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Foreword

In order to successfully disseminate agroforestry technologies, various hurdles
that currently limit the scaling-up process must be tackled. The lack of tree
seed, seedling and other planting materials (tree germplasm) is a major con-
straint to the scaling up of agroforestry innovations. Sustainable production
of high-quality germplasm for a wide range of agroforestry species is the basis
of a successtul scaling-up process. Institutional and organizational procedures
that are adequate and conducive to large-scale production and distribution of
agroforestry seed are also needed.

Seed and seedlings production and distribution should be a collaborative
effort between local actors and stakeholders (including farmers, governmental
organizations, non-governmental organizations (NGOs), community-based
organizations (CBOs) and research organizations. No blueprint exists for strat-
egies for scaling up seed production. Indeed, such strategies need to be specific
to local conditions and should be based on links and collaboration between
local actors. The private sector should be involved in developing sustainable
seed and seedling production systems without compromising germplasm
quality.

This Toolkit 1s part of the World Agroforestry Centre’s (ICRAF’s) scaling-
up activities for agroforestry technologies. The Toolkit was developed to
provide information to farmers about sustainable production and distribution
of agroforestry seed and seedlings. Also included are issues that deal with seed
quality, developing joint strategies for seed production and ways of introduc-
ing sustainability in seed production and distribution systems.

Although this Toolkit was developed for ICRAF’s Trees and Markets thematic
area in East and Central Africa, the information and resources herein can be
utilized globally. Users are encouraged to adapt the materials provided in this
Toolkit for extension and training activities with farmers.

The authors hope that this Toolkit will encourage users to recommend
strategies that encompass quality, diversity and sustainability of tree seed
production, and help bring together organizations that are involved in seed
production.
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How this Toolkit was developed

The availability of tree germplasm, that is, propagation material such as seed,
seedlings, or cuttings, was identified as one of the crucial elements in scaling up
agroforestry technologies by ICRAF and its partner organizations (& Cooper
and Denning, 2002). Bashir Jama, the ICRAF Regional Coordinator of East
and Central Africa, responded to this need by initiating the development of
a Toolkit on agroforestry tree seed. The Toolkit would speed up the adoption
of agroforestry technologies and recognize the crucial importance of germ-
plasm, especially seed, in scaling up agroforestry.

The Toolkit was developed as a training tool that collaborating organizations,
such as non-governmental organizations (NGOs) and community-based or-
ganizations (CBOs), and governmental organizations, such as national tree
seed centres (NTSCs) and natural resource research institutes, could use dur-
Ing extension activities involving tree seed and seedlings.

In the initial development stages of the Toolkit, a review of the available ex-
tension materials on tree seed and tree planting was conducted. It was found
that extension and training materials had primarily focused on the technical
side of seed production. There was limited information on two important ele-
ments of successful seed production and distribution: (i) a network of collabo-
rating institutions, as was highlighted by a DANIDA-funded project on the
institutional nature of seed production in Kenya, Malawi and Burkina Faso;
and (i1) links with the private sector, especially with associations of small-scale
tree nursery operators and seed dealers. The benefits of collaborating with
associations of tree nursery operators were highlighted by a Kenyan DFID-
funded project in peri-urban Nairobi, Meru and Kisumu.

The lessons of both these projects, and ICRAF’s other expertise in seed pro-
duction and distribution, were included in the Toolkit to expand the informa-
tion that was already available on tree seed. Since “the technical part of tree
seed collection, production and distribution is easy and 1s basically 90% com-
mon sense” (Seren Moestrup, Forest and Landscape, 2004), the Toolkit fills
important gaps in the available information that will assist tree seed collection,
procurement and distribution initiatives.

The Toolkit is structured around a list of questions that specific actors in
seed production and distribution might ask. The considered actors include
centralized trees nursery operators, farmers who purchase seed, farmers who
purchase seedlings, farmers who produce seed, non-profit organizations that
produce seed, non-profit organizations that distribute seed, large private seed
producers, formal seed dealers, informal seed dealers, governmental organi-
zations, extension services and research organizations. During the first phase
of the Toolkit’s development, a list of questions that each of these actors
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could ask was produced. These questions were then grouped into 19 chapters
according to topics.

As the chapters of the Toolkit took shape, a CD-ROM was simultaneously
developed. This electronic material contains the chapters of the Toolkit that
can be used to develop extension and training materials for target audiences.
The CD-ROM also contains a selection of the training and extension mate-
rials on tree seed and tree planting that were encountered during the initial
review of existing materials. The authors and publishers of these materials
have very kindly agreed these materials can be included. Users are encour-
aged to modify any of the provided materials, so long as the original source of
the materials is acknowledged.

Feedback on the Toolkit will be highly appreciated. For example, useful addi-
tional materials for the CD-ROM are welcome. New questions or additional
answers to questions that are already listed will be appreciated. Useful experi-
ences on tree seed activities from farmers would be excellent additions to the
Toolkit. Please send your feedback to ICRAF’s Training Unit (reference: Tree
Seeds for Farmers Toolkit) at PO Box 30677, GPO 00100 Nairobi, Kenya.
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How to use this Toolkit

The Toolkit is arranged around a series of questions that are grouped in 19
chapters. The list of all the chapters and questions and the page number are
listed on pages xvil to xxil.

You can access the material in two ways:

* Method 1: Pick the chapter that you are interested in from the table of
contents at the beginning of the Toolkit.

* Method 2: Pick the question that you are interested in from the list of
questions provided on pages xvii to xxil.

Each chapter starts with summary answers. If the summary answer is
not satisfactory, go to the full contents of the chapter where the complete
answer is provided.

At the end of each chapter some references are provided. References that
are included on the CD-ROM are indicated by the symbol &. Those refer-
ences can be consulted directly from the CD-ROM for additional information.
For two chapters, some video clips are included that further explain some

technical procedures. These video clips are also listed as reference materials
on the CD-ROM and are given the symbol @.

If you do not have a specific chapter or question in mind, you could start by
reading the first chapter of the Toolkit or reading the additional materials on
the CD-ROM.

Figure I.1 shows a flowchart for the decisions that you might make while using
the Toolkit.

As an example, from the list of questions on page xix, you may be interested in
the answer to question 8.7 What are the basic principles of seed collection? The table
of contents indicates that chapter 8 starts on page 109. After consulting the
summary at the beginning of the chapter, you may want to refer to page 115
for the complete answer to this question. If you are still not satisfied, then you
could consult chapter 4 on seed collection from the Guide to Handling of Tropical
and Subtropical Forest Seed () from the CD-ROM.
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Figure 1.1 Decision tree on how to use the Toolkit

Are you interested in a Yes

specific chapter?

Are you interested in a Yes

specific question?

No

Are you satisfied with Yes
the answer?

Are you satisfied with Yes

the answer?

% Yes Are some references
provided on CD?

No
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Chapter 1:

Seed Production and
Distribution Strategies

Summary

1.1

1.2

1.3

1.4

Why are strategies needed for seed production and distribution?
Seed is produced and distributed by people in many different ways. As a
consequence, there are many potential actors and many different roles that
these actors play. A well-functioning seed system depends on good collabora-
tion between the various actors. Your degree of success in seed production
and distribution will increase if you prepare a strategy that takes into account
the constraints and opportunities of all the actors and their roles.

More on page 6

What is a seed system?
A seed system is made up of organizations and individuals, also known as
actors, who perform different functions within an institutional setting to
produce seed. These functions include breeding, multiplication, processing,
storage, distribution and marketing of seed. Information exchange is particu-
larly important for the optimal functioning of seed systems.

More on page 6

What are the key elements of a seed and seedling strategy?

A seed and seedling strategy defines the roles of various actors. A good strategy
results in a well-functioning system that sustainably provides good-quality seed
and seedlings. The roles of various actors are: seed sources management, seed
procurement methodology and seed distribution.

More on page 8

Why are sources of reproductive material crucially important to
seed strategies?

Reproductive materials of good genetic quality are crucial to successful
agroforestry systems because the reproductive material source is the first link
in the production and distribution chain. Therefore, the reproductive material
source determines the efficiency of the seed system and the maintenance of
genetic quality. In many cases, inferior quality seed and vegetative reproductive
material have been introduced into agroforestry systems with negative long-
term effects on the genetic quality of material available to farmers.



1.5

1.6

1.7

There are five general types of sources of reproductive material, four types are
from seed and one type is from vegetative material. The sources are: natural
forest, farmland, seed orchards, plantations and vegetative propagation. The
genetic quality of seed is determined by the quality of the source, and also by
the seed collection method from the seed source.

More on page 9

What different types of seed systems exist?

The tree seed production and distribution chain can be split into three major
types of actors that are linked: (1) seed source owner, (ii) seed procurer and (iii)
seed distributor. Each of these three actors can be organized in a centralized
way (one or a few organizations control the actors) or in a decentralized way
(many organizations control the actors). The advantages and disadvantages
of the various combinations of centralized and decentralized organization
are different for the five sources of reproductive material.

More on page 10

What is the role of marketing and enterprise in strategies?
There 1s no blueprint for strategies that the different types of actors should
make to become most successful within a seed system, since these strategies
depend very much on the system’s rules. Different combinations of functions
can be taken by the private and public actors within a particular seed system.
Instead of asking, “Should the national tree seed centres (NTSCs), research
organizations and NGOs produce and distribute seed centrally?” it may
be more productive to ask, “How and to what extent can N'TSCs, research
organizations and NGOs support the development of a market for seed and
seedlings?”

More on page 12

What are the general recommendations for developing strategies
for production and distribution of crop seed?
Differences between the biologies of crop seed and tree seed influence their
production and distribution. However, the two systems have a major similar-
ity: farmers do not generally have access to suitable varieties of good-quality
seed. The reform of agricultural seed systems usually includes suggestions
to reform policy; to increase the effective demand for improved varieties; to
decrease the cost of seed production and distribution; and to improve infra-
structure, rules and regulations.

More on page 13
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1.8 What are the possible roles of actors in production chains?

The activities in each of these phases can be performed, supported and con-
trolled in various ways by different actors. An actual strategy will be based on
the definition of the roles of the various actors. There are usually pros and
cons for the role a particular actor fulfils. Ideally, the seed strategy should be
based on discussions held with the various actors so that they can collaborate
efficiently. There is no model seed strategy that will be the best for every loca-
tion. The actors should therefore decide on how quality seed and seedlings
can be produced sustainably in their target areas.

More on page 15
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Introduction

1.1

1.2

The lack of tree seed is often cited as a key constraint to the adoption of new
agroforestry technologies, alongside problems of seed quality and lack of a
broad diversity of species. This means that, although there is demand for seed
by farmers, they are unable to obtain access to it, or there 1s inadequate supply.

The problem of inadequate supply of and lack of access to tree seed is simi-
lar to the constraints facing agricultural crops in Africa, where farmers have
limited access to improved seed of a wide range of suitable crop varieties, and
where seed production and marketing are major limitations for poor farmers.

Why are strategies needed for seed production and
distribution?

Seed is produced and distributed in many different ways ranging from a farmer
collecting seed from trees on the farm through to a multinational corporation
producing and distributing genetically modified seed to large-scale plantations
across the world.

There are many ways to organize seed production and distribution. There are
also many potential actors and many different roles that these actors can play.
A well-functioning seed system depends on good collaboration between the
various actors. Whether you are a small nursery owner selling seedlings; an
NGO trying to start up a tree planting project; or a government organization
wishing to improve farmers’ livelihoods through agroforestry, your degree of
success will increase by preparing a strategy that takes into account the con-
straints to and opportunities for seed production and distribution.

What is a seed system?

It is useful to look at seed production and distribution as a seed system that
1s composed of actors who may be organizations and individuals involved in
different seed system roles or functions. These functions include breeding,
multiplication, processing, storage, distribution and marketing. The descrip-
tions of the tree seed system and information in this Toolkit are adapted from
the description of crop seed systems in Maredia et al. (1999) and Tripp and
Rorbach (2001); the terms are commonly used in the literature on crop seed
systems.

The seed system illustrated in figure 1.1 includes informal (or traditional) and
formal sectors. The informal sector is made up of individual farm house-
holds, as well as small-scale nursery owners and seed vendors (actors) with no
clear policy support, each carrying out most seed system functions on their
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Figure 1.1 Smallholder tree seed system

Formal sector
Public and private organizations with specialized roles
and legal recognition

Actors
e Seed source owners

e Seed collectors
e Seed distributors
e Private nurseries

Institutional environment

* Rules and regulations for
seed/seedling production and

distribution
* Project nurseries e Other laws for: land tenure,
e Communal nurseries business, credit possibilities
* Extensionists e Pathways for information
e Seed customers exchange between actors
e Seedling customers ® Extension, networks

* Research organizations

Informal sector
Individual farm households, as well as small-scale nursery owners and
seed vendors (actors) with no clear policy support

own with little or no specialization. The formal sector is made up of public
and private organizations (actors) with specialized roles in supplying new tree
species and varieties. The institutional environment includes not only
the formal laws and regulations, but also the informal conventions of market
behaviour and social interchange.

Information exchange is particularly important, and seed systems can
often be made more effective if the conditions for access to and exchange of
information among large numbers of farmers are improved.

Three types of information are important:

1) Technical information acquaints farmers with the advantages and
disadvantages of various production options and informs plant breeders,
public agencies and merchants about farmers’ requirements.

11) Economic information determines what inputs farmers are willing to use
and what products are brought to market.

i11) Information about the expected performance of partners (their reputations
and trustworthiness) determines the willingness of farmers, merchants and
consumers to enter into transactions.

Efficient institutions must be available to facilitate the transmission of all three
types of information.

Chapter 1: Seed Production and
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1.3 What are the key elements of a seed and seedling strategy?

Figure 1.2

A seed and seedling strategy defines the roles of the various actors. A good
strategy will result in a well-functioning system, that is, a system that will
provide seed and seedlings of good quality in a sustainable manner. A well-
functioning seed/seedlings system can be described as “one that uses the
appropriate combination of formal, informal, market and non-market chan-
nels to stimulate and efficiently meet farmers’ evolving demand for quality
seed and seedlings.” Species and varieties that can meet the requirements of
farmers should be available and farmers should be well-informed about the
availability of these species and varieties. Figure 1.2 illustrates the main links
and information flow in a well-functioning tree seed system.

To describe a strategy, the roles of the various actors can be defined in terms
of seed source management, procurement methodology and distribution.
The type of seed source and the type of ownership are important character-
istics of seed sources. Procurement methodology includes all activities
related to seed collection, transport, processing, cleaning, testing and storing.
The ways and means through which seed is distributed or sold define the
distribution/sales methodology.

Efficient flow of reproductive material and information within a well-
functioning system

A well-functioning seed system requires:

Efficient reproductive material flows of species and varieties that can meet the requirements of
farmers

Seed/
Vegetative
sources

Procurement Distribution

Efficient information flows ensuring that distributors and customers (farmers) are well-informed
about the availability of these species and varieties

Information about:

Other actors’ perform-
ance
and trustworthines=

Economic input (costs)
and output (income)

Technical production options
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1.4 Why are sources of reproductive material crucially

Table 1.1

important to seed strategies?

The availability of good sources of reproductive material is a prerequisite to
successful agroforestry systems. In many cases, inferior quality seed has been
introduced into agroforestry systems without regard for the long-term genetic
quality of material that will be made available to farmers.

Seed/vegetative sources can be established in several different ways, depend-
ing on the biological characteristics of species and the organizational setup of
production and distribution. The seed/vegetative source is the first link in the
seed production and distribution chain and to a large extent determines the
efficiency of the seed system, and how genetic quality is maintained.

Sources of reproductive material have many names, but can all be categorized
into five general types. Four types are from seed and one type is from vegeta-
tive material (see table 1.1). In most practical situations, the choice of species
determines the type of seed source that can be utilized and often short-term
economic criteria determine which type is actually used.

The genetic quality of seed is determined by the quality of the seed source and
the way seed is collected (number of trees collected from and the relative qual-
ity of trees collected from). Subsequent handling (seed processing, seed storage
and seed distribution) influences the physiological and physical qualities of the
seed. Testing seed for germination capacity measures the physiological quality,
but it does not measure the genetic quality [in many countries tree seed testing
(testing of germination capacity) is used as an argument for why production
and distribution of seed should be wholly centralized. Such an argument dis-
regards the more important aspect of genetic quality (see chapter 7).]

General sources of reproductive material

Source type Brief description

Natural forest Natural vegetation, ranging from high forest to
woodlands

Farmland Tree species on farms — planted or remnants of

natural vegetation
Plantations Trees planted in a plantation or a woodlot

Seed orchards Trees planted in a plantation or woodlot, specifically
for seed production

Vegetative propagation  Gralfts, stem cuttings, micro cuttings, or somatic
embryos propagated from selected clones or seedlings

Chapter 1: Seed Production and
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There are important social and economic issues to be considered in the
production and distribution chains. For instance, who gains experience and
ownership in the production, procurement, and distribution of seed and
seedlings?

Seed sources (from seed or vegetative material) determine the production and
distribution chain of seed and seedlings. The type of seed source determines
to a large extent what types of source ownership, procurement, and distribu-
tion are practically feasible. In a given situation, the availability of a particular
species will determine what type of seed source(s) can be deployed in the short
and long terms.

For example, for many high-value indigenous timber species the only high-
quality seed sources will be ‘natural forest’ (although the inferior choice of
‘vegetative propagation’ of unknown material with very limited genetic varia-
tion 1s sometimes chosen as a source).

1.5 What different types of seed systems exist?

The production of seed (and vegetative material) can conveniently be broken
into three major links in the production and distribution chain (see figure 1.3).
The important issue for each link in the chain is who controls the link and
thereby gains experience and participates in the market as an actor.

As described above, tree seed production and distribution chains can be split
up into three major types of actors: (1) seed source owner, (i) seed procurer and
(111) seed distributor. Each of these three links can be organized in a centralized
way (one or a few organizations control the actors) or in a decentralized way
(many organizations control the actors).

Table 1.2 shows the combinations of centralized or decentralized organi-

zation of the actors in a tree seed production and distribution chain. The
combinations CCD, CDC, and DCD are theoretical only and are not used.

Figure 1.3 Production and distribution chain

Seed/
Vegetative Procurement Distribution

sources

Who finances / controls Who organizes collection / Who organizes
seed / vegetative sources? transport / processing / distribution?
cleaning / testing / storing?
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Table 1.2 Principal seed supply chains: combinations of centralized (C)
or decentralized (D)

Seed supply chains Example of operational seed supply systems

CCC NTSCs, national agricultural research organizations
(NAROs), NGOs

CCD Not applicable

CDD Community-based organizations (CBOs) and seed

dealers collecting and distributing seed from N'TSC-
owned seed sources
NTSCs contracting individual farmers to collect seed

CDhC
from government owned natural forests
DDD CBOs, and seed vendors collecting and distributing
seed from CBO-owned or farmland seed sources
DDC NTSCs, NAROs or NGOs buying and distributing
seed from CBO-owned or farmland seed sources.
DCC NTSCs, NAROs or NGOs collecting and distributing
seed from CBO-owned or farmland seed sources
DCD Not applicable

Key: Firstletter — seed source; Second letter — seed procurement; Third letter — seed
distribution

The advantages and disadvantages of the various combinations of centralized
and decentralized organization are distinct for the five types of seed sources.
For example, collection of quality seed from natural forest seed sources will,
in most cases, be handled most efficiently by a centralized production and
distribution chain. Collection of quality seed from farmland seed sources will
be handled most efficiently in decentralized chains.

It 1s likely that most trees in a farmland have their origin in a non-commercial
DDD model. This model works through slow diffusion and is not a reliable
model for the fast introduction of high-quality material to farmers. The com-
mercial DDD model is potentially the most efficient model for introducing
high-quality material to farmers, but it is rarely used and would require sub-
stantial changes to the modus operandi of governments, NGOs and projects.
Such a process would require relatively large support of information flow
between producers, distributors and consumers.

The DDC model is probably the most commonly used model by NGOs, where
NGOs organize seed collection from farmland and then distribute free seed to
farmers. The use of this model is likely to be one of the biggest obstacles to a
successful implementation of the commercial DDD model because free seed
undermines commercial efforts to sell seed.

Chapter 1: Seed Production and
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1.6

What is the role of marketing and enterprise in strategies?
We have argued above that a well-functioning seed system requires that: (1) the
actors in the system are able to track the farmers’ evolving demand for seed
and seedlings, (i1) the farmers are well-informed customers and (iii) efficient
and sustainable production and distribution chains for the species and varie-
ties in demand exist. There is no blueprint for what strategies the different
actors should follow to become most successtul within a seed system, since this
depends very much on the rules of the system.

Table 1.3 illustrates the different combinations of functions that the private
and public actors can take within a seed system. Often, seed systems are seen
as either centralized (N'T'SCs) or decentralized (NGOs or small-scale produc-
ers), but it is more productive to look at the roles the different actors could
play. Therefore instead of asking “Should the N'TSCs, research organizations
and NGOs produce and distribute seed centrally?” it may be more produc-
tive to ask “How, and to what extent, can N'T'SCs, research organizations and

NGOs support the development of a market for seed and seedlings?”

Table 1.3

Marketing and enterprise roles within a seed system

Sector
strategies

NTSC

CGIAR*

NGOs/projects

Extension

Support to
potential
customers

Direct production
or market enabler

Direct production
or market enabler

Direct production
or market enabler

Seed/seedling
source
networks

Seed/seedlings
producers

Seed traders

Associations

Species
Information
network and
marketing
Tree nurseries
as an enterprise
Seed as an
enterprise

Project clients or
market players

Competition or
facilitation

Competition or
facilitation

How to diversify

Who and how
and for whom to
develop

Kinds of support

Kinds of support

Project clients or
market players

Undermine or
facilitation

Undermine or
facilitation

How to diversify

Who and how
and for whom to
develop

Kinds of support

Kinds of support

Project clients or
market players

Undermine or
facilitