and 
fruits. Plants will often reproduce late or not at all if they grow on the periphery 
of their geographical distribution or under adverse growth conditions. On the 
other hand, the physiological maturity can be normal or even early if the trees are 
grown under favourable conditions. For some species with a late reproductive 
age, the reproduction can be hastened by using grafts orcuttings since these 
vegetative materials tend to retain their physiological age and consequently 
flower at an earlier age than plants raised from seeds. 

Some physiological and environmental conditions 
that promote seed production 

Good growth conditions in general promote good flowering. Ample flowering 
is a precondition for abundant seed production. In addition to good growth 
conditions in terms of soil and climate, flowering/fruiting also require adequate 
light and effective pollination. The main ecological factors that promote flowering/ 
fruiting are the following: 
• Optimal soil conditions (pH, fertility, structure, drainage, etc.) 
• Optimal climate (water, light, temperature, etc.) 
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• Optimal conditions for pollination (pollination agent, synchronized flowering, 
etc.). 

• Reduced root competition (for water and nutrients). 
• Reduced crown competition (for light). 

Internal factors within the plant also influence flowering and seed production. 
Many trees do not produce a heavy seed crop every year. An abundant seed crop 
usually occurs when a period of accumulating nutrient resources in the trees is 
followed by a (brief) physiological stress period, which may be environmental or 
induced by man. Following physiological factors promote heavy fruiting: 

• High level of internal resources in the plant. 
• Effective pollination (compatibility, timing). 
• Necessary level of flower promoting hormones. 
• Brief stress condition during flower differentiation. 
• Optimum nutrient and water supply during fruit development. 

Some of the above factors are site specific and must be taken into consideration 
when allocating the site for the seed orchards. Others can be manipulated through 
proper management practice. 

Establishment and management of seed orchards 
Seed orchards are stands planted especially for the production of abundant 

superior seeds. A seed orchard consists of trees where the phenotype is usually 
of minor importance as long as the trees do produce seeds. Only when the 
seedling seed orchard is combined with a genetic test (cum progeny trial) the 
phenotypic characters of the trees are important. 

There are two main types of seed orchards, according to the method of 
establishment: 

• Clonal Seed Orchard: Seed orchards raised from selected clones propagated 
by grafting, cutting, air layering or tissue culture. 

• Seedling Seed Orchard: Seed orchard raised from seedlings produced from 
selected parents through natural or controlled pollination. 

Size and longevity of seed orchard 
The size of the seed orchard is determined by the seed demand or the expected 

seed production from the orchard. Both figures are subject to estimates. Planting 
targets may be altered in the future and the seed production from individual 
trees are often only subject to qualified estimates. A minimum of 15-25 clones 
or families are established to assure a sufficient genetic base and to limit selfing. 

A seed orchard will be useful as long as the trees are physiologically repro
ductive. In practice, however, a seed orchard will only be operative until a new 
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improved seed orchard has been established, based on next generation progeny 
test. Seed orchards are usually identified on 1st, 2nd, 3rd generation etc. 

Location of the seed orchard 
Since the seed orchard is established entirely for planned seed production 

(with the exception of the combined genetic tests/ seed orchards) the conditions 
should promote flowering and fruiting. Selection of the appropriate site for the 
seed orchard will help the management during and after the establishment. 

a. Species specific requirements: 
Climate: temperature, precipitation, photoperiod and wind exposure. 
Soil: texture, nutrients, pH, drainage. 
Topography: flat/mountainous, exposure. 
Altitude: metre above sea level. 

Knowledge on species specific requirement of species and especially 
reproductive biology is crucial for proper matching of species and site, i.e. to 
ensure that the species will produce fruits. The seed orchard should be 
established within the known geographical and ecological range. For exotics, a 
seed orchard should be established only after the flowering and fruiting have 
been successfully proven in the area. The site should be selected in order to 
promote seed production with some genetic test. A site with average fertility is 
preferred to an area with high fertility since the latter may promote vegetative 
growth at the expense of reproduction. That may be especially important for 
low demanding species. A poor soil fertility can be manipulated with the 
application of fertilizer. A flat or slightly undulating area is generally preferred 
since such area is generally homogeneous in soil structure and fertility. 

In a mountainous area, mountains will cast shade according to sun position 
(season and time of the day), that may have a crucial influence upon the 
reproductive biology of the trees. Special threats such as termites should be taken 
into consideration when selecting the area where, e.g. termites are problems. 

b. Management requirements: 
Accessibility 
Labour availability 
Close to administration 
Close to nursery 
Gentle topography 

The seed orchard should be established with good management. Since the seed 
orchard is labour intensive both in terms of operation (establishment, maintenance, 
seed collection, etc.) and administration (record management, organization of 
labour, etc.) a central place, e.g. near to a local forest administration office and 
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nursery is preferable. Such areas may also be easier to protect. A flat or slightly 
hilly area, for example, abandoned agricultural land, is preferred e.g. because it 
permits mechanical operation by tractors and other machines. 

c. Protection: 
Strong winds, typhoons, etc. 
Fire 
Illegallogging/fuelwood collection 
Destroying animals 

A seed orchard site should be established far from places where natural 
disasters are frequent including strong winds, floods and typhoons. The area 
should be exposed as little as possible, i.e. sheltered by hills or mountains. Fire 
is mainly caused by man and it is advisable that the orchard site be placed where 
grass fires are rare. In areas with severe wood shortage and consequent cutting 
for fuelwood collection, the orchards may be in danger unless the area is protected 
by local authorities. Both wild and domestic animals can be destructive to seed 
orchards. Location close to national parks/ game reserves or close to villages 
where for example, goats and cattle graze freely may be destructive. In general 
remote places should be avoided since they may be difficult to protect and 
inaccessible. 

d. Specific orchard requirements: Isolation from pollen contamination 
(distance and time). The seed orchard should be placed as far as possible with 
stands of the same species or species with which they can hybridize. If the 
species has a different phenology, crossing will be separated in time. Establish
ment of pollen dilution zones and, especially for wind pollinated species, a 
design with long axis of the orchard with the direction of the prevailing wind 
decreases the risk of pollen contamination. The seed orchard should provide 
optimal conditions for the pollination agent. In case of exotics with very 
specific pollination (e.g. insects, birds or bats) pollination may be restricted due 
to lack or proper pollination agent. 

e. Other site requirements: 
Land tenure 
Possible future land requirement 

The land tenure should be well settled. Establishment of a seed orchard on 
community land may create problems with local community interests since it 
may interfere with possible traditional or alternative land use. Information on 
possible plans for future alternative land use, e.g. roads, buildings, inclusion into 
urban zones, etc. should be obtained to maintain and support longevity of the 
seed orchard. 
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Spacing of the trees in the seed orchard 
The trees in the seed orchard should have wider spacing than those in normal 

plantations. For most species a final spacing, i.e. after rouging, of ~ 10 meter is 
preferred. That corresponds to 100 trees per hectare. The initial spacing should 
be designed with the expected thinning in mind. A planting stock of 800 trees 
per hectare should be used, i.e. a spacing of 2.5 x 5 meter. 

Site preparation and establishment of orchards 
The plants (either vegetatively propagated or seedlings) are vulnerable to 

competition from weeds, to fire, diseases, browsing, termites, etc. during the first 
year of establishment. The better the site is prepared before planting, easier will 
be the future management. 

Clearing 
Left-over woody materials may attract pests, diseases, increase the risk of 

fire and impede mechanical management. The ideal condition is a completely 
cleared area, free from trees, shrubs, stumps and big stones. That will ease the 
access to the area and mechanical operation. If the seed orchard is established on 
forest land, all trees and shrubs should be cut, removed or burned on the site. 

Soil preparation 
Proper soil preparation improves the growth of the trees and promotes their 

competition with other plants. The site should be completely weeded before 
planting, e.g. by ploughing and harrowing. Mechanical cultivation improves 
soil structure, and consequently water holding capacity and draining. A hard
pan impedes draining and it can be broken by deep ploughing or sub-soiling. 

The soil should have optimal acidity and nutrient level for the tree species 
to be planted. Soil tests are carried out prior to planting, lime and fertilizer is 
applied as may be necessary before planting. 

Weed control can be facilitated by proper soil preparation. Germinated seed
lings are then destroyed by mechanical cultivation or by leaf herbicides. Soil 
herbicides can be used for difficult weeds. It should be noted that some soil 
herbicides have a long term effect. Care should be taken that the type will not 
affect the trees or the chemicals will be decomposed before trees are planted. 
In case of e.g. termite problems, insecticides may be applied. The insecticides 
may also be harmful to other soil organisms. Precautions should be taken in 
terms of chemicals used, time and doses applied. 

Establishment of pollen dilution zones 
Cleared areas are established between the seed stand and possible contaminating 

sources. The pollen dilution zone (PDZ) is a zone where trees of the same species 
and species that can hybridize with the species are removed. The wideness 
depends on the species and pollination pattern. The zones also serve as fire-
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breaks. For wind pollinated species a narrow PDZ is desired, usually 200-400 m, 
depending on species and wind exposure. If there is a prevailing wind during 
the pollination period, the width of the PDZ may be diminished from the other 
sides. For insect-pollinated species the width and the vegetation of the PDZ 
depends on the behaviour of the pollinator. Details should be determined for the 
individual species. 

Promotion of pollination 
Promotion of pollination is easiest for wind-pollinated species. Adequate 

spacing is necesary for wind pollination. The effect on insect-pollinated species 
is probably different from species to species according to pollinator, and details 
are poorly known. Promoting pollination by insects by putting up bee hives is 
widely used in fruit orchards and agriculture and some of these may be 
followed for seed orchards. 

Demarcation of plots and rows 
The orchard design is clearly demarcated. Replications, blocks and plots 

should be distinctly demarcated. The corners should be marked with conspicuous 
persistent poles/signs indicating boundaries. The material and way of putting 
up should be such that it will be difficult to be removed or stolen. 

Demarcation of pits and pitting 
Follows the normal silvicultural practices, a final spacing in seed orchards of 

10 meters is reasonable for most species in order to allow free crown develop
ment. Depending on the expected thinning the initial spacing may be 2-6 meters. 

Planting 
Normal silvicultural practices to be followed. Extra care should be taken with 

grafted and budded material, since the grafting or budding site may still be 
vulnerable. Sometimes the root stock is planted in the field before grafting and 
consequently carried out in the field. The planting usually involves several 
clones or families, and it is important that the planting is done according to a 
prescribed plan so that the identity of the individual tree is clear. Following 
measures should be taken in order to avoid confusion/mixing up of the plants: 

• A plan of the orchard design should be used when planting spots are 
demarcated distinctly on the plan with the identity of the plant to be 
planted on the spot (clone/ family-letter / number). 

• The plants (or scions in field grafting) should be distinctly marked and kept 
separately. 

• The plants are marked with a tag when planted. The tag carries the number / 
symbol of the plant similar to that shown in the map. 
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Beating up 
Early replacement of dead seedlings with current species is cruciaL If wilted, 

seedlings or grafted plants are replaced, and care should be taken that the 
replacement will not disturb the orchard design, i.e. plants should be replaced 
with the same clone/family. 

Cover crops 
A temporary legume cover crop may be planted between the trees planted. 

The cover crop is beneficial to the soil and may facilitate weed control and 
diminish erosion. 

Orchard design 
The general requirement in the orchard design is: 

• Minimize selfing 
• Maximize outcrossing and mating of all genotypes 
• Simple and easy establishment and management and 
• Allowing any number of clones or families to fit into the design. 

The two most frequently used designs are complete randomised design and 
randomized complete block design: 

Complete randomized design: All available ramets of all clones or all families 
are randomly distributed. 
Randomized complete blocks: The area is divided into equally sized blocks 
which include one ramet of each clone or one member of each family. The ramets 
or families are located randomized within each block. Randomized complete 
block design is the most frequently used if the design initially serves as a 
progeny test. 

Controlled pollination in seed orchards 
Controlled pollination can be conducted in which case pollen is collected from 

the desired male parent(s) and is applied to the flowers of the female parent(s). 
Controlled pollination may involve emasculation and isolation of the flowers of 
the female parents. If the orchard is designed entirely for hybridization, planting 
of each clone in rows is preferred. 

Silvicultural management of seed orchards 
Special care should be given to the plants during the first year of establishment 

during which they are especially vulnerable. 

Weeding 
The plants should not be effected from weed competition during establish

ment. Complete weeding should be done at least around each plant. Weeds 
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between the plants may be cut or completely removed. If chemical weeding is 
followed, care should be taken in terms of time, weather condition, and doses of 
application. 

Rouging 
Once the result of the progeny test is available, the undesired members or 

ramets are to be cut and removed. 

Thinning and pruning 
In addition to rouging, the trees maybe thinned and the branches systematically 

pruned in order to make an open crown with large flower production, and 
facilitate seed harvest. 

Fertilization and watering 
Water and fertilizer should be applied whenever necessary to give the trees 

optimal growth conditions. Conditions are especially important during flowering 
and fruit development. The amount and type of fertilizer differs from species to 
species. 

Flower induction 
If flowering fails or is unsatisfactory, it may be induced or promoted by (1) 

imposing stress or (2) applying flower inducing hormones during the known 
seasons. 

Imposing stress 
Various stress-imposing methods promote flowering: Water stress can be 

imposed if water availability can be manipulated by artificial watering or 
irrigation. A brief drought during flowering season will usually induce 
flowering. The watering should be continued after flowering. 

Hormone application 
The active hormone in flower differentiation is gibberellin. Artificially 

manufactured versions of the hormone are sold under various trade names. 
Hormones can be applied by spraying flowering branchlets or by applying to 
the branches with cambium exposed. 
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6.0 SETTING UP A MACRO 
PROPAGATION FACILITY 

Macro propagation 

37 

Plants are propagated by two methods: sexual by means of seeds, and 
asexually by vegetative propagation. Both ways are seen in living plants. In 
nature, some plants reproduce mainly vegetatively while in others sexual 
reproduction is most common. The plant breeder benefits by both sexual and 
vegetative reproduction in the tree improvement programme. 

Genetically the two ways of reproduction differ. Seeds contain genes both 
from the female and the male parts, (which contributes the pollen). Vegetative 
material is genetically identical to the mother plant from which the propagating 
material was collected. The present outline entirely deals with vegetative 
propagation. 

There are several methods of vegetative propagation. The three main types 
of forest tree propagation are grafting, air-layering and the use of cuttings. The 
three types are referred to as macro propagation, as alternative to micro pro
pagation or tissue culture. Propagation by cuttings is the most convenient and 
cheapest method and usually preferred when possible. Air-layering is a variation 
of propagation by stem cuttings in which root formation is initiated before the 
plant part is separated from the mother tree. In grafting, the shoot (scion) of the 
desired tree is joined with a (rootstock) plant of different genetic origin. 

Which methods of propagation to be used in a particular situation is a 
matter of experience with the individual tree species plus the purpose and 
conditions of the propagation. The methodologies of vegetative propagation 
should be adapted to the individual plant species. The same method may 
work differently at varying times of the year, and in a different place etc. The 
present guide deals with basic methodologies and concepts, and which the 
field worker may adapt or modify with his own needs according to the 
species and conditions. 

Handling of vegetative propagation material 
The plant part used is sensitive to desiccation and other damages than seeds. 

Special care must be taken during handling. The physiological characteristics of 
the propagation material should be taken into account. Following measures 
should be taken: 

• Material should be kept out of direct sunlight. 
• Material should be taken as close in time and space to the operation as possible. 
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• Long storage should be avoided. If storage is necessary, it should be kept in a 
cool and moist place. 

• Desiccation should be prevented during transport and storage. 
• The materials should be handled carefully so that buds will not be damaged. 
• All flowers and flower buds should be removed from the material. 
• Vegetative material possesses polarity, i.e. physiological difference between 

distal and proximal ends. In vegetative propagules where it is difficult to 
distinguish the two ends, one end should be marked. 

Effect of the origin of the vegetative propagation material 
Although genetically identical, the propagating material may be effected by 

the position it was attached to mother tree from where it was collected, and 
permanently or temporarily continue to show certain variations of origin. For 
example, it may continue to grow like a branch when it is used as scion, cutting 
or air-layer material. The phenomenon is called topophysis or plagiotropic growth. 
Periphysis is another phenomenon where plant material shows certain 
characteristics according to the place of the tree from where it was collected; e.g. 
sun branches or shade branches. Scions for grafting and material for air-layering 
should usually be taken from new shoots of mature trees. For cuttings, hedged 
plants are usually the best source of juvenile material. 

Cutttings 
Cuttings that are separated from the mother tree would form roots and/or 

shoots eventually developing into entire plants. Cuttings can be obtained from 
roots, leaves or stems. Propagation from stem cuttings is the most important 
method in forestry. The age of the tree and branch from where cuttings are 
collected has a very strong effect on rooting. Cuttings taken from young trees 
usually root much better than cuttings from older trees. 

Time of collection 
Most species have distinctive periods during the year when the stem cuttings 

root best. The period varies with species and area. In general, that any time 
when shoot elongation is not taking place, is suitable to obtain the cuttings that 
would root. The best time appears to be about month before leaf flushing. 

Types of stem cuttings 
There are two main types of stem cuttings: 

• Young soft succulent cuttings with leaves (sometimes pruned). 
• Woody or hard cuttings taken from matured trees after the leaves have been 

shed. Tip cuttings possess terminal buds; basal cuttings are without terminal 
buds. 
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Some general characteristics of the two types are mentioned in Table 2 below: 

Table 2. Characteristics of soft and hard cuttings 

Soft cuttings 

Leaves on the lower part removed. 
Those on the upper part retained 
and often pruned. 

Young branchlets. Always tip cuttings. 
Best cuttings have some degree of 
flexibility but, are mature enough to 
break when bent sharply. 

75-125 mm long with two or more 
nodes. 

Basal cut made just below a node 

Hard cuttings 

All leaves are shed or removed 

Young branches. Central and basal 
parts of the shoots (basal cuttings), 
or end of the shoots (tip cuttings). 

10-75 cm long with at least two nodes. 
± 25 mm, diameter. 

Basal cut made just below a node. In basal 
cuttings the top cut is made 15-25 mm above 
the node. 

The cuttings can sometimes be reduced to consist of only a small piece of stem 
with a single leaf and an axillary bud attached, i.e. single node. Such cuttings are 
called nodal cuttings. They are especially useful when the cutting material is 
scarce. 

Environmental conditions during rooting 
Most crucial factor is the water stress since the cuttings may easily desiccate 

until they have formed their own roots. In general, the humidity must be kept 
high during root formation, e.g. by keeping the cuttings under a misting system 
or at least under a cover. Evaporation from soft cuttings can be restricted by 
partial leaf pruning. Cuttings should be rooted under shade. The requirements 
and tolerance in terms of light and temperature etc. varies according to species. 
Cuttings are rooted easily under tunnel or greenhouse conditions, since several 
factors can be manipulated and controlled under these conditions. 

Rooting medium 
Type and medium used for rooting depends on the species and the materials 

available. Following media are used: 

• Water: Can be used for easily rooting species. Its great disadvantage is the lack 
of aeration. Artificial aeration promotes rooting and impedes rotting. 

• Sand: The sand used should be fine enough to retain some moisture around the 
cutting and coarse enough to allow free draining. The sand should be washed 
and sterilized before use. (Seashore sand has a high salt concentration which 
may be toxic to some plants). 
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• Soil: Well aerated sandy loam is preferable. Due to possible presence of root
borne disease, soil may need to be sterilized or treated with pesticides. 

• Peat moss: Used together with other materials in order to increase the water 
holding capacity. 

• Coconut husk: Widely used in humid tropics where it has the same use as 
peat moss. 

• Industrial manufactured material such as Vermiculite, Perlite and Pumice are 
used separately or in combination with some other rooting media. Their 
advantage is their lightness, cleanness and high water holding capacity. (pH of 
the rooting medium may be criticaL Care should be taken when using a rooting 
medium with non-neutral pH). 

Root setting hormones 

In some species root formation can be promoted by pretreatment with root 
setting hormones (RSH) before they are inserted in the rooting medium. There 
are three principal ways of application: 

• The chemical is mixed with talcum powder and the slightly moistured bases 
of the cuttings are dipped in the powder so that some powder will adhere. 

• The chemical is diluted in water to a concentration of 20-200 ppm (parts 
per million). The basal part of the cutting is then soaked in the solution 
for about 24 hours. 

• The chemical is dissolved in 50% alcohol at a concentration of 500-10,000 
ppm. The basal part of the cutting is dipped in the solution for 4-5 sec. 

Root setting hormone solution can be prepared as a solution of the active 
chemical {e.g. indolebutyric acid (IBA) or napthaleneacetic acid (NAA) } or it can 
be purchased from forestry or horticulture dealers under various commercial 
names such as IBA, Proportion, Seradix, Rootone, etc. For the specific use of these 
compounds reference is made to the instructions on the labels. 

Certain precautions and tips when applying Root Setting Hormones (RSH) are 
given below: 

• Sometimes a fungicide can be mixed with the RSH. 
• RSH is best absorbed from a new cut surface. If the cuttings have been kept 

or stored for some length of time, a new fresh cut should be made. 
• RSH will deteriorate with time. If a solution has been kept for a long time, its 

effectiveness should be checked before large scale use. 
• Concentration and length of time for absorption are criticaL Some species will 

require only a brief period and only a brief treatment with low concentration, 
whereas others may require prolonged treatment with a more concentrated 
solution. Instructions following the individual packets or boxes give guide
lines on use for various plant species. (Alcohol is toxic to plants. Precaution: 

.. 
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Too long time in a concentrated solution containing alcohol may kill the 
cuttings.) 

• RSH can deteriorate with long time uses. Use only small portion of RSH in a 
container at the time and then refilL 

• For rational application, dip a number of cuttings at the same time, not one 
by one. 

Air Layering 

Grafting Tape or String 
Using the stretching tape avoids girdling. Adhesive tape is more convenient 

than non-adhesive tape since it does not need tying. The adhesive material 
should not be non-water soluble. Waxed string is convenient since it will adhere 
to itself and the plant part without tying. It should be strong enough to hold 
the grafted parts together, yet weak enough to be separated by hands. Non
stretching wrapping material needs to be removed in order to avoid girdling. 
Strips of plastic polyethylene or PVC about 30 cm long and 10-15 mm broad can 
be home made and be used as non-adhesive tape. These materials are lightly 
elastic but must be eventually removed. 

Girdling 
A ring of bark, about 20-35 mm long is cut from a young branchlet. The 

cambium is scraped. 

Wrapping 
Wet moss/spaghnum, coconut fibre or other rooting material is wrapped 

around the girdle. Root hormones may be applied in the rooting medium. 

Isolation 
A plastic cover is tied around the place. Possible additional wrapping with 

aluminum foiL The plant is left to form roots in 1-4 weeks. 

Separation 
The cover is removed when there is good root formation and the branchlet is 

cut off from the mother tree. 

Planting 
The rooted shoot is planted in pots with planting medium and left for further 

root formation until planting out. 

Grafting 
In grafting, a scion from the genotype is united with a stock (rootstock) from 

another plant. The stock is usually a seedling, rarely a rooted cutting or a planted 
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air-layered branch. For a good result of grafting the rootstock as well as the scion 
has to be in good condition and the two parts should be compatible. The best 
time for grafting is 1-2 months before leaf flushing when the scions have dormant 
vegetative buds, i.e. the dry season just before the onset of the wet season; or in 
cool climates, the cool season just before the onset of the warm season (spring). 
At that time the buds are just about to sprout and the level of the plant hormone 
auxin is high. Grafting can be done in the nursery in which case the stock is 
growing in a container. For some species grafting can take place under field 
conditions, provided the graft union is well protected after the grafting. 

Procedures in Grafting Propagation 
Most tools and other accessories used in vegetative propagation can be 

purchased from garden / horticultural dealers. Several types and qualities of 
grafting/budding knives are available. The knives should have an edge of hard 
steel that will keep sharp for a long time. 

The root stock 
Rootstocks are usually grown from seeds. Good material should be used for 

rootstock, i.e. plants with well developed root system and resistance to soil
borne diseases. The seedlings are kept in the nursery longer and are grown to a 
bigger than normal planting size, since they have to fit with the scion. For most 
species the plants will be about 50-70 cm high when grafting takes place. 
Therefore seedlings should be grown in relatively big pots, i.e. at least 10-15 cm 
diameter, depending on species. The rootstock is fit for grafting when the stem is 
about 0.6-1.2 cm diameter at the upper end. The rootstock should be tended 
carefully before and after grafting. 

The scion 
Conditions vary according to species. Following characteristics are 

important: 

• Scions should be taken from the upper part of the tree. 
• Scions should be taken from vigorously growing branches 
• Scion length should be about 15-25 cm. 
• Scion diameter should be according to the size of the stock, i.e. 10-20 mm in 

diameter. 
• Scions should be without flower buds. 
• Scions should have well developed vegetative buds in a dormant stage. 

The scions should be kept moist and cool until the grafting takes place. 
Grafting should be done as soon as possible after collection. 

The cut and joint 
A proper cut requires a very sharp knife with a straight edge. The cut should 

be clean and smooth with no fibres on either side. Except from top cleft grafting, 
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the technique implies fit cuts of stock and scion respectively. A cutting angle of 
20° for splice, whip or wedge graft is suitable. It is important that the cut angle is 
the same in stock and scion since a different angle of two cuts will result in a bend 
junction. 

The size of the scion and the root stock is compared in order to find fit pairs. The 
place of cutting at the root stock can also be adjusted to fit the size of the scion. 
When putting the two parts together they should fit well so that there is very little 
gap or exposed wood or cambium on either side. The two joined parts should 
have maximum cambial contact. If the root stock has a bigger diameter than the 
scion, the joint should fit in one side only. A scion should never have larger 
diameter than the root stock. 

When the two parts are brought together, grafting tape or string is wrapped 
around the joint. The wrapping should be tight and completely cover the joint. It 
serves 3 purposes: 

• It keeps the two parts together in a fixed position until they have grown 
together. 

• It restricts evaporation from the cut. 
• It excludes water, air, and entry of fungi at the joint. 

Sometimes grafting wax or Vaseline is used together with the wrapping 
material in order to help sealing the union.The wax can be a cold type or a hot type. 
The hot type solidifies upon cooling and must be reheated just before use. It is 
important that the hot type wax be at the right temperature when it is used. If 
the wax is boiling, it will injure the plant tissue; if the wax is too cold, it will not 
flow easily into all the crevices in the bark, thus leaving openings for the entrance 
of air, water and fungal spores. The hot type grafting wax can be home-made 
from basic ingredients of beewax, resin and tallow or other fat. The important 
characters of a grafting wax are the following: 

Melting point 
The melting point should be so low that the melted wax will not damage the 

plant tissue but so high that it will not melt when exposed to extreme field 
temperatures. 

Viscosity 
The wax should have a consistency so that it will be thin flowing and applicable 

in a wide temperature range, e.g. 50-70°C. 
There are several techniques on grafting. The various methods are used in 

different plant material and for different purposes. However, often the use is 
according to personal preference of individual nurserymen, some preferring one 
type, others another. 
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The main types used in forest tree breeding are as follows: 

Splice graft 
Useful in grafting small plant material, with a pithy stem or wood that is not 

flexible enough to permit a tight fit when a tongue is made as in the whip graft. 
Not much used in forestry. 

Technique: 
Simple technique that consist of only one slant cut of stock and scion, 

respectively. Useful for top grafting of small plant material, about 6-12 mm in 
diameter. 

Whip graft 
Technique: 
• The first cut is the same as it is in splice graft. A second cut is made starting 

1/3 of the distance from the tip to the base of the first cut on both stock and 
scion. This cut should not just split the grain of the wood but should follow 
along under the first cut, parallel to it. 

• The two parts are pulled apart. 
• The cut of the two parts are slipped together so that the tongues interlock. 

Top cleft and wedge graft 
Top cleft is used for the same type of materials as in splice and whip graft; 

wedge graft is used for bigger materials. 

Technique: 
• The stock is first cut straight and after that a perpendicular cut is made in the 

center of the stump. For bigger material, a wedge is cut at the top of the 
stump. 

• The scion is cut in the form of a wedge (for big material, similar to that of the 
stock). 

• The scion is inserted in the cut made in the stock. In case the stock is of bigger 
diameter, the cambium should fit at one side only. 

• Wrapping and possible waxing. 

Side graft 
The method is used when the diameter of the stock is considerably bigger 

than the diameter of the scion or where top grafting is not applicable. Used for 
broad-leafed evergreen species. 

Technique: 
Various methods; the principle is that the top of the stock is not cut until the two 

grafted pans have united. Two methods are explained below: 
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Veneer graft 
Technique: . 

45 

• A slanting cut is made in the stock which penetrates as far as the xylem and 
the piece is removed. 

• The scion is prepared so that the cut fits into the stock 
• The two parts are joined so that the cambiums fit well (at least at one side). 
• Wrapping and possible waxing. 
• The top of the stock is cut off just above the scion after the two parts have 

united. 

Side-tongue graft 
Technique: 
• A piece of bark or wood approximately one quarter of the stem is cut along 

one side of the stock. 
• A thin downward cut is made forming a thin tongue. 
• A long cut is made at the scion; a second cut is made under the first forming 

a thin tongue as in the rootstock. 
• The scion is slipped into the cut in the stock, the tongues interlocking so that 

the cambium matches at least at one side. 
• Tying and possible waxing 
• The top of the stock is cut off just above the scion after the two parts have 

united. 

Approach Grafting with Water Bottle 
A variation of side grafting used when there are problems with desiccation of 

the scion. Bottle grafting has been used successfully in e.g. Eucalyptus spp. 

Technique: 
• A cut is made on the side to about 1/3 of the diameter of the scion and the 

stock respectively (best where there is a natural bend). 
• The two parts are united so that there is maximum cambial contact 
• Tying and possible waxing. 
• The end of the scion is put in a bottle with water, which is attached to the 

stock. 
• When united, the top of the stock and the end of the scion below the graft 

union is cut. 

It has to be noted that the scions used must be longer than in other grafting 
methods in order to reach the water in the bottle. The water should be changed 
regularly, in order to avoid moulds or algae to grow and the bottle refilled when 
necessary. 
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Graft budding (budding) 
A modified form of grafting in which only a bud is inserted in the rootstock. The 

method is widely used in horticulture but can also be used for forest trees. Graft 
budding may have a preference in the following instances: 

• If grafting material is scarce (only one is used in graft budding). 
• In order to overcome topophysis. 
• In some instances graft incompatibility problems can be overcome by graft 

budding. 

Two general preconditions for budding should be observed: 

• Except from chip-budding, the budding should take place when the plants 
are in active growth and the bark is easily separated from the wood. 

• The inserted bud should be a vegetative bud and not a flower bud. 

Several methods of budding are used. Some of the most common methods 
used are: 

T-budding 
T -budding is used for forest and fruit trees with a diameter of 6-25 mm and with 

a relatively thin and flexible bark that can be lifted. 

Technique: 
• A T form cut is made in the rootstock vertically about 2.5 cm and horizontally 

about one third of the circumference of the rootstock. 
• A slicing cut on the budstick at approximately 2.5 cm under the bud is made 

and the bark containing the bud is peeled up using the knife up to about 2 cm 
above the bud and removed from the bud stick. 

• The bark of the T-formed cut on the rootstock is then opened. The peeled 
piece of bark carrying the bud is inserted into the T-cut by pushing it down
wards under the two flaps of the bark. 

Patch budding 
Patch budding is used for forest and fruit trees which have a relatively thin 

bark. In this case the bud stick should be larger tan 25 mm in diameter while the 
rootstock may be up to 10 cm. The bark should be approximately the same 
thickness. 

Technique: 
• Two parallel horizontal cuts are made on the rootstock, about one third of 

the circumference using a double bladed knife. The two cuts are connected 
at each side by vertical cuts and the patch is removed. 
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• The budstick is cut similar to the rootstock, horizontal with a double bladed 
knife and vertical at each side. The bud patch is then removed. 

• The bud patch is inserted into the patch hole in the rootstock. The patch may 
need to be trimmed at one side in order to make a tight fit. 

In all the types of budding methods, once after the bud has been inserted in the 
rootstock, the union is to be wrapped and sometimes waxed. Care should be taken 
that the bud is not damaged and that the bud is left fully exposed, i.e. not covered 
with wrapping material or wax. When the two parts have united and the bud 
sprouted, the top vegetative part of the rootstock can be cut. 

Care of grafted plants 
• Grafted plants are susceptible to evaporation from the cut until callus has 

deverloped to close the wound. Therefore it should be kept in a humid 
atmosphere until the two parts have grown together. In the nursery they are 
to be kept in a humid atmosphere in a mist house. In the field, the grafted plants 
are to be covered by a plastic bag. 

• After the parts have united, the wrapping material should be removed and the 
plants still kept in the nursery for some more time to harden. 

• Normal nursery practices of watering, root-pruning etc. should be carried out 
until the plants are planted out. 

• Shoots and branches that grow out of the rootstock, i.e. below the grafting point 
should be removed. In order to help in identifying the graft union for a long 
time, the place of union may be painted. 

• If flower develops in the first year or before the vegetative parts have been 
sufficiently developed, it should be removed. 
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7.0 SETTING UP A SEED GENE BANK 

Introduction 
The establishment and operation of a genebank are complex activities, which 

must be carried out in an orderly and efficient way to conserve the genetic 
resources that it holds in care. In view of the responsibilities involved in curating 
these resources, the standard of day-to-day work must be careful and precise. 
There are two major categories of genebanks: 

• Base collections store accessions under adequate conditions for long-term 
storage. They are not used as a routine source for distribution of germplasm 
but as a security against loss. Seeds are removed from base collections at 
infrequent intervals to monitor viability and for regeneration, when seed 
viability drops or when stocks of an accession are no longer available. 

• Active collections store accessions from which seed samples are drawn for 
distribution, regeneration and evaluation of plant characteristics. Storage 
conditions are usually less demanding than those of base collections because 
seeds are stored for shorter periods (medium-term) .. 

Base and active collections are closely linked. All the accessions stored in base 
collections should also be available in active collections. Base and active 
collections need not be located in the same place, although they often are. 
Information about the accessions must flow freely between the two collections. 

Many diverse tasks are involved in conserving germplasm in the best possible 
way. The major activities and procedures involved are the same for both base 
and active collections. They are explained in detail in the following sections: 

1. Sample registration 
ii. Seed cleaning 
iii. Seed moisture content 
iv. Seed drying 
v. Seed viability 
vi. Seed packaging 
vii. Seed storage 
viii. Monitoring accessions 
ix. Distribution of germplasm from active collections 
x. Regeneration of accessions 
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General guidelines 
• Seeds have to be processed as quickly as possible because seeds left around in 

the open may become infested with insects, fungi and others. They will lose 
viability and can easily become mixed. 

• Dry seeds as soon after receipts as possible because drying seeds to low 
moisture content will help to improve their storage life even at room 
temperature. 

• Never place wet seeds in sub-zero temperatures because seeds with moisture 
contents of approximately 16 to 20 percent or more can be damaged during 
freezing which causes loss of viability. 

• Once seeds have been dried, store them in moisture-proof containers because 
the moisture content of seeds will always equilibrate with the relative humidity 
of the surrounding air and dry seeds will absorb moisture again, unless 
properly protected from the air. 

• Treat all accessions separately because different accessions of the same species 
can have different storage characteristics. 

• Keep all the data relating to an accession because the more information 
available about an accession the more useful it will be and information which 
might seem irrelevant at present may become important in the future. 

• Always work in an orderly and precise way. 

Sample registration 
This is the registration of the samples brought into the genebank and 

recording of the identification data in the data files relevant to each seed sample 
or accession is important. Registration is carried out to record the data on each 
sample. Produce inventory lists of samples, which are available for distribution. 
The samples must be registered when they first reach the genebank; even before 
they are processed. If final registration cannot be completed at this time, due 
to the need for tests or checking records, then a temporary number can be assigned 
until such time as the sample is ready for a permanent accession number. 

The best way to register samples is to assign each one a sample accession 
number and record all the data relating to each sample in a set of files. A simple 
method for registration of samples is outlined below: 

Check and record the samples received 
• Arrange the packets containing the seed samples in alphabetical or numeric 

order with identification details and prepare the list of the packets. 
• Check all the packets. 
• If no list was provided or the seeds do not correspond with the list, prepare a 

new list. 
• Acknowledge receipt of the seeds to the donor. 
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Check whether it is duplicate collection 
• Look in the records of passport data. 
• Check the collector's number to see if this sample has already been received at 
the genebank from the same or another source. 

Check the condition of the seeds 
• Open each packet and check. 
• Study whether there is any insect damage, fungal growth, damaged, broken, 

empty or shrivelled seeds. 
• If no phytosanitary certificate accompanies seeds from outside the country 

or there is any doubt about the health of the seeds, contact the quarantine 
officials for advice. 

Decide whether the samples will be kept by the genebank 
• If the seeds are in good condition and are not already included in the genebank, 

each sample should be assigned an accession number. 
• If the seeds are there in the genebank in sufficient quantities, check with the 

curator whether they can be discarded or given to another institution for their 
use. 

• If in doubt assign a temporary number or code to identify the sample until 
further checks can be made. 

• The final decision about whether to keep each sample will be made by the 
curator. If the sample is to be kept, assign an accession number. 

Assign an accession number 
• Check in the data files to determine which was the last accession number used 

for a sample. 
• Give the next accession number to the new addition. 

Enter data into the files 
• For each accession, record all the passport and identification data in file. 
• When data are missing, leave the field blank and try to fill in the data at a later 

date when more information is available. Write to the donor asking for the 
missing data. 

Seed cleaning 
This is the removal of any debris or low quality, infested or infected seeds and 

seeds of different species (weeds) that are foreign to the sample. The cost of 
maintaining an accession in a genebank is high and space is limited. Debris and 
damaged seeds can spread infection. Therefore only good "quality, viable seeds 
should occupy space in the store and damaged or non-viable seeds should be 
destroyed to prevent the spread of infection. Each accession should have a 
minimum number of clean seeds. 
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Seeds should be cleaned immediately after receipt. If the seeds are very moist and 
cleaning is done by machines, it will be necessary to dry the seeds to 12-16% moisture 
content. Seeds donated by other institutions often arrive already cleaned. Cleaning 
should be done in a way that causes the least damage to the sample and do not waste 
good seeds. The following procedures can be used as a guide 

Examine each sample to determine the state of the material 
• Treat each accession separately. 
• Empty the contents of each packet into a labeled tray large enough for the 

material to be spread out. 
• Check whether the seeds are in dry or fleshy fruits and whether seeds 

are separated and cleaned. 

Seeds from dry fruits 
• Check that the seeds are dry enough to be cleaned without damage because 

moist seeds (above 16% moisture content) can be damaged during cleaning. 
• If the samples are very moist, place the container with the fruits in the drying 

room, if available, or in a shady place to dry. 
• When it is predicted that the seed moisture content is in the range of 12 -16%, 

the seeds can be safely cleaned. 
• Clean the seeds from the fruits, preferably by hand. 
• Small threshing machines can be used for some crops, provided that they do 

not damage the seeds. Clean threshing machines between each accession to 
prevent mixing of seeds from different accessions. Mechanical cleaning is of 
less value in multi-crop genebanks. 

• Remove debris from the seeds by the use of gradated sieves. 
• Pieces of debris of a similar weight and size will have to be removed by hand. 
• Separate dry lightweight material from the seeds by winnowing, blowing 

gently on the seeds or by use of a seed blower. 
• Return the cleaned seeds to the tray ready for inspection. 

Seeds from fleshy fruits 
• Some species have fruits which irritate the skin, e.g. members of Solanaceae, 

and gloves should be worn when handling them. 
• Open the fruit using a knife but take care not to cut through the seeds. 
• Extract the seeds from each fruit and place in a tray. 
• Remove any juiCe or flesh adhering to the seeds using clean cold water and a 

small brush to remove tenacious flesh. 
• If mucilage surrounds the seeds and cannot be removed by washing in clean 

water, gently rub the wet seeds with coarse sand and then wash off the sand 
and mucilage in a sieve. It is also possible to dry the seeds and then rub the dry 
mucilage off, but the seeds must be well separated, to prevent them sticking 
together during drying, or on the surface of the tray. 
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• Do not allow seeds to remain in water for too long because they will absorb 
moisture which can induce germination and loose viability when the seeds 
are dried. 

• Dry the seeds in a thin layer, preferably one seed thick, using paper and place 
them in a cool shady place. 

Examine the cleaned seeds for insect and fungal damage 
• If the seeds are infested with insects or infected with fungi, discard the sample 

or clean them properly. 
• It is a general rule that drying seeds to a low moisture content will prevent 

growth of fungi and of insects. 
• Storage at sub-zero temperatures will kill the insects but not fungi. Larvae 

and eggs are more difficult to kilL 
• If seeds are to be stored above 0 DC, place in a freezer for about 7 days to kill 

the insects before continuing with the normal packaging and storage procedures. 

Examine the cleaned seeds for physical damage and empty seeds 
• Spread the seeds on a flat well lit surface of contrasting colour. An illuminated 

table can be used if available. 
• Examine the seeds carefully for physical damage and empty seeds. 
• Discard any visually damaged, shrivelled or empty seeds. 
• Empty seeds may be difficult to detect unless the seeds are dissected or tested 

with special X-ray equipment to determine the percentage of empty seeds 
(Ellis, Hong and Roberts, 1985). 

• Empty seeds are lighter than full ones and can be separated by use of the seed 
blower. 

• Destroy any waste material to prevent the spread of disease or insects to 
other materials 

Testing seed moisture content 
The moisture content is the amount of water in the seed and is usually 

expressed as a percentage on a wet weight basis (where it is expressed as a 
percentage of the fresh weight of the seed). For gene-bank work it is usually 
expressed on a wet weight basis and all determinations and calculations 
should follow this rule. The seed moisture content can be either accurately 
determined experimentally by scientific techniques, or it can be estimated 
approximately from the information available. The determination is destructive 
to the seeds used and in many cases an estimate is sufficient. Determination 
should only be carried out where essentiaL 

Even a small variation in seed moisture content will have a large effect on 
the storage life of the seeds. At least in some cases it is important to know the 
moisture content in order to make a reasonably accurate prediction of the possible 
storage life of each accession. 
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In most cases this means one accurate determination after the drying period, 
so that the moisture content of the stored seeds is known and can be used to make 
better estimate of storage life. 

The methods for determination are modified from those of the International 
Seed Testing Association (ISTA) as recommended by the IBPGR Advisory 
committee on seed storage. Other methods are available and can also be used 
provided that the results give an accurate determination of moisture content and 
are calculated on a wet weight basis, to enable comparisons to be made between 
materials and between genebanks. 

How to estimate seed moisture content 
• Measure the relative humidity of the atmosphere where the seeds have been 

held for the past few days by using an aspirated hygrometer. 
• Measure the mean temperature where the seeds have been held for the past 

few days. 
• If the seeds are from a different environment, they must be allowed to 

equilibrate with the current one before any calculations are made. 

How to determine seed moisture content 
• The total weight of seeds used for moisture content determination should 

be sufficient to make the test accurate and yet not be wasteful of seeds. The 
sample should be fully representative of the accession and a minimum of ten 
seeds should be used to prepare the samples for the test. 

• The ISTA rules for seed testing recommend that two replicates of 4 g of seeds 
are used for the determination of moisture content for official seed testing 
(ISTA,1976b). However, weight of seeds is not appropriate for use in 
genebanks because large numbers of small seeds are needed, unnecessarily 
depleting the accession sample size. 

• The lower the weight of seeds used, more accuracy is required to achieve 
good result. Small samples should be weighed with an analytical balance to 
four decimal places using lightweight dishes, so that the ratio of the weight of 
the seeds and the dish is not too disproportionate. 

a. Modified ISTA low constant temperature oven method 
• If pre-drying is not required, determine the total weight of seeds to be used, 

as determined. 
• If pre-drying is required, weigh out accurately two sub-samples of between 

1-1.5 g of seeds. Pre-dry these samples in a warm dry place overnight and 
record the difference in weight. 

• If grinding is necessary, grind the seeds of each sample, directly before 
weighing, into pieces not larger than 4 mm for legumes and tree seeds and 
0.5 - 1 mm for cereals. 
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• Add approximately 0.5 g of the prepared seeds distributed evenly over 
the base of the dish, replace the cover and accurately weigh the dish and 
cover and write this weight in the notebook. 

• Place the dish in a safe place and continue to do the second replicate and 
additional samples in the same way. 

• When all samples have been weighed into numbered dishes, place each 
dish in the oven at 101-105 cc. 

• Wait for the oven to reach the required temperature and heat the samples 
for 15-17 hours. 

• Remove the dishes from the oven, replace their covers and place in a 
desiccator to cool for 30 to 45 minutes at room temperature. 

• Remove the dishes one by one and weigh each dish and cover and note 
the weight in the notebook. Do not leave the desiccator open during the 
weighings. 

b. Modified ISTA high constant temperature oven method 
• If pre-drying is not required weigh out approximately the total weight of 

seeds to be used. 
• If pre-drying is required, weigh out accurately two sub-samples of between 

1-1.5 g of seeds. Pre-dry these samples in a warm dry place overnight. Weigh 
again, recording all the weights in the notebook. 

• If grinding is necessary, grind the seeds of each sample, directly before 
weighing, into pieces of not larger than 4 mm for tree seeds. 

• Keep the ground seeds in a covered dish and go directly to the weighing. 
• Weigh one clean numbered dish and cover accurately to 4 decimal places 

using an analytical balance. Write the weight in the notebook. 
• Add approximately 0.5 g of the prepared seeds distributed evenly over the 

base of the dish, replace the cover and accurately weigh the dish and cover 
and write this weight in the notebook. 

• Place the dish in a safe place and continue to do the second replicate and 
additional samples in the same way. 

• When all samples have been weighed into numbered dishes, place each dish on 
top of its numbered lid in the oven at 130-133 ac. 

• Wait for the oven to reach this temperature and heat the samples for 1 hour. 
• Remove the dishes from the oven, replace their covers and place in a desiccator 

to cool for 30 to 45 minutes at room temperature. 
• Remove the dishes one by one from the desiccator and weigh each dish 

and cover and record the weight. Do not leave the desiccator open during 
the weighings. 

c. Use the results of the weighing to calculate moisture content 
• Moisture content is calculated on a wet weight basis and expressed to one 

decimal place. 
• Replicates should not by more than 0.2%. 
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• For samples tested without pre-drying use the following formula: 

% Moisture = Weight of fresh seeds - Weight of dry seeds x 100% 
content Weight of fresh seeds 

• For samples which have been pre-dried, use the following formula: 

Final % moisture = SI + S2 - SI x S2 % 
content 100 

= Percentage moisture content from first stage of drying where SI 
and S2 = Percentage moisture content from second stage of drying 

d. Enter the data into the data files 
• If the standard method was used, enter the percentage moisture content of 

each accession into the data file. 
• If the standard method was not used, enter details of the method used to 

determine percentage moisture contents. 

Seed drying 
This fs to reduce the seed moisture content to the recommended levels for 

seed storage, using techniques which will not be detrimental to seed viability. 
Seeds which are dry will retain their viability for longer periods of storage in 
genebanks. It is recommended that, in general, seeds should be dried to between 
3 - 7% moisture content for long-term storage, except in certain cases where it has 
been shown that low moisture content causes problems e.g. soyabean should 
be dried to about 8% moisture content. Drying has an independent effect from 
temperature on viability during storage and adequate drying could prolong 
viability for reasonably long periods without cold storage. 

The drying process should begin soon after the receipt of the seeds to avoid 
unnecessary deterioration. It can take up to several weeks to lower the moisture 
content to the levels required for good storage. Several methods are available for 
drying seeds. Some are more suitable in certain environments and safer for the 
vial;>ility of the seeds than others. Drying seeds in an atmosphere of reduced 
relative humidity is recommended. The lower the humidity the faster the seeds 
will dry to lower their final moisture content. A relative humidity of 10 -15% and 
a temperature of 15 QC are recommended by the IBPGR Advisory Committee 
on Seed Storage: try to obtain these conditions as closely as possible. The 
following methods can be used with safety and the method be chosen depends on 
the equipment available. 
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Prediction of drying period 
If there is no previous experience of drying seeds of a particular species it may 

be necessary to do some experimental work to predict the approximate drying 
period. Seeds dry at an exponential rate until the equilibrium moisture content 
is reached. The rate of drying of different seed lots of the same species will be 
fairly constant when they are dried under the same environmental conditions. 
The length of the drying period can be adjusted in one of two ways: 

a. Prediction of the correct drying period by weight loss 
• Predict the current percentage moisture content and the percentage moisture 

content required for storage. 
• Weigh the seed sample. 
• Use these values to calculate the weight of seeds at the required moisture 

content by using the following formula: 

Final seed 
weight 

= Initial seed x (lOO - Initial % moisture content) 
weight (lOO - Final % moisture content) 

• Weigh the seed sample at regular intervals during the drying period until the 
weight of the seeds has reached this calculated value. 

b. Estimation of drying period from mean drying curves 
• Do not waste valuable seeds for this, but use excess seeds available. 
• Take at least two lots of seeds of the species and place to dry them using the 

method that you will use. 
• Remove a sample of seeds and do an accurate determination of moisture 

content for each seed lot. 
• The mean of the two tests can be used as a guide because other seed lots of the 

same species should dry at a similar rate. 
• Repeat the determination daily and plot a graph of the drying curve (mean 

percentage moisture content against time) for that species under these drying 
conditions. 

• The work can be repeated with seeds of all species which are of interest and 
their drying curves plotted for different conditions. 

Seed drying procedures 
Estimate moisture content and drying period 

• Use the experience and techniques already described to estimate the moisture 
content of the accessions. 
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• Determine the length of drying period required from your previous experience 
of drying seeds of the same species with similar moisture contents. Infor
mation on drying periods can also be found Cromarty, Ellis and Roberts 
(1982). 

Prepare the seeds for drying 
• Place each accession in labelled paper envelopes or cloth bags. 
• Do not put too many seeds in the same bag. One accession can be split into 

several labelled bags to help rapid drying. 

Dry the seeds 
Several methods are available for drying seeds. The safest methods rely on 

leaving the seeds in an environment of low relative humidity and allowing the 
seed moisture content to reach equilibrium with at relatively low temperatures. 
Seeds will equilibrate with the relative humidity at different rates, depending on 
species, seed size and conditions. Seeds dry quickly at first when first placed in 
the room and more slowly as the low moisture contents suitable for storage are 
reached. Two common and safe methods are described here: 

Use of a dehumidifier dryer 
• Use a dehumidifier dryer to dry air in a drying room or other limited areas. 

The change in the humidity of the room will depend on its size, the ambient 
humidity of the area and the efficiency of the dehumidifier. 

• Place the seeds which have been packed in labelled porous bags in the drying 
area. 

• Do not stack the bags too closely and use open racks in a drying room or cabinet 
with a fan on to allow air to circulate. 

• Measure the relative humidity and maximum and minimum temperatures of 
the room daily. 

• Leave the seeds in the drying area until the moisture content reaches the range 
required for storage. 

U se of silica gel 
• Use deep blue silica gel in an enclosed space, such as a desiccator, can or glass 

jar with an airtight seaL 
• Place the silica gel or the seeds in porous bags. 
• Use the weight of silica gel equal to the weight of seeds for rapid drying. 
• Place the silica gel in a desiccator, jar or can along with seeds. When using 

cans or jars, make sure that the silica gel is in close proximity to, but not 
touching the seeds. 

• Place the containers in a room held at approximately 15°C whilst the seeds are 
drying. 
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• Change the silica gel daily or when the colour changes from dee p blue to pale 
blue or pink. 

• Heat the pale blue or pink silica gel in an oven above 100DC until it turns deep 
blue again, when it is ready for re-use. Store in an airtight container. 

• Leave the seeds with fresh changes of silica gel in the container until the 
moisture content is reaches to be in the range required for storage. 

Determine the moisture content accurately 
• When you know, that the seeds are dry enough, remove a sub-sample from 

each accession and carry out a moisture content determination. 
• When the moisture content is between 3 -7% for most species, go to packaging. 

Low moisture contents are detrimental to the viability of the seeds of some 
crops. These seeds should be treated with care and not dried to low moisture 
levels, e.g. soyabean should not be dried below 8% moisture content. 

• If the moisture content is not low enough, continue to dry the seeds for a further 
period as described above. When the moisture content is known to be in the 
correct range for storage, carry out the experimental determination. 

Seed viability 
The viability of the seed accession is a measure of how many seeds are 

alive and germinate under appropriate conditions. It is important to know that 
seeds stored in a genebank will grow to produce plants. Therefore they must 
have a high viability rate at the start and during storage. 

Viability needs to be determined at the start of storage and at regular intervals 
during storage to predict the correct time for regeneration of the accession. The 
viability test takes from a few days to weeks or even months to give an accurate 
results. If possible the results should be available before the seeds are packaged 
and placed in the genebank so that poor quality seeds can be identified and 
regenerated before storage. Where the viability cannot be determined before 
storage, the seeds should be placed into long-term storage to ensure their safety 
whilst awaiting the results of the test. 

The most accurate test of viability is the germination test which is con
ducted under controlled conditions to find out how many seeds will germinate 
and produce normal seedlings that could develop into normal mature plants. 
The IPGRI Advisory Committee on Seed Storage recommends that for the 
initial germination test of species where a reasonable germination technique is 
available, a minimum of two replicates using 200 seeds (lOO seeds per replicate) 
is acceptable, providing that germination is above 90%. If not, a further 2000 
seeds should be tested as before and the overall result for seed viability taken as 
the mean of the two tests. Other biochemical tests are available to test viability. 
These have the advantage of being quicker, but are not as accurate and require 
considerable skill and practice in their implementation and interpretation. 
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Germination testing 

Determine the conditions 
• Use the normal germination test procedure for the species in your genebank. 
• If there is no standard, ask the curator for advice on the best germination test 

conditions to use. 
• Check that the equipment available are suitable to conduct the test. 
• If not, use best possible alternatives available. 
• A fixed sample size germination test using 200 seeds is recommended to 

determine viability at the start of storage. 

Prepare the seeds for the test 
• Take a random sample of seeds from the accession. 
• Count 200 seeds for each test. 
• Divide these seeds into at least two replicates. More replicates of fewer seeds 

in each case can be used to fit into the equipment at your genebank. 
• In order to prevent damage to the seeds from the rapid uptake of water 

(imbibition damage), seeds with a low moisture content should be allowed 
to imbibe water slowly. Any seeds known to be prone to imbibition damage 
should be placed in a humid atmosphere to equilibrate as. a pre-treatment. 
This is especially important for many species of legumes. 

Germination test 
Although several methods are available for germination testing, it is suggested 

that one of the two major methods described here be used because these are 
suitable to most environments and in general give uniform results. 

a. Germination using absorbent paper 

Top of paper method 
• Cut the filter or tissue paper to the size and shape of the dishes. 
• Place a layer of paper in each dish. If the paper is too thin use a double layer. 
• Label the top and bottom of each dish with the accession number, number of 

the replicate and date of the test. 
• Moisten the paper with distilled water. 
• Arrange the seeds in a regular equidistant pattern on the surface of the paper. 
• Add more water as and when required and replace lid. 

Between paper method 
• Cut the filter or tissue paper to a convenient size to hold one replicate of the 

seeds when spaced at regular intervals. If the paper is too thin use a double 
layer. 

• Label each sheet on the outside of the paper at one end with the accession 
number, replicate the test and the date of the start of the test. 

• Moisten the paper with water. 
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• Arrange the seeds at regular intervals on the paper, leaving at least two 
centimeters clear from the edges all round. 

• Cover the seeds with another sheet of paper and fold in the edges to prevent 
the seeds from falling out. 

• Roll the paper loosely towards the end with the label. 
• Place the rolled papers inside ventilated plastic bags or boxes. 
• Keep the paper moist with water. 

b. Germination in sand 
• Pack clean sterile sand into pots or trays with drainage holes at the bottom. 
• Water the sand until it is moist. Do not use excess water. 
• Make holes in a regular equidistant pattern at about the same depth as the size 

of the seeds for each replicate. Ideally, the distance between holes should be 
at least three to five times the seed diameter. 

• Prepare a label with the accession number, date of sowing and replicate of the 
test and place the label in each pot or tray. 

• Fill seeds from each replicate into the holes and cover with sand. 
• Water the sand again to cover the seeds, but do not make it too wet. 
• Place the prepared containers under suitable light and temperature conditions 

specified 
• Keep the substrate moist during the test with water, but do not over-water. 
• Run the test for a sufficient period to determine whether the seeds have 

germinated, or are dead or dormant. A fixed interval can be used based on 
previous experience, but the time taken to germinate will vary among species 
and accessions of the same species. 

Count the germinated seedlings 

a. Germination using absorbent paper 
• Seeds sown on top of paper can be counted either through the transparent 

cover or after removing the cover of the container. For those between paper, 
unroll the paper carefully to avoid tearing the paper or damaging the roots of 
the young seedlings. 

• Count and record the number of normal and abnormal seedlings in each 
replicate. 

• Examples of the types of abnormal seedlings found in different species 
have been described by ISTA (1976b). 

• Once a seed has been counted as germinated, the resulting seedling can be 
discarded. 

• If the seeds are dormant, treat with the appropriate technique to stimulate 
germination as advised by Ellis, Hong and Roberts (1985) and continue the 
test to allow germination. 
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• Arrange the seeds at regular intervals on the paper, leaving at least two 
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b. Germination in sand 
• In this case the number of seedlings emerged from the sand is usually counted 

because early root growth cannot be seen without disrupting the test. 
• Count and record the number of normal and abnormal seedlings emerged in 

each replicate. 
• If any fungal or insect infestation is seen during the germination test, sterilize 

the sand before using it again or change the sand completely. 

The results 
• For each accession, count the total number of seeds germinated in each 

replicate. 
• Check that the results of different replicates are compatible by using tolerance 

tables (Ellis, Hong and Roberts 1985). 
• If the results are compatible, calculate the mean percentage viability of that 

accession from the results of all replicates. 
• If the results are not compatible consult the curator for advice on how to 

proceed. 

Decide whether to repeat the test 
• Consider the mean percentage viability of the accession. 
• If it is above 90%, accept the test as valid and use this value as the true viability. 
• If the result is 90%, or below,repeat the test using another 200 seeds following 

the same procedures. 
• Calculate the mean percentage viability from the results of the two tests and use 

this as the overall test result. 

Record the date into the files 
• If the standard test for the species in the genebank has been conducted 

properly, the percentage viability should be recorded for each accession. 
• If the standard test has not been conducted only a reference to germination 

or the details may be made. 

Seed packing 
This is the packing of a counted or weighed sample of seeds into a container 

which is then hermetically sealed ready for storage. Seeds are packed to prevent 
absorption of moisture from the atmosphere after drying, to keep each accession 
separate and prevent damage to the seeds from insects and diseases. The best 
time to pack the seeds is directly after the moisture content has been determined 
and found to be within the required limits for safe storage. Seeds will always 
show an equilibrium between their moisture content and the relative humidity 
of the environment and therefore, if possible, seeds should be packaged into 
containers and hermetically sealed in the drying room without much delay. 
Different containers and equipment for sealing are available for storage of 
seeds. Storage containers for base collections should be hermetic ally sealed 
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and moisture-proof. Cans, bottles, and laminated aluminum foil containers are 
all acceptable for both base and active collections. The techniques and 
containers used will vary with the type of container and the equipment that 
your genebank is using. The general steps outlined below could be followed: 

Preparing for packging 
• Expose the seeds to the ambient relative humidity for the shortest possible 

time. 
• Record the accession number, date of storage, genus and species. 
• Weigh out or count samples of seeds to fit the containers used in the 

genebank. 
• Fill the labelled containers with the seeds. Add another label inside the 

packet. 
• Seal immediately, so that moisture content will not increase. 
• Note the weight and number of seeds in each packet. 
• Enter the relevant data about each accession into the data file. 
• The data should include number of containers per accession, number and 

weight of seeds per container, type of container (if not standard) and the 
date of packing. 

Check the quality of the containers 
• After sealing, make a visual examination of each container to make sure that 

there is no damage and that the seals do not leak. 
• Any container that is below standard should be replaced immediately. 
• At regular intervals the containers should be checked to see that they remain 

in good condition. It is suggested that this check should be carried out 
routinely once a year and that individual containers should be checked when
ever they are removed from the genebank. 

• If containers are found to have been leaking and the relative humidity of the 
store was not controlled, determine the seed moisture content by using one of 
the methods described earlier. 

• If the moisture content has risen, dry the seeds back to the required moisture 
content leveL 

• Enter the value of the new moisture content into the data files. Make a note that 
the seeds in that container have been held at increased moisture content for a 
limited period and dried again. 

• Check the inventory data file for the descriptor 'date of packing' and make 
a list of any other accessions which were packed in similar containers on the 
same day or one day before or after. 

• Check the containers for any leaks and poor storage conditions and replace 
any that are faulty using the methods described above. 

• Remember that any container removed from the cold store should be allowed 
to warm to room temperature before opening. This may take several hours 
especially with large volumes of seeds. 
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Seed storage 
In a genebank, seed storage under controlled environmental conditions will 

prolong viability of the seeds for long periods. Two types of seed collections 
of genetic resources, namely base collections and active collections. The 
temperature, relative humidity, seed moisture contents, containers and distribut
ion arrangements vary between different centres. After seed maturity, seed 
viability is gradually lost. Therefore sooner the seeds are placed in store the 
better. In practical terms this means that seeds collected in the field should be 
quickly returned to genebanks, processed and placed in store as soon as the 
cleaning, drying and packaging processes are complete. 

The IPGRI Advisory Committee on Seed Storage has recommended that for 
materials showing little morphological variation (genetically homogeneous) 
3000 seeds are acceptable, but 4000 seeds are preferred, to represent each 
accession. For materials showing wide range of morphological variation 
(heterogeneous) an accession should consist of at least 4000 seeds, but 
12000 seeds are preferred. These sample sizes are recommended as number 
of seeds that many genebanks would prefer to work with. Adjustment of 
numbers and weights is possible from the thousand seed weight of any 
accession. 

The conditions which prolong viability during storage have been well defined 
for seeds which are tolerant of desiccation. Storage conditions have been 
recommended by the IPGRI Advisory Committee On Seed Storage. For base 
collections, seeds of between 3-7% moisture content should be stored in sealed 
containers. Sub-zero temperatures are acceptable and -18°C or less is preferred. 
For active collections sealed storage of seeds dried to 7% moisture content or 
less is recommended at temperatures less than 15°C. Unsealed storage is not 
encouraged in tropical areas. 

Check the number of seeds in each accession 
• Weigh the seeds of each accession. 
• Convert the weight of seeds and seed number, using the thousand seed weight 

of each accession for an accurate conversion. an approximate conversion can 
be made on a species basis by using the approximate weight as given 
in Cromarty, Ellis and Roberts (1982). 

• For accessions containing mixtures of genotypes, the sample size should be 
at least 4000 seeds. For genetically uniform accessions, the sample size should 
be at least 3000 seeds. 

• If the sample contains more than the required number of seeds, proceed to 
storage. 

• If the sample contains less than the required number of seeds, either proceed 
directly to regeneration or store the seeds temporarily in the genebank and 
regenerate at the earliest opportunity. 
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Determine where the seeds should be located 
• Check the inventory data file of the genebank to find the next available space 

where a container can be placed. 
• When seeds from the same regeneration cycle of the same accession are stored 

in several containers, keep all the containers of the accession together. 
• Make a list as where each accession is placed. 
• Place the container into the seed store in the listed location. 

Enter the data into the data base 
• Fill in the data on the location and date of storage of each accession and each 

container into the data base. 
• Record the date of the next monitoring test for germination in the file. This 

date will be determined by the curator after considering the viability and 
moisture content of the seeds, storage conditions following IPGRI recom
mendations. 

Monitoring accession 
As previously explained, the viability of the seeds will decrease over time and 

during storage. The number of seeds of each accession held will also decrease as 
seeds are removed for testing and in case of active collections, when seeds are 
distributed. Both viability and seed number must be monitored during storage. 
Seed viability and number of seeds of each accession in the store must always 
be known with reasonable accuracy. Only then can accurate decisions on 
regeneration be made. The number or weight of seeds in store should be 
monitored every time seeds are removed from the genebank. Seeds should 
not be removed if only a few seeds remain. The viability should be monitored 
at regular intervals. This interval will be determined by the curator depending 
on the species, viability of the seeds at the start of storage, moisture content and 
storage conditions. The IPGRI Advisory Committee On Seed Storage recommends 
that seeds stored under the preferred standards in base collections should be 
monitored at least every ten years and that those with either poor storage life or 
poor initial viability in base collections, should be monitored every five years. 
The number or weight of seeds can be monitored automatically by checking in 
the genebank management data file and need not be described further here. 
The viability can be monitored by doing a fixed sample size germination test as 
already described earlier. 

Determine which accessions require monitoring 
• The fact that accessions will be entered into the genebank in an irregular 

pattern, with many being entered at the same time after harvest or a collecting 
mission and few accessions being entered at other times, means that 
monitoring of accessions will also be irregular. 
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• Every week check the genebank management data file to see which accessions 
require monitoring during that week. 

• Prepare a list of all accessions by number, which require monitoring during 
the week. 

• If there are many accessions which require monitoring at the same time, make 
subgroups of about 20 accessions of similar species which can be handled with 
the same technique and monitor them on different days to spread the work. 

• If there are few accessions which require monitoring at the same time, it 
may be more efficient for them to be grouped and the monitoring done once 
a month. 

Prepare the seeds for testing 
• Check each accession number in the management data file to make sure that 

sufficient number of seeds are available for the test. If few seeds are available, 
do not test now because the material will have to be replenished soon. 

• Make a list of each accession number, its location in the seed store and any data 
relating to the methods and conditions used for the germination test. 

• Remove the seed containers from the store and leave at room temperature, 
until the container has warmed up, before opening. 

• Count the number of seeds needed for the test from each accession. Work in 
a dehumidified room, if possible, and close the containers as soon as the seeds 
are removed to prevent the seeds absorbing moisture from the air. 

Germination test 
Two methods are recommended by the IPGRI Advisory Committee on Seed 

Storage: 

a. Fixed sample size germination test 
• Do a fixed sample size germination test using a minimum of 200 seeds sown 

as two replicates of 100 seeds. 
• Calculate the percentage germination from the results of the test. 
• If it is above 90%, acceptthe test as valid and use this value as the true viability. 
• If the result is 90% or below, repeat the test using a further 200 seeds following 

the same procedures. 
• Calculate the mean percentage viability from the results of the two tests and use 

this as the overall test result. 
• Compare the results of this test with the results of the previous tests and 

decid~ whether regeneration is necessary, according to the following criteria: 

• If the percentage germination has decreased to 85 or less, regenerate 
the accession. 

• If the percentage germination is above 85, the curator will decide the 
date for next monitoring test date. 
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b. Sequential germination test 
• A sequential germination test uses the same conditions and techniques as 

already described for the fixed sample size germination test, but uses less 
seeds for each replicate. The replication is done in a sequential way as and 
when necessary and thus not all replicates are tested at the same time. 

• The number of seeds required for each replicate can vary; using more seeds 
more replicates, and more accurate the test. It is recommended that a sample 
should consist of 40 seeds per replicate as a minimum. 

• Do a germination test using the conditions and methods outlined. 
• Count the number of seeds germinated. 
• Compare the results of the test with the number germinated in Table 3, which 

shows the germination test plan for the 85% regeneration standard using a 
sample size of 40 seeds per replicate. 

• Look at the number of seeds tested. 

• If the number of seeds germinated is more than 29 or less, the accession 
will require regeneration. 

• If the number of seeds germinated is more than 29, then the test will 
have to be repeated with another sample of 40 seeds exactly as above. 

• It is important that each sample should be treated the same, so that the 
different samples can be used as replicates. 

• Count the number of seeds germinated in the second test and add this to the 
result of the number of seeds germinated from the first test. 

• Compare the results of the test with the number germinated in Table 3. Look 
at the line with the value equal to the total number of seeds used for all tests 
(80) as shown in the first column. 

• If the number of seeds germinated is 64 or less, then the accession will 
require regeneration. 

• If the number germinated is between 65 and 75, the accession will require 
testing again with another sample of 40 seeds. 

• If the number germinated is above 75, then viability of the accession 
is still above the regeneration standard and the accession does not 
require regeneration. 

• Continue in this way until a definite answer is obtained. Results should 
be expresed as percentage germination. 
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Table 3. Modified sequential germination test plan for 85 percent regeneration 
standard for groups of 40 seeds 

Number of Regenerate if number Repeat test if number Store if number 
seeds tested Germinated is less germinated is between: germinated is more 

than or equals: than or equals: 

40 29 30 - 40 
80 64 65 -75 76 

120 100 101-110 111 
160 135 136 -145 146 
200 170 171 -180 181 
240 205 206 - 215 216 
280 240 241 - 250 251 
320 275 276 - 285 286 
360 310 311- 320 321 
400* 340 341 

*When 400 seeds have been tested, the test can be terminated because enough tests have been done 
to reach a practical decision. 
Source: Ellis, R.H., Roberts, E.H. and Whitehead, J. (1980). A new, more economic and accurate 
approach to monitoring the viability of accessions during storage in seeds banks. PI. Genet. 
Resources NewsI., 41: 3-18. 

Distribution of germplasm from active collections 
This is the supply of seeds from different accessions in response to requests 

from plant breeders and research workers. Seeds are distributed only from active 
collections and not from base collections. 

The purpose of keeping the germplasm safe in the genebank is to use it in plant 
breeding and related activities. It may be distributed for breeding, research, 
characterization and evaluation or for regeneration of fresh seeds of each 
accession. Germplasm is distributed freely from the genebank on request. 
However, considering the high cost of conservation, the curator must feel that 
the request is justified. The seeds should be sent out in such a way that they 
arrive in good condition and suitable for germination. Distribution takes time 
and environmental conditions during transport can be detrimental to seed 
quality. Therefore, it is recommended that seeds should be distributed in sealed 
laminated alumi-num foil packets. 

Decide whether the accession should be distributed 
• Check in the data file to see if seeds are available to distribute in response to 

the request. When the request has been obliged there should remain in store 
a minimum of three times the number of seeds required for one regeneration 
cycle. 

• If there are not enough seeds, do not distribute. Inform the curator to prog
ramme regeneration and to write to the person who has requested the 
seeds to inform them that the accession cannot be supplied until after 
regeneration. 
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Table 3. Modified sequential germination test plan for 85 percent regeneration 
standard for groups of 40 seeds 

Number of Regenerate if number Repeat test if number Store if number 
seeds tested Germinated is less germinated is between: germinated is more 

than or equals: than or equals: 

40 29 30 - 40 
80 64 65 -75 76 

120 100 101-110 111 
160 135 136 -145 146 
200 170 171 -180 181 
240 205 206 - 215 216 
280 240 241 - 250 251 
320 275 276 - 285 286 
360 310 311- 320 321 
400* 340 341 

*When 400 seeds have been tested, the test can be terminated because enough tests have been done 
to reach a practical decision. 
Source: Ellis, R.H., Roberts, E.H. and Whitehead, J. (1980). A new, more economic and accurate 
approach to monitoring the viability of accessions during storage in seeds banks. PI. Genet. 
Resources NewsI., 41: 3-18. 
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Prepare the sample for distribution 
• Remove the container from the genebank 
• Allow the container to warm to room temperature before opening (this may be 

several hours for large container). 
• Write the accession number, genus and species of the seeds on two labels, 

one for the outside and one for inside the seed packet. 
• Work in a dehumidified room, if possible, and close the containers as soon as 

the seeds are removed to prevent the seeds absorbing moisture from the air. 
• Open the container and use a random sampling technique to weigh or count 

the required quantity or number of seeds quickly. It is suggested that about 
50 -100 seeds should be distributed to fill each request. 

• Place the seeds with one label in an aluminum foil packet, seal and attach the 
other label outside. 

• Record the number or weight of seeds removed from each accession. 

Prepare the information list to accompany the seeds 
• Prepare a list of all materials sent and their passport, characterization and 

evaluation data and any relevant genebank management data relating to the 
germination or dormancy behaviour of the seeds of each accession. 

• For overseas requests, obtain a phytosanitary certificate to accompany the 
seeds from the relevant authority. If certification of the seeds is not possible, 
inform the recipient and request him to advice on whether the seeds can be 
accepted in his country without the certificate. 

Despatch the seeds 
• Despatch the seeds by air mail or air freight or by courier service for overseas 

and by the most direct route to the destinations in your country. This will 
avoid delay and damage to the seeds during despatch 

• Send one copy of the list and phytosanitary certificate with the seeds. Also 
send copies of the documents separately to the party. 

Enter the data into the data files 
• Record the relevant data about the shipment and the accessions sent into the 

data file on seed distribution. 
• Record the number or weight of seeds removed from each accession in the 

genebank management data file. 

Regeneration of accessions 
This is the renewal of an accession so that the seeds harvested and added will 

possess the same characteristics as the original population. The most important 
part of conservation of material is that the seeds maintained in the genebank 
should always produce plants which show the representative characteristics of 
the accession. If seed viability begins to decrease, then genetic changes can occur 
in the seeds, thus changing the characteristics of the accession. Therefore renewal 
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of the accession is necessary and must be carried out in the correct way to maintain 
the characteristics of the original population. Regeneration is also necessary when 
the number of seeds of the accession in store falls below a critical level. 

Regeneration is a time consuming and expensive task which allows genetic 
change and the accession is at the risk of pests and diseases during the reproductive 
cycle. Therefore regeneration should be kept to a minimum. It is necessary 
when the seeds of the accession begin to loose viability, when small seed samples 
are entered into the genebank or when seed stocks become low due to distri
bution from active collections. The IPGRI Advisory Committee on Seed Storage 
recommends that for most species an accession should be regenerated when the 
seed viability falls below 85%. Regeneration is also required when the number of 
seeds in an accession falls below the number required to complete 3 regeneration 
cycles for that species. If there is doubt about the condition of the quality of 
seeds, their regeneration must take priority; otherwise the sample may be lost. 
Some very small seed samples may need several cycles of regeneration before 
sufficient seeds are harvested to reach the recommended sample sizes. 

Regeneration is carried out by growing out and harvesting a representative 
sample of seeds from an accession. The techniques used must ensure that the 
seeds produced from regeneration are fully representative of the original 
population. Since species differ in agronomic requirements, breeding systems, 
compatibility and population structure, the techniques used are crop-specific and 
is not be discussed in detail in this manual. It is recommended that curators 
consult with plant breeders and experts on the various crops to identify appro
priate methods for regeneration and that these be incorporated into the gene
bank's regeneration procedures. 

Determine how many accessions can be regenerated in one cycle 
• Seek advice on the techniques and environmental conditions required for 

each species from plant breeders and the curator. 
• Consider the area of the land available for regeneration. 
• Consider the number of plants per plot and their spacing to determine plot size. 
• Consider the area required for isolation and paths between plots. 
• Divide the area of land available by the area of land required for each 

accession, including paths. The nearest low number will decide the number 
of accessions that can be grown in the space available. 

• The curator will consider the workinvolved with the staff available and decide 
how many accessions to handle in each case. 

Decide which accessions to regenerate 
• Make a list of all accessions with the seed viability of less than 85%. 
• Make a list of new accessions which contain less than the recommended 

number of seeds for storage in the genebank. 
• Make a list of all accessions with the number of seeds remaining less than three 

times the number of seeds used for regeneration of that species. 
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• The curator will decide which accessions to receive priority. As a general rule 
first priority should be given to the accessions with the lowest seed viability, 
second priority to any accessions which are required urgently from the list 
and to accessions which are required urgently from the list and lastly to 
accessions with high viability but few seeds. 

• Make a list of the accessions which the curator has decided to regenerate in this 
cycle and a second list of other accessions which are awaiting regeneration in 
the near future. 

• Record the location of each accession in the genebank from the list of those to 
be regenerated. 

Determine where to grow the material 
• Check the passport data to decide which environmental conditions are needed 

for that accession. 
• Check the number of seeds that are available. 
• If few seeds are available and the accession is sensitive to the prevailing 

environment, grow them under controlled conditions or in a glasshouse. 
• If enough seeds are available and the accession is well adapted to the outdoor 

conditions, then grow them in the field. 

Prepare the planting plan 
• Draw a scale map of the area to be used. 
• Mark this plan off into plots of the correct size for each species, allowing room 

for isolation blocks, inter-planting of species and paths for access. 
• Fill in the accession numbers from the list already prepared into the appropriate 

plots, taking into account of any isolation distances, species and maturity 
differences necessary to prevent crossing of plants in between plots. 

Prepare the seeds for planting 
• Remove the container from the genebank. 
• Allow the container to warm to room temperature before opening. This may 

be several hours for large container. 
• Write the accession number and name of the seeds on the outside of the packet. 
• Open the container and quickly weigh or count the required number of seeds 

already decided as being appropriate for the regeneration of accessions of that 
species, but do not use more than half ofthe seeds which are available from that 
accession. Work in a dehumidified room, if possible and close the containers 
as soon as the seeds are removed to prevent the seeds absorbing moisture from 
the air. 

• Place the seeds in the labelled paper packet and seal. 
• Record the number or weight of seeds removed from each accessions. 
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Proceed with the regeneration 
• Follow the planting plan using techniques outlined by the breeders and 

curator to ensure that regeneration is done well and no crossing occurs 
between accession. 

Harvest the new seeds 
• Harvest each accession separately when the seeds are fully mature. 
• Mix the same weight of seeds from all the plants of one accession to minimize 

maternal effects and still keep as much variation as possible within the sample. 
Make sure that population samples are not divided and keep the accession 
complete. 

Process the seeds and enter new seeds into the genebank 
• Carry out seed cleaning and measure the weight or number of true seeds 

harvested. 
• Do not mix the seeds from the different regeneration cycles. 
• Use the seeds from earlier regeneration cycles to supply seed requests. 
• Regeneration may need to be carried out several times to reach the recommended 

sample size for genebanks. 
• Use the other half of the original sample for the second regeneration and 

representative samples from these two for further regeneration. 

Enter the data into the data files 
• Enter all inventory data referring to the new seeds into the appropriate data 

files. 
• Characterization can also be carried out during regeneration and this type of 

data should also be properly recorded. 
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8.0 SETTING UP OF IN VITRO 
STORAGE FACILITY 

This chapter details the methods involved in setting up the tissue culture of 
plant species and the subsequent in vitro clonal propagation of plantlets derived 
from meristem-tips. 

Materials and equipment 

Plant material 
Either sprouted storage or rooted shoots from established plants can be used 

as sources of buds for meristem-tip culture. Glasshouse or growth chamber 
facilities are necessary for the maintenance of parent material. Clean, sterile sand 
provides a good sprouting medium for cuttings or sterilized seeds and the buds 
produced from these are relatively free of micro-organisms. 

Culture media 
The basic nutrient solution of Murashige and 5koog (1962) (M & 5) is very 

suitable for many of the plant meristem cultures (Table 4). M &5 salts can be 
purchased in premeasured packages from many tissue culture suppliers. Table 
5 lists additional compounds used in the media at various stages of culture. 

Media preparation area 
Any suitably equipped laboratory space can serve as a media preparation area. 

Essential equipment includes a pH meter, an autoclave or pressure cooker, a hot 
plate (or steam bath), a metering device to measure out small amounts of hot 
medium (a spring-loaded syringe will suffice) and a refrigerator in which to store 
prepared media. Glassware should include an assortment of beakers, Erlenmeyer 
flasks, graduated cylinders, volumetric flasks, pipettes and storage bottles. Vials 
(25 mm x 100 mm) with polyethylene caps are very suitable, culture tubes, although 
many types of containers can be used successfully, including discarded medical 
vials, as long as they can withstand autoclaving. 

A source of distilled water is essential and a source of deionized water is very 
useful. Apparently unidentifiable problems with meristem culture, particularly 
the unrepeatability of results, may often be traceable to impurities in the water 
used. 
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Culture preparation area 
The maintenance of aseptic conditions is the most important factor to consider 

when setting up a culture preparation area. Ideally, the inoculation area should 
be under a laminar air-flow hood. However, a small covered inoculation hood or 
even a small isolated room in which air movement can be kept to a minimum, and 
which can be kept scrupulously clean condition may be adequate. 

Equipment and supplies needed for the culture preparation area include 
ethanol, commercial bleach (containing sodium hypochlorite), a gas burner or 
an alcohol lamp, a dissecting microscope and an assortment of dissecting instru
ments. The latter should include laboratory scalpels with a supply of removable 
blades (straight. sharp-tipped), fine-tipped forceps, and fine-tipped dissecting 
needles. Some researchers have also reported that a lens knife or micro-scalpel 
made from a piece of razor blade glued to the end of a small wooden or glass 
handle makes an effective tool for the removal of meristems (Mori 1971). 

Table 4. Composition of Murashige and Skoog (1962) 
basic salt solution (M&S) 

Major salts Minor salts 

Salt mg/1 Salt 

NH
4
N0

3 
1,650 H3B03 

KN03 
1,900 MnS0

4
.4Hp 

CaCI2·2Hp 440 ZnS04.4Hp 
MgS04·7HP 370 KI 
KH2P0

4 
170 Na2Mo04·2H2O 

Na2EDTA 37.3 CuS04.5HP 
FeS04·7Hp 27.8 CoCI2·6Hp 

Table 5. Organic additives in meristem culture media 

Organic components 

Sucrose 
Thiamine 
Myo-inositol 
Na

2
EDTN 

Alpha - napthalene acetic acid (NAA) 
6 - benzyl-amino purine (BAP) 
Agar2 

mg/l 

50,000.00 
2.00 

100.00 
37.30 

0.03 
0.30 

7,000.00 

mg/1 

6.2 
22.3 
8.6 

0.83 
0.25 
0.025 
0.025 

lEDTA in excess of the concentration found in M&S salts is added to chelate 
all free iron. This prevents iron precipitation of phosphates with consequent 
fluctuations in pH. 

2 Agar should be of high quality preferably of a grade prepared specifically for 
tissue culture work. 
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• Remove the underlying leaf primordia by inserting the tip of the scalpel into 
the base of each primordium and flicking the tip of the scalpel away from the 
stem axis. 

• At this point, the apical dome should be visible, flanked by two or three of 
the youngest leaf primordia. Removal of these primordia is difficult 
without damaging the fragile apical dome, and extreme care must be taken. 
Their removal can be accomplished by scraping them off with the cutting 
edge or back edge of the scalpel blade. It is important that all leaf primordia 
are removed and only the apical dome (0.1 mm in depth) excised in order to 
increase the probability of obtaining plants free of viruses. 

• The second scalpel should be reserved for removal of the apical dome after 
the dissection process has been completed. This requires a sharp blade that 
is free from viruses and micro-organisms that may have survived the dis
infection process. Hold the stem so that the apical dome can be seen in 
profile and using the second scalpel make a slicing cut at the base of the 
dome. The cut should penetrate about halfway through the tissue beneath 
the dome and then by using a lifting motion the dome should separate from 
the supporting tissue and adhere to the blade. Sometimes a second cut is 
needed beneath the opposite side of the dome to complete removal. The 
excised dome is then quickly transferred to the culture tube. The dome will 
just be visible to the naked eye, and care must be taken to ensure that it is 
placed on the surface of the medium rather than adhering to the tip of the 
scalpel. 

It should be noted that once the dissection procedure progresses to the point 
of exposing the apical dome, the meristem begins to lose water rapidly. Once the 
dome becomes dehydrated it is difficult to remove and it seldom survives. 
Consequently, the final steps in the excision process must be completed rapidly. 

The importance of maintaining sterility of the dissection instruments cannot 
be over emphasized. Keep them in 7S% ethanol when not being used and always 
flame them before use. Keep one scalpel strictly for use for the final removal of 
the apical dome. It is absolutely essential to use a clean sharp scalpel for this stage. 
It is advisable to practice the excision procedure before actually inoculating the 
regular material. Sterilisation methods need not be followed while practicing 
the isolation technique to excise shoot tips or meristem tips. 

Incubation of cultures 
Following excision and inoculation, the cultures should be placed on a bench 

under a controlled lighting and temperature regime. Incubation conditions have 
been discussed in detail earlier. 

Culture maintenance and plantlet production 
One week after excision, the meristem-tip cultures should be inspected under 

the dissection microscope and contaminated and dead cultures discarded. If 
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contamination exceeds 5-10%, the disinfection and excision procedures should 
be reviewed. Normally, 25-40% of the cultures can be expected to die as a result 
of dissection damage and/ or too small a size of the explant. Dead cultures can be 
recognized by their black appearance and lack of growth. 

The usual sequence of events preceding regeneration is (1) swelling of the 
meristem-tip, (2) callus production, (3) shoot development and, finally (4) root 
development. This sequence can take from 1-4 months. However, nutrient 
deficiency, medium dehydration and accumulation of secondary metabolites 
may cause the growth of meristems to slow down after 4-6 weeks. Consequently, 
it is necessary to transfer the meristems to fresh medium at intervals of no more 
than 4 weeks. 

The meristem-tips are maintained on the Excision and Induction Medium until 
the first signs of shoot development appear. They are then transferred immediately 
to Regeneration Medium. 

Growth regulators, as in Induction and regeneration medium, must 
apparently be present to induce shoot production but, following the induction 
step, the presence of exogenous growth regulators especially Benzyl Amino 
Purine (BAP) slows down further growth. Cultures transferred from excision 
and induction medium to regeneration medium whilst still at the callus stage 
will often produce shoots within a few days. However, because it is impossible 
to observe the induction process without sacrificing the culture, transfer to 
regeneration medium must await the appearance of a visible shoot. Normal root 
development follows the development of a normal shoot regardless of whether 
growth regulators are present or not, but regeneration medium is very suitable 
for root production. 

The average time needed to regenerate plantlets from meristems varies 
widely with species, explant size and culture conditions. When the original 
explant is a 0.1 mm apical dome, the explant should not be expected to grow 
before 5 weeks have elapsed. In some species it may take 3--4 months before 
the first sign of growth. 

In vitro propagation of plantlets 
It is important to maintain the plantlets regenerated from meristem-tip 

cultures while virus indexing is being carried out in order to prevent reinfection. 
This can be accomplished by taking several single node cuttings from a 
regenerated plantlet. The cuttings are placed on regeneration medium and 
allowed to develop into plantlets under the same environmental conditions as 
used for the original cultures. Some of the plantlets can then be taken out of 
culture, established in soil and used for virus indexing. The remaining plantlets 
are maintained in culture by repeating the nodal propagation system as often as 
necessary. Following virus indexing, the plantlets remaining in culture can serve 
as a source of stock plant material for provision of material for shipment to 
other laboratories or germplasm repositories. The same procedure may be used 
to multiply valuable clones and provide stocks for in vitro storage of germplasm . 
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In vitro establishment of plantlets 
Regenerated plantlets are ready to be established in the soil when they have 

two or three leaves and at least one or two strong roots. As indicated earlier, a 
1:1 sand: soil (volume:volume) mixture is the best planting medium. Avoid soil 
mixtures with high peat content, since they often lead to slower growth and a 
higher death rate (Alconero et al. 1975). The soil mixture should be sterilized. 
The following procedure utilizes the improvised planting containers described 
earlier 

Place a piece of filter paper or paper towel in the bottom of the pot cup to 
prevent the sand mixture from leaking out. Fill the cup with the sterile soil 
mixture and wet thoroughly. Remove the plantlet from the culture tube and 
transplant into the cup, making sure that the roots extend well into the soil. It may 
be beneficial to rinse away adhering agar. As an alternative to using sterilized 
soil, the roots may be dipped in a fungicide and then planted into non-sterile soil. 

After transplanting, water the'plantlet well to ensure that the soil mixture 
makes good contact with the roots. Be careful not to allow the soil to cover the 
growing point. Finally, place the clear covering cup over each plantlet to prevent 
dehydration. Place the plantlets in a shaded glasshouse or growth chamber. Do 
not expose them to direct sunlight until the hardening process, described in the 
next paragraph, has been completed. 

Hardening of the plantlets 
Approximately 1 week after transplanting, prop the plastic covering cup part 

way open to reduce the internal humidity and allow further acclimatization. Two 
weeks after transplanting, the covers can be removed entirely and the plantlets 
exposed to full sunlight. Ensure that the soil always remains moist. It may also 
be beneficial to apply a dilute solution of water-soluble fertilizer at the time the 
cover is removed. Within a month of removing the plantlets from culture, they 
should be big enough to transplant into larger pots or into the field. 

In vitro conservation 
Two approaches are available for the storage of in vitro cultures: slow growth, 

appropriate for medium-term storage in the in vitro active genebank (IV AG); and 
cryopreservation in liquid nitrogen for long-term storage in the in vitro base 
genebank (IVBG), IBPGR, 1986 

Slow growth 
Shoot-cultures of plant species appear to be amenable to growth-limiting 

treatments. According to published reports (IITA 1981, Jarretet al. 1986, Ng and 
Hahn, 1985; Wheelans and Withers, 1984) and the unpublished work of a number 
of authors, a consistently successful treatment is to culture in the presence of 
mannitol at approximately 3% and reduce the growth temperature to 16°C or 
18°C. A higher level of mannitol may be effective in reducing growth at the 
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normal incubation temperature, thus allowing cultures to be maintained along
side those in normal growth. Culture at 18 cC in the presence of the growth 
retardant 'Alar' (40 mg/l) and under low light (reduced from 3 Klux to 1 Klux) 
has also been found to be satisfactory. Other modifications to the culture 
medium (reduction in the concentration of salts or sucrose; addition of abscisic 
acid) may be worth testing. 

Storage in slow growth for up to 2 years appears to be feasible (e.g. Ng and 
Hahn, 1985) but cultures should be checked for contamination or necrosis at 
frequent intervals, discarding or transferring as necessary. Experience with other 
species indicates that a brief period at the normal culture temperature is 
advisable to re-establish growth after transfer. 

Setting up a cryopreservation facility 

Cryopreservation 
Cryopreservation is the non-lethal storage of biological tissues at ultra-low 

temperatures. Protocols may be categorized by freezing method (controlled or 
ultra-rapid) and further defined by application (Le. to cells, meristems, embryos, 
callus). it is now possible to combine several cryopreservation techniques and 
apply them to a wide-range of plant systems. Cryopreservation comprises many 
steps, of which freezing is only one; successful recovery is dependent on the 
combined effects of cryogenics and pre and post-freeze treatments. 

Choice of plant material and pre-culture 
Tissues must be selected from healthy plants and in the case of in vitro material, 

culture parameters should be optimized before cryopreservation. Uniform 
suspensions composed of small groups of cytoplastic, meristematic cells are 
more suitable than vacuolated cells which have a high water content. The duration 
of pre-freeze culture and light regimes may affect shoot-tip recovery. Similarly, 
developmental and physiological factors are important determinants of recovery 
in embryo freezing. 

Pre-growth 
Pre-growth refers to treatments which do not protect plant tissues against 

exposure to liquid nitrogen, but which, in combination with other cryoprotective 
treatments, have the capacity to improve recovery. Pre-growth may also involve 
cold hardening treatments or the application of additives, known to enhance plant 
stress tolerance (e.g. proline, trehalose, abscisic acid). Partial tissue dehydration 
can be achieved by the application of osmotically active compounds. The addition 
of relatively low (e.g. 1-5%) concentrations of dimethylsulfoxide (DMSO) during 
pre-growth often improves shoot-tip recovery. 
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Cryoprotective treatments - terminologies 

Chemical cryoprotection 
Cryoprotectants are categorized as penetrating or non-penetrating. The former 

exert protective effects through colligative action. Thus, the potential toxic 
effect of freeze-induced solute concentration is reduced. The protective action of 
non-penetrating cryoprotectants is largely by osmotic dehydration. Other 
cryoprotective properties include the ability to alter bio-chemical and structural 
properties of membranes and 'thereby enhance freeze tolerance. 

Vitrification 
A voidance of ice formation in biological tissues exposed to low and ultra-low 

temperatures reduces damage. This can be achieved through vitrification a 
process in which ice formation cannot take place because the aqueous solution is 
too concentrated to permit ice crystal nucleation. Instead, water solidifies into an 
amorphous' glassy' state. In cryopreservation, vitrification usually involves the 
application of a highly concentrated solution of osmotically active compounds, 
many of which are used as 'traditional' cryoprotectants or pre-growth additives 
at lower concentrations. Although vitrification circumvents ice formation, the 
amorphous state is metastable and the transfer of vitrified materials between 
different temperatures (e.g. during warming) can lead to crystallization. Care 
must be taken in the application of vitrification, 'cocktails' which become toxic on 
prolonged exposure. Furthermore, damaging osmotic effects may also occur on 
their removal. 

Cryoprotective dehydration 
If cells are sufficiently dehydrated they may be able to withstand immersion 

in liquid nitrogen without further application of traditional cryoprotectant 
mixtures. Dehydration can be achieved by growth in the presence of high 
concentrations of osmotically active compounds (sugars, polyols) and/ or air 
desiccation in a sterile flow cabinet or over silica gel. Dehydration reduces the 
amount of water available because of ice formation. If sufficiently dehydrated 
cellular solute concentrations are high enough to promote vitrification. 

Encapsulation and dehydration 
This involves the encapsulation of tissues in calcium alginate beads which are 

grown in liquid culture media containing high concentrations of sucrose. The 
beads are transferred to a sterile air flow in a laminar cabinet and desiccated 
further. After these treatments the tissues are able to withstand exposure to liquid 
nitrogen without the application of chemical cryoprotectants. 
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Freezing and storage 
The means by which tissues are transferred from normal temperatures to 

ultra-low temperatures can be an important factor in post-freeze survivaL 
Samples may be directly plunged into liquid nitrogen (rapid freezing), or 
progressively chilled at a controlled rate to an intermediate temperature. On 
reaching this temperature the tissue may be transferred directly to liquid 
nitrogen, or held for a set time before transfer. In some cases it may be necessary 
to control the point at which external ice occurs. This event is termed ice 
nucleation or seeding and describes the process in which a molecule, particle, or 
vessel wall provides a surface for crystal growth. Water can be supercooled 
below 0 QCi the degree of supercooling is dependent upon the prevention of ice 
nucleation. The state of phase transition produces an exotherm (thermal heat of 
crystallization) evidenced as a few degrees increase in temperature. Without 
external intervention the initiation of ice crystals is a relatively random process 
and this is termed heterogeneous nucleation. However, it is possible to initiate 
external ice nucleation by rapidly touching the outside of the vessel with chilled 
instruments or by agitation. On external ice nucleation, there exists a vapour 
pressure deficit between the inside and outside of the celL Water leaves the cell 
and, as a result, protective dehydration occurs. Thus, the ice nucleation 
characteristics of a system may be an important factor in post-freeze survivaL 
Samples are maintained in storage containers and levels of liquid nitrogen must 
be regularly monitored and replenished as required. 

Thawing 
The temperature and rate at which tissues are thawed is dependent on the 

freezing method. Thawing is particularly critical in vitrified tissues as ice 
crystallization can occur during the process. In conventional freezing methods, 
thawing is usually achieved by plunging the cryovials into sterile water main
tained at 40-45 QC. Once all the ice has melted the samples are removed. Tissues 
which have been frozen by encapsulation and/ or dehydration are frequently 
thawed at ambient temperatures. Vitrified and excessively dehydrated tissues 
may require a sequential lowering of media osmotica during thawing and for 
early recovery. 

Recovery 
Post-thaw recovery comprises several stages: assessments of viability and cell 

division, morphological changes (leaf expansion, callusing, embryo development), 
regeneration of shoots, roots and plants and resumption of metabolite production. 
In case of organized structures, recovery is frequently induced by the application 
of hormones. 

Cryopreservation equipment 
Simple freezing chambers utilizing a cooled solvent system may be used. 

However, a typical, modern programmable freezer comprises a liquid nitrogen 
cooled sample chamber, to which nitrogen is pumped from an accessory dewar 
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or storage tank. Cooling rates, holding times and terminal transfer temperatures 
are programmed, and chamber and sample temperatures are monitored by 
thermocouples. Models can be purchased from several companies (Planar UK, 
Cryomed USA, L' Air Liquide, France). 

The following equipment are needed to carry out Cryopreservation Storage: 

• a reliable source of liquid nitrogen 
• safety equipment (gloves, apron, face shield, pumps for dispensing liquid 

nitrogen from and to large storage dewars, trolleys for the transport of 
dewars) 

• small (1-2 litre) liquid nitrogen resistant dewar(s) 
• dewar(s) for the routine storage of liquid nitrogen 
• dewar(s) for the long-term storage of specimens these may be equipped 

with an alarm system which is activated if the liquid nitrogen level falls below 
a critical level 

• cryovials, straws, boxes, canes, racks 
• a domestic refrigerator (-20 DC) 
• a programmable freezer with dewar and pump 
• a water-bath for thawing at 40-50 DC 

Cryopreservation strategy 
Before applying cryopservation to a new system it is essential to have a 

strategy which will progressively examine the effects of different parameters. 
Thus, while investigating a routine method, it may be necessary to develop new 
methods or optimize standard protocols for specific plant species and/ or tissue 
types. Some tissues or species may be particularly sensitive to a cryoprotectant 
or to the prolonged exposure to a vitrification' cocktail'. Similarly, tissues are only 
to withstand a certain level of cryoprotective dehydration. Thus, it is important 
to perform 'unfrozen control' experiments for additives or procedures used in 
pre-growth, dehydration, cryoprotection, vitrification, encapsulation, and 
recovery. Once any possible deleterious additive or pre-growth effects have been 
discounted, it is possible to proceed to the freezing part of the method. Two 
options may be considered, rapid freezing or controlled rate cooling. Choice will 
be dependent upon the protocol and tissue system, whether it is possible to freeze 
directly or by controlled cooling and the availability of specialized freezing 
equipment. A strategy for developing a controlled cooling protocol would, for 
example, involve testing cooling rates and transfer temperatures. Tissue recovery 
after cryopreservation is related to in vitro manipulations and / or the physiological 
and developmental status of the tissues. These factors are critical, and their 
importance in determining post thaw survival cannot be over stressed. 

Protocols for development 
The following protocol offers an example which may be used for a range of 

different tissues. Treatment can also include cold-hardening strategies which 
are frequently linked to seasonal factors such as dormancy. Because of the 
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to perform 'unfrozen control' experiments for additives or procedures used in 
pre-growth, dehydration, cryoprotection, vitrification, encapsulation, and 
recovery. Once any possible deleterious additive or pre-growth effects have been 
discounted, it is possible to proceed to the freezing part of the method. Two 
options may be considered, rapid freezing or controlled rate cooling. Choice will 
be dependent upon the protocol and tissue system, whether it is possible to freeze 
directly or by controlled cooling and the availability of specialized freezing 
equipment. A strategy for developing a controlled cooling protocol would, for 
example, involve testing cooling rates and transfer temperatures. Tissue recovery 
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specific nature of cold hardening treatments no one general method is presently 
available. 

Pre-growth 

Protocol 1 - Optimization of pre-growth regimes 
• Prepare standard liquid or semi-solid medium and add one or more of 

mannitol, sucrose, proline, sorbitol, trehalose, or glucose in a range of 
O.3-0.5M. 

• Culture tissues with the additives for one to five days 
• At daily intervals, return tissues to standard growth. 
• Determine survival rate for each treatment. 

In developing a pregrowth method for shoot tips it is essential to standardize 
the donor material as variation in response to freezing is a major problem in 
shoot tip cryopreservation. Dissection injury can often be a significant deter
minant of post-freeze survival, particularly if the shoot tips are frozen directly 
after excision. 

Protocol 2 - Shoot tip dissection 
• Select apical shoots at the developmental age or cultures of the same 

subculture age. For rapidly growing cultures, nodal sections can be cultured 
for five to ten days (depending on species) and the developing axillary bud 
used for cryopreservation. 

• Remove the shoot-tip and place on sterile filter paper under a binocular 
microscope. With the aid of two fine gauge hypodermic needles (fitted to a 
syringe), gently dissect away any fully expanded leaves and cut the shoot
tip to a size of 0.3-0.5 mm (depending on species). Retain three or four non
expanded leaf primordia on each shoot tip. It may be necessary to optimize 
both shoot tip size and the period required for recovery. 

• Immediately after dissection place the shoo tip on to a filter paper bridge 
moistened with standard liquid culture medium. The application of 0.5-5% 
(v Iv) DMSO at this stage may enhance survival. 

• Leave them in culture for one to three days before cryopreservation. 

Chemical cryoprotection 
There is a wide-range of cryoprotectants. Protocol 3 describes two routine 

mixtures and procedures for assessing their optimum rate and temperature 
needs. 

Protocol 3 - Cryoprotection of cell and callus cultures 
• Prepare one of the following cryoprotectants in standard liquid culture 

medium: 
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• A range of cryoprotective dehydration liquid culture (see Protocol 5) 
• Dehydrate the beads in liquid culture for short (2-16 h) and long-term 

periods (one to five days) 
• At appropriate time intervals remove replicate samples from each treatment; 

place one replicate on to standard semi-solid medium. 
• Transfer the remaining replicates to open Petri dishes in a sterile laminar air 

flow (see Protocol 6), air dry for 1-4 h, and at each time interval transfer to 
standard semi solid medium. 

• Determine levels of survival for each stage and select the treatment which 
gives maximum survival with maximum dehydration. 

Vitrification 
Vitrification solutions are potentially very toxic, and critical factors include 

the cold acclimation of tissues before vitrification, the temperature of application 
of vitrification solution, and the duration of exposure. There have been several 
successful reports of vitrification. Sakai et al. (1990) formulated 'PVS2' vitrifition 
solution which has proved applicable to a range of systems. 

Protocol 8 - Application of cryoprotective 'PVS2' vitrification solution 
• Prepare the following solutions: 

• 'PVS2' stock solution: 30% (w Iv) glycerol + 15% (w Iv) ethylene glycol 
+ 15% (w Iv) DMSO in standard liquid medium containing 0.15 M 
sucrose 

• (v Iv) 'PVS2' solution in standard liquid medium containing 0.4 M 
sucrose 

•. 'unloading' solution: 1.2 M sucrose in standard liquid medium 
• Add 1.0 m160% (v Iv) 'PVS2' solution to the tissues. 
• Incubate at 25°C for 5-20 min. 
• Remove 60%· solution, replace with 1 ml chilled 100% 'PVS2' and incubate 

tissues in an iced water bath for 3-10 min. 
• Transfer to 25°C and remove excess 'PVS2' solution. 
• Add 1.0 ml unloading solution and change three times. Incubate in unloading 

solution for 5-30 min. 
• Transfer to filter paper overlaid on standard semi solid culture medium. 

On the following day transfer to fresh medium. Evaluate survival for each 
treatment. 

Freezing 
In case of cell suspension cultures, it is often possible to apply the method 

of Withers and King (1980). However, shoot tips often have highly specific 
controlled cooling requirement. Protocol 9 offers one possible regime for 
optimizing controlled cooling, although this is by no means definitive. In the 
case of freeze-recalcitrant tissues the lengthy development of a controlled 
cooling method must be offset by the possibility of using a different approach 
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(e.g. vitrification, encapsulation). If cultures prove consistently difficult to 
freeze by controlled cooling it may be necessary to consider the more complex 
interactive effects of cryoprotection and freezing. 

Protocol 9 - The development of controlled cooling methods for cells 
and organized structures 
• Transfer cryprotected tissues to a number of replicate cryovials. 
• Set the starting temperature of the freezer to 0 DC or 25 DC, depending on the 

temperature of cryoprotection (see Protocols 3 and 4). 
• Programme one of the following cooling rates: -5, -1.0, -0.5, -0.25, -0.1 DC/min. 
• Cool to intermediate transfer temperatures: -0, -10, -15, -20, -25, -30, -40 DC, and 

remove vials(s) as appropriate. 
• Thaw at 45 DC until the ice has melted and transfer the tissues to standard 

semi solid medium. 
• Determine optimum transfer temperature. Repeat under optimum con

ditions, and transfer the tissues to liquid nitrogen. 
• Assess recovery. If the programme was unsuccessful, repeat steps 1 to 6 using 

different cooling rates. Use 'control' samples which have not been exposed 
to liquid nitrogen to indicate intermediate survival. 

• If tissues are still not able to survive exposure to liquid nitrogen test the 
following variables: 
• 'seeding' ice crystallization (Protocoll1)a 
• holdings for 20-40 min at the terminal temperature 
• stepwise cooling (e.g. -lODC/min to -15DC, followed by -O.5DC/ min. to-

40 DC) 

Thawing and recovery 
There are few variables at the thawing stage, the method of development, and 

examples are given in the following section. Recovery regimes are species
specific and influenced by tissue culture methods. Rapid slow thawing is 
generally used as standard protocol. 

Protocol for specific applications 

Chemical cryoprotection and controlled cooling 
Protocol 10 is based on the method of Withers and King (1980), with minor 

modifications added to the recovery procedure. This protocol has proved 
generally successful, but may require considerable modification for difficult 
systems. 

a whilst seedlings have been used to advantage in several systems it is difficult to control 
precisely and this may result in variable recovery responses. 
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Protocol 10 - Cyropreservation of cell cultures 
• Select cell culture, taking into consideration pregrowth factors (see 

Protocol 1). 
• Remove excess culture medium to a known volume and add the ice-chilled 

cryoprotectant (1.0 M DMSO + 1.0 M glycerol + 2.0 M sucrose) in a volume 
ratio of 1:1. 

• Mix the cells thoroughly, cryoprotect on ice for 1 h, and transfer 1-1.75 ml 
aliquots of the cryoprotectant-cell mixture to 2.0 ml cryovials. Load the vials 
on to a cane and transfer to a programmable freezer, pre-chilled to 0 qc. 

• Use the following conditions to initiate the chilling programme: 

• Chillingrate-1°C/min 
• Terminal temperature -35°C 
• Holding time 30 min 

• On completion, quickly transfer the canes to a long-term storage dewar 
containing liquid nitrogen. 

• Transfer vials to a 45°C water bath, and once the ice has melted, pour their 
contents on to several layers of 5.0 cm filter paper in a 9.0 cm Petri dish. 

• Transfer the tissues and the top few layers of filter paper to semi-solid culture 
medium. 

• Check early post thaw viability (see Protocols 20 and 21). 
• After one day, transfer the uppermost layers of filter paper / cells or tissue to 

fresh semi solid medium and continue to transfer on a daily basis (one to four 
days). Transfer cells to fresh medium without filters (five to six days). 

• Initiate liquid suspensions when regrowth is sufficient to permit a normal 
subculture inoculation. 

Protocol 11 - Cryopreservation of shoot tips 
Protocol 11 describes shoot tip preparation followed by a controlled cooling 

method development by Towill, (1993; 1994). This example is cited as both ice 
'seeding' and stepwise programmable freezing are included. However, in 
common with most controlled freezing techniques, it is not generally applicable 
to shoot tips from a wide range of species and would require species specific 
development (see Protocol 9). The medium described by Towill has also proved 
successful for other systems. 

• Dissect shoot tips (see Protocol 2) and pre-grow for 24 h on filter paper bridges 
with liquid culture medium. 

• Transfer batches of 15-20 shoot-tips to cryovials containing 0.5-1.0 ml of 10% 
(v/v) DMSO. 

• Cryoprotect for 1 hat 25°C. 
• Transfer to a programmable freezer pre chilled to -5°C and chill for 10 min. 
• Induce ice ('seeding') by mechanical agitation or by touching the outside of 

the vial with liquid nitrogen chilled forceps. 
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• Chill for a further 10 min at -5 cc. 
• Cool at a rate of -0.4 cC/min to a terminal temperature of -35 cC and transfer 

to liquid nitrogen. 
• Thaw at 45 cc. 
• Empty the contents on to filter papers to remove cryoprotectant. 
• Transfer shoot-tips to standard semi solid medium containing one following 

hormone combination: 

• Holding time 30 min 0.2 mg/litre gibberellic acid (GA3) 

• Holding time 30 min 0.5 mg/litre indole acetic acid 
• Holding time 30 min 0.5 mg/litre zeatin (mixed isomers) 
• When shoot regeneration has occurred transfer to standard culture 

medium. 

Protocol 12 - Simplified controlled freezing of somatic embryos 
Cryopreservation using pre-growth and cryoprotective treatments, in 

conjunction with controlled cooling, also offer a potential method of conserving 
immature embryos of recalcitrant seed species. Controlled cooling methods are 
dependent upon the use of expensive programmable freezing equipment. 
Lecouteux et al. 1991, reported a simplified approach for cryopreserving somatic 
embryos (Protocol 13). 

• Pre-grow somatic embryos (at heart and torpedo stage) for 24 h in standard 
liquid medium containing 0.4 M sucrose (at a density of 100 embryos/lO ml 
in shaker culture). 

• Transfer 100 embryos to a cryovial (Nunc 368632) containing 1.8 ml of the 
cryoprotectant growth medium. 

• Place the vials in a domestic - 20 cC freezer for 24 h. 
• Transfer directly from - 20 cC to liquid nitrogen. 
• Thaw at40°C then transfer to standard medium containing 0.015 M sucrose. 

Vitrification methods 
'PVS2' solution (see Protocol 8) was developed by Yamada et al (1991) for the 

cryopereservation of white clover shoot-tips. The cryopreservation of shoot 
tips using controlled cooling is often variable, and vitrification is a promising 
alternative approach. By omitting the pregrowth stages and optimizing 
vitrification 'cocktail' application, 'PVS2' may also be applied to cell suspension 
cultures. 

Protocol 13 - A vitrification procedure for shoot-tips 
• Excise shoot-tips (see protocol 2). 
• Pre grow at 4 cC in standard semi solid medium containing 1.2 M sorbitol for 

two days. 
• Transfer shoot tips to 2 ml cryovials, apply 'PVS2' vitrification solution (see 

Protocol 8) by either of the following procedures; 
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• Incubate in 'PVS2' solution for 5 min at 25°C 
• Incubate in 'PVS2' solution for 15 min at O°C 

• Directly plunge into liquid nitrogen 
• Warm at 25°C 
• Remove the vitrification solution and wash the shoot tips twice with 1.2 M 

sucrose solution (see Protocol 8). 
• Transfer shoot tips to a 5.0 cm filter paper overlaying standard semi solid 

medium. Transfer daily to fresh filter paper until regeneration is evident, 
and then transfer to standard growth conditions. 

For chill sensitive species it is possible to pre-grow at higher temperatures. 

Protocol 14 - A dehydration method for cryopreserving nodal stem 
sections. 

Cryopreservation of nodal stem segments using cryoprotective dehydration 
offer a simple and useful alternative for the storage of 'shoot' material. A major 
ad vantage of the technique is that it does not require time-consuming dissections. 
However, its wider applicability requires further investigation. It is very important 
to standardize stem segment size as this can greatly affect the dehydration 
properties of the material. The following protocol was developed for axillary 
buds by Uragami et al (1990). 
• Remove uniform sized (5 mm) stem sections from entire plants. 
• Place on semi-solid medium containing 0.7 M sucrose and incubate for two 

days under standard condition. 
• Transfer nodes to a nylon membrane contained in a dish with 15 g dry silica, 

seal with Parafilm, and desiccate for 4-8 h. 
• Transfer nodes to cryovials and plunge directly into liquid nitrogen. 
• Thaw at 25°C and return to standard growth medium. 

Protocol 15 - Cryopreservation of zygotic embryonic axes 
by air dehydration 

Protocol 16 describes a simple 'air drying' method, developed for the 
cryopreservation of embryonic axes. A similar approach has been used for 
zygotic embryos. Desiccation to a moisture content of 13% was optimum for 
embryonic axes; the method may require further development (see Protocol 6) 
for other species. 

• Aseptically excise embryonic axes from the seeds. 
• Desiccate axes in sterile air flow for 3 h. 
• Transfer to a cryovial and immerse directly in liquid nitrogen. 
• Thaw in a water bath at 37-38 0 C. 
• Place the axes on water moistened filter paper (without additives) for up to 

ten days. 
• Transfer to standard nutrient medium to permit continued development. 
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Assy-Bah and Engelmann (1992) have developed cryoprotective dehydration 
techniques for the cryopreservation of immature and mature embryos of seed
recalcitrant coconut (Protocol 17). Application to other systems would require 
the determination of precise dehydration parameters (see Protocol 5 and 6) and 
species specific factors related to embryo development. 

Protocol 16 - Cryopreservation of immature and mature zygotic 
embryos using combined cryoprotective dehydration 

• Immature embryos 
1. Place embryos on to standard semi-solid medium containing 600 g/litre 

glucose (replacing standard sugars) and 15% (v/v) glycerol. 
• Dehydrate for 4 h, transfer to cryovials, and plunge directly into liquid 

nitrogen. 
• Thaw for 30 sec at 40 QC and transfer to standard medium for recovery. 
• Encapsulate shoot-tips or torpedo stage somatic embryos as described in 

Protocol 7. 
• Transfer beads to standard liquid medium containing 0.75M sucrose (for 

shoot-tips) or 0.3 M sucrose (for embryos). Place on a shaker and dehydrate 
for 72 h (shoot-tips) or 18 h (embryos). 

• Transfer beads to filter papers, blot dry, remove filters, and desiccate in a 
sterile air flow for 4 h. 

• Transfer the dried beads to a cryovial and plunge directly in liquid nitrogen. 
• Thaw at ambient temperature (~25 QC) and transfer the beads to semi solid 

recovery medium. If necessary excise tissues from the beads to aid recovery. 

Post-thaw viability, recovery, and stability 
Vital staining techniques are useful in determining early post-thaw survival. 

However, they are not always predictive of long-term viability and recovery and 
their use is cautioned as the sole means of assessing survival. Ideally, tests should 
be performed at different stages after thawing. The only definitive indication of 
recovery is regrowth. 

Fluorescein diacetate vital stain 
The fluorescein diacetate (FDA) vital stain is dependent upon the ability of 

esterases in viable cells to cleave the stain, which then fluoresces yellqw / green 
under a DV microscope. 

Protocol 17 - Fluorescein diacetate (FDA) vital stain 
• Make up a stock solution of 0.1 % (w Iv) FDA in acetone. This may be stored 

at 4 QC. Add a few drops of stock to 10 ml of liquid culture medium. 
• Add a few drops of FDA stain to cells on microscope slide. Allow the stain 

to penetrate for a few minutes, place a cover-slip over the cells, and examine 
under a DV fluorescence microscope using a blue/violet filter. 
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• Count the number of fluorescing cells in a dark field of view and count the 
total number of cells in the same field under bright illumination. 

• Repeat for at least five fields of view and for each calculate: 

% viability = number of fluorescent cells x 100 
total number of cells 

• Determine the mean of the results, and express as a percentage of the total 
frozen cell population or of the population of unfrozen control cells. 

Protocol 18 - The triphenyl tetrazolium chloride (TTC) test 
This is a useful alternative for larger specimens. Dehydrogenase activity of 

viable cells reduces TTC to a red formazan product which is measured 
spectrophotometricallly. 

Reagents 
• (w Iv) TTC in 0.05 M Na2HPOJKH2P04 L 95% (v Iv) ethanol buffer pH 7.4 

+ 0.05% (v Iv) Tween 80 

Method 
• Place 50-00 mg (fresh weight) plant tissue in a test-tube, add 3 ml of TTC 

reagent and infiltrate under vacuum for 10-20 min. 
• Incubate at 28°C overnight. 
• Add 7 ml 95% ethanol and extract the coloured complex by boiling in a 

water bath for 4 min. 
• Mix the samples thoroughly and centrifuge at 500-1000 g to precipitate the 

cell debris. 
• Measure the absorbance of the supernatant at 490 nm. 
• Express viability as absorbance 490 nml g fresh weight or as a percentage of 

the value for unfrozen controls. 

Progress in the area of plant cell, tissue, and organ cryopreservation is 
considerable. The freezing method developed by Withers and King (1980) for the 

. cryopreservation of plant cells is now in routine use. Adaptations of this method 
may also be applied to callus tissues. Vitrification is proving a possible alternative 
to traditional cryoprotectants and the cryopreservation of somatic embryos is also 
possible using a range of techniques. Cryopreservation is becoming increasingly 
important for the conservation of recalcitrant seed species. Whilst there still 
remain problems with the cryopreservation of shoot-tips of several species, new 
techniques involving encapsulation offer promising alternatives to 'traditional' 
methods. Within the constraints of this chapter it has not been possible to present 
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every aspect of method development. 'Traditional' techniques have been 
included for their proven routine applicability or their continued importance in 
protocol development. However, major emphasis has been given to newer 
techniques which hopefully have the potential to become routine protocols of the 
future. A significant trend, presently emerging from the field of plant 
cryopreservation, concerns the development of technologically simple methods 
and their wider application to several different types of cells and organs. 

The ability to cryopreserve plant tissues without the need for specialized 
freezing equipment has the immediate benefit of making cryopreservation 
accessible to many laboratories. This will greatly assist the continued progress 
of plant tissue cryopreservation and most importantly, increases the possibility 
of developing wider range of routine cryopreservation protocols. Finally, as 
cryopreservation becomes an important aspect of genetic resource conservation 
it is important to underpin the practical aspects of method development with 
greater understanding of basic plant cryobiology. Thus, further progress within 
the application of cryopreservation techniques will be aided by basic studies 
concerning freezing and dehydration injury, cryoprotectant mode of action, and 
post-thaw regeneration. As the maintenance of genetic stability is fundamental 
to the safe storage of genetic resources, continued investigations of the molecular 
aspects of post thaw stability are the priority issues. These may be of particular 
significance for the increased application of cryopreservation to genetically 
engineered plant cell and organ cultures. 
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9.0 EDUCATION AND PUBLIC AWARENESS 

General 
The botanic gardens and arboreta of the world offer unique opportunities for 

the education of public. The aim should be to create an understanding and 
awareness of the needs for and methods of conservation and development of plant 
resources. With a visiting public of more than 150 million a year world wide and 
frequent interest from visiting officials, VIPs, technical experts and conservation 
practitioners, no garden can any longer afford to take a passive attitude towards 
the public education. Every garden should have a written education and awareness 
plan, identifying audiences, the core messages to be targeted to each, and the 
facilities and activities involved in putting those messages across. To make a 
single set of recommendations for activities would be simplistic and not helpful 
to gardens. It must be recognised that an education strategy needs to be tailored 
to the specific circumstances and the species growing in each garden and their 
economic value. 

However, several common principles apply to develop public awareness 
and education plans for all gardens. 

Market research 
It is important to know who is visiting a garden and why, and who is not. Every 

botanic garden should conduct some form of visitor survey. It ·is useful to 
know how many people visit the garden, how many repeated visits there are, 
which groups visit the garden, how far visitors have come, for what activities 
they visit (e.g. recreation, study, picnicking, scientific interest, walking, 
photography etc.), what facilities they do and do not have and what facilities 
they would like to have. Additionally, it is just as important to know who does 
visit the garden and why. While professional companies often publicise such 
services, gardens may also find colleges that are able to carry out these surveys. 

Key groups 
There are at least three key target groups that publicise plant conservation, 

in relation to the Botanic Gardens Conservation Strategy. These are the decision 
makers concerned with the future of plant genetic resources and the means to 
conserve and develop them. Technicians, practitioners and professionals are 
engaged in the practice of conservation and development of plant genetic resources 
at botanic gardens and elsewhere; and the visiting public including journalists, 
VIPs, adults, children, and organised groups. A different message needs to be 
imparted to each group when they visit the botanic garden. 
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Decision makers 
This is a small but important group. They are concerned first and foremost with 

"environment and the country or the local condition". There should be no need 
to convince this group of the importance of plant conservation or the worth of 
botanic gardens per se, although considerable effort may be needed to increase 
the priority they accord to them. They are already responsible for them and will 
probably have contact with gardens in an official capacity. The purpose of 
creating an enhanced awareness with such group is to prompt effective action 
by government and others and ensure adequate finances are secured for con
servation and development of plant resources. This group responds well to: 

• Condensed and quantified information (e.g. number of plants in threat 
categories, trends, deadlines for action, the need and usefullness of resources) 

• Minimum of explanation. 
• Tangible evidence of success (to please public or customers) 
• A striking and memorable image or feature to illustrate one telling point 

They respond badly to: 

• Time wasting 
• Too much information 
• Jargon and complex explanation 

Technicians, practitioners and professionals 
For these people the core message is "this is how plant conservation works 

and what botanic gardens can do". These visitiors need to be convinced that 
strategies and methods will work. They respond well to: 

• Technical information arranged in layers of detail; 
• Worked examples 

• They respond badly to: 

• "Political" analysis 
• Opinion rather than fact, or 
• Satisfactory explanation 

The purpose of education here is largely to facilitate the uptake and transfer 
of skills and ideas. A cost-effective approach is often to provide an opportunity 
to talk directly with a resident practitioner about the garden scheme that has 
been implemented, with relevant display material, equipment and so on. The 
application of the method to other fields can then be done by reference to 
literature and so on. 
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The public 
This is a large and diverse group and no single prescription is possible. 

Everything depends on the country concerned and the position and major 
theme(s) of the garden. But there is one unifying factor; the public needs to be 
interested. The public is easily bored. It needs to be enthralled (as by a story) or 
entertained. This applies to journalists, children, and adults. Unless the public 
is interested, 'education' fails to motivate. In view of the many millions of 
members of the public who visit botanic gardens each year, it is important 
that very strenuous efforts are made to interest and if possible involve them 
in the conservation role of the gardens. Useful approaches include: 

• Everyday examples (plants used in food, drugs, sex) 
• Your country: the national collection (e.g. in the shape of the country); native 

and introduced flora and their story, using common names 
• The superlatives: the rarest, commonest, tallest, shortest, hardest, sweetest, 

most poisonous, most valuable (no second bests) 
• Touch collections (such as climbable trees) 
• Examples of how the public can become involved 
• Plants to take away (with information labels and details) 

Approaches/Methods 
The range of approaches to education and awareness that have been used 

successfully in botanic gardens are immense. They include: 

• Established cooperative programmes with curriculum development with local 
school authorities to promote the use of botanic gardens as teaching resources 
for both students and teachers. 

• Press days and conferences to see 'what goes on behind the scenes', followed 
up by radio and TV broadcast, newspaper articles and so on. 

• Exhibitions with audio visuals, slides, film, video, live and dried specimens, 
photographs and literature. 

• Photographic competitions (of pictures of plants taken within the garden and 
held at the garden). 

• Wild flower shows (properly organised in conjunction with scientists and local 
conservation societies). 

• Displays of living collections reached by guided or self-guiding tours. 
• Volunteer programmes in which local people are trained in interpreting the 

garden to visitors. 
• Outreach programmes via visits to local schools, colleges, institutions, clubs or 

societies by garden staff or volunteers, followed or preceded by a visit to the 
garden. 

• Lectures. 
• Field excursions (for example to see in their natural habitats relations of plants 

in the collections). 
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• Horticultural courses using plants of economic value. 
• Theatrical events (for example evening concerts and plays set in the garden). 
• Joint ventures with commercial plant nurseries, garden centres and so on. 
• In-house staff training: for example, secretarial staff should be given some 

training in identifying and learning about the collection and its history, in 
garden time, and taken to see in situ conservation work. 

• Setting off: when a major trip is made into the field to work on an in situ 
conservation project, the press can be invited to photograph the 'launch' at the 
garden, and interview the staff concerned. 

Staff training 
For botanic gardens to play an effective role in conservation they need to 

develop a series of professional, technical and management skills among their 
staff. Many botanic gardens provide some form of training, with a small 
number offering professional diploma courses in horticulture. They can offer 
courses of educational and practical value to public. There is, however, a very 
considerable demand fortraining that is not at present being met, especially 
from gardens in developing countries. 

The Botanic Gardens Conservation Secretariat should act as a clearing house 
where information on what courses are available at which garden can be 
matched as far as possible with demands. The major skills required are: 

Management 
Many botanic gardens would benefit greatly from the type of management 

training that is normal practice in the business community. 

Horticulture 
This is especially relevant for conservation, in particular the traditional skills 

of raising plants, propagation and seed germination, supplemented by newer 
techniques such as micro-propagation, tissue culture and tree surgery. 

Plant physiology and ecology 
Training in plant physiology and ecology is needed for a wide range of tasks 

ranging from greenhouse management to experimental trials and seedbanking. 

Landscape design 
Landscaping is an important element in presenting the plant displays, including 

conservation of plants, in such a way as to make them attractive to the public. 

Media skills 
These are needed in the preparation oflabels, leaflets, exhibits, films, audiovisual 

displays and books; good lecturing techniques are also important in conservation 
education. 
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Conservation 
It is important for botanic gardens staff to understand the main approaches to 

conservation and the ways in which they may be applied to botanic garden 
material 

Biogeography 
Many botanic garden staff would benefit from some training in the basics of 

biogeography because of the wide range of geographical origins of the material 
they handle 

Computing skills 
Most botanic gardens today use computer in at least some of their operations. 

Training in their efficient use will often be necessary 

Fund-raising 
Increasingly botanic gardens personnel must devote time and effort to seeking 

financial support for the operation and expansion of the garden's programmes. 
While professional fund-raisers may be employed, some training in this area is 
desirable for senior staff. 

Working together at national level 
If the botanic garden community is to play an effective role in the conservation 

of plant resources, both in situ and ex situ, and to attract significant support to 
enable it do so, it must organise itself much more efficiently and coherently 
than it has so far. 

Cooperation is mainly needed at the national level. The best way to do this is 
through the creation of an association or network. Botanic gardens should give 
priority to their local floras, as recommended in chapter 4. Since most in situ 
conservation is done by government agencies and national conservation NGO's, 
it follows that the coordination of both in situ and ex situ conservation can best 
be achieved at national level. Regular, perhaps annual, meetings of gardens are 
easily arranged, as are sharing of resources, training and, above all, cooperation 
in collection policy. Each botanic garden will be far more effective if it is part 
of a coordinated national policy including national net-works of local people. 
The emphasis throughout must be on voluntary cooperation. National botanic 
garden networks have already been established in many countries or are under 
consideration. These vary in their range of activities and their conservation 
component. 

The essential elements of a national botanic garden should include plant 
conservation net-work, termed national group below, a coordinating committee, 
or central secretariat. This may start in a small, ad hoc way, but if it succeeds 
the network is likely to grow and institutionalise itself. 
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The emphasis throughout must be on voluntary cooperation. National botanic 
garden networks have already been established in many countries or are under 
consideration. These vary in their range of activities and their conservation 
component. 
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The objectives of the national group should be to: 

• coordinate policies from one garden to another, encouraging the exchange of 
plants and of expertise and discouraging too much duplication in work. 

• coordinate the policies of the garden network with national conservation 
organisations and with other relevant scientific, technical, educational and 
commercial bodies and societies. 

• coordinate the policies of the garden network with national groups in other 
countries and with international organisations such as IUCN and IABG. 

The detailed activities to achieve these objectives will vary from country to 
country. They may include some or all of the following: 

• coordinate the ex situ conservation of the nation's flora by deciding which 
taxa should be maintained in the collections and getting agreement as to 
which are to be held in which gardens. 

• coordinate a national inventory of conservation collections held in the 
country's botanic gardens and act as liaison point with BCCS. 

• organise a seed bank and/ or in vitro storage for a similar or complementary 
set of taxa (or at least those that do not have recalcitrant seeds). This task may 
best be done centrally as only a few botanic gardens have seed bank facilities 
and the requisite back-up facilities and research programmes. 

• encourage the establishment of nature reserves or other protected areas in 
cooperation with national conservation bodies and ensure that the gardens' 
expertise is used where it is needed most-in habitat evaluation, monitoring 
of rare species, habitat restoration and 'habitat-gardening' for endangered 
populations. 

• promote and coordinate research into the cultivation, reproductive biology 
and propagation of native species. 

• prepare materials and guidelines for a botanic garden education programme 
in conservation and plant appreciation. 

National groups should attempt to play a public relations role, promoting the 
botanic gardens of their country and helping gardens improve their image and 
search for funds. As education is often the weakest point of many botanic gardens, 
national groups should forge links with more NCO's zoological and botanic 
gardens and the media in general, drawing on their expertise and help. 

To achieve these goals, the first requirement in most cases will be to improve 
the flow of information between botanic gardens. A national group that does 
no more than call an annual meeting of garden directors and then talk is 
worthwhile, and this may be the first stage for national groups without funds 
of their own. If there are no funds for staff and travel costs, it might be better 
if the meetings simply provide a forum where garden representatives can 
compare activities and ideas, rather than discuss a programme that may look 
impressive on paper but is unlikely to be implemented. 
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A newsletter is one of the best ways to encourage information flow. A 
newsletter is cheap and can be very effective in keeping people in touch. It is 
important not to let it inflate and not to try to match magazine standards of 
presentation. The best newsletters are journalistic and anecdotal in style, rather 
than a set of policy statements or short scientific papers 

To achieve its programme, a national group will also need to bring together 
the data on which plants are cultivated and where. The database of the national 
botanic gardens database is one answer, linked with the BGCS database. 
Current trends are toward decentralised computer networks rather than 
centralised computer data banks, but however it is done, several types of 
inventory are needed: 

• a national inventory of plant species of conservation importance 
• an inventory of threatened, endangered or rare plants, whether or not native 

to the country, of wild, documented origin, in cultivation in the network's 
gardens. 

• an inventory of research that has been done or is being done on any of the 
species as above. 

Working together at international level 
There is a need for coordination and cooperation at the international level, to 

ensure adequate coverage of all regions and floras. This should be done at a high 
level, with a small full-time core of professionals but drawing upon volunteers 
in botanic gardens in as many countries as possible. Three specific requirements 
are: 

Liaison Although there has been, and still is, ample cooperation among some 
botanic gardens, especially between those in temperate countries and those in 
tropical or subtropical countries, the demand is much greater than can be met at 
present. Historic links, as between the Royal Botanic Gardens, Kew and botanic 
gardens in former British colonial territories, and between the Netherlands and 
Indonesian gardens, are still strong in some instances but in most cases there 
are no obvious partnerships and overall international liaison is very much of an 
ad hoc nature. 

There is a need for a more coordinated schemes. Liaison may involve training, 
finance for training, general advice and support which are particularly 
necessary for the effective building up of living collections on a more rational 
basis. This has very clear advantages for conservation of plant genetic resources 
and BGCSS is working with other international agencies to consider ways of 
sponsoring a scheme for conservation liaison between botanic gardens. Formal 
cooperative agreements may range from simple twinning arrangements to 
multilateral partnerships. Guidelines for such agreements are being worked 
out in cooperation with IUCN, IBPGR and other appropriate agencies. Factors 
that have to be taken into account include local flora, the management status 
of the gardens, the training needs and the financial implications. Although it is 
clearly feasible and desirable for links among botanic gardens in temperate and 
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tropical countries and to carry out programmes substantial funding is to be 
found. Approaching the international agencies is one way and to meet the strict 
criteria and selectivity that they will demand. 

Botanic gardens must become a recognised· part of the world's genetic 
resources network and this in turn will require agreement on priorities and 
questions such as which botanic gardens will accept a primary responsibility 
for which species. Cooperation at an international level is necessary to devise 
and implement an appropriate strategy. It may be that in accepting some 
sources of financial or logistic support, the choice of species proposed may not 
necessarily be that which botanic gardens would themselves choose as first 
priority and consequently they might decide that the conditions or restrictions 
were unacceptable. Each garden is, however, responsible for its own policy 
decisions and cooperation in any network and proposals must be voluntary. 

Monitoring 
An expanded global monitoring programme for ex situ conservation 

development from the present work of the Botanic Gardens Conservation 
Secretariat needs to be initiated. 

Coordination 
BGCS acts as a small central coordinating body to oversee the implementation 

of this strategy, to assist national groups where they need help, and to provide 
liaison among them. It accepts responsibility for calling and organising future conferences on aspects of botanic gardens and conservation and for administer
ing a liaison scheme. A most important function is to promote the creation of 
botanic gardens where they are most needed and to encourage the revival of 
gardens in priority areas that are now weak or moribund. The role of IUCN and 
BGCS is to act as a promoter and stimulator for the organisation of botanic 
gardens at international level. Through its Commissions, Centres and Advisers, 
IUCN can provide information, guidance and advice. 

The costs of conservation 
Conservation activities by botanic gardens clearly cost money, staff time, 

space, maintenance, equipment, running costs and overheads. Because costs vary 
widely from one country to another it is not possible to set figures for the cost of 
making a germplasm collection of a single species. What is more useful is to consider what the relative costs to other items in a garden budget may be. 

Botanic garden operating budgets are complex and because they are often 
interrelated with other non-garden activities of the whole institution (such as a 
herbarium, research laboratories) it is difficult to specify them. The actual 
proportion of strict botanic garden operating costs applied to conservation by 
different gardens also varies but is usually quite small, reflecting the relatively 
low priority given to conservation by botanic gardens. Much of the activity of 
major botanic gardens can, however, be regarded as "passive" conservation in 
that rare and often endangered species are often represented in their collections 
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Genotype 

Grafting 

Hardwood cutting 

In situ conservation 

In vitro storage 

Micropropagation 

National collection 

Phenotype 

Provenance 

Rouging 

Seed production areas 

Seedling genebank 

Establishment and Management of Ex Situ Conservation Stands 

An individual's hereditary constitution, with or 
witho.ut phenotypic expression of the one or more 
characters it underlies. 

It is the union of a scion from a genotype with a 
rootstock from another plant. 

These are cuttings taken from matured, dormant 
hardwood after the leaves have been shed. 

It is the management of human use of genetic 
resources so that they may yield the greatest 
sustainable benefit the present generation, while 
maintaining their potential to meet the needs and 
aspirations offuture generations (FAO 1993). 

Storage of germplasm in the laboratory in freezers, 
cold rooms, under ultra low temperature or in test 
tubes as slow growing specimens. 

The reproduction of plants asexually be means of 
vegetative tissues. 

This is the growing of all plants of one genus or 
family undertaken expresenting plant wealth in a 
country. 

The plant's physical character as we see it. 

It is the geographic location of a seed source. 

Systematic removal of individuals not desired for 
the perpetuation of a population. 

A plus stand that is generally ungraded and opened 
by removal of undesirable tree and then cultured 
for early and abundant seed production. 

These are special kinds of ex situ collection in 
which the seedlings can be kept for several years 
because of meristematic dormancy under low 
light conditions. 
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Seed orchard 

Seed seedling orchard 

Seed viability 

Softwood cutting 

Species 

Vitrification 

A plantation consisting of clones or seedlings 
from selected trees, isolated to reduce pollination 
from outside sources, rouged or undesirables 
and cultured for early and abundant production 
of seed. 

These are seed orchards raised from seedlings 
produced from selected parents through natural 
or controlled pollination; 

It is the measure of how many seeds are alive and 
could develop into plants, which will reproduce 
themselves, given the approriate conditions. 

These are cuttings taken for propagation from 
young soft succulent plants with leaves. 

It is a group of invididuals of similar morphology 
that are able to breed with each other but not 
with individuals from outside this group. 

Avoidance of ice formation in biological tissues 
exposed to low and ultra-low temperatures to 
reduce damage. 
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BAP 

BGCS 

DNA 

FDA 

HCL 

IABG 

IBA 

ICRAF 

IITA 

IPGRI 

IPR 

ISTA 

ITTO 

IUCN 

IVAG 

IVBG 

KOH 

Establishment and Management of Ex Situ Conservation Stands 

Appendix 3 

Ab breviations 

Benzylaminopurine 

Botanic Garden Conservation Secretariat 

Deoxy-Ribo-Nucleic Acid 

Fluorescein Diacetate 

Hydrochloric Acid 

International Association of Botanic Garden 

Indolebutyric Acid 

International Centre for Research in Agroforestry 

International Institute for Tropical Agriculture 

International Plant Genetic Resources Institute 

Intellectual Property Rights 

International Board for Plant Genetic Resources 

International Tropical Timber Organization 

International Union for Conservation of Nature 

In Vitro Active Genebank 

In Vitro Base Genebank 

Potassium Hydroxide 
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NAA 

NGO 

PDZ 

PGR 

p.s.i. 

RCFM 

RSH 

SPA 

SS 

TTC 

Molar 

Napthaleneacetic Acid 

Non-Governmental Organization 

Pollen Dilution Zone 

Plant Genetic Resources 

pounds per square inch 

Regional Centre for Forest Management 

Root Setting Hormones 

Seed Production Areas 

Seed Stand 

Triphenyl Tetrazolium Chloride 
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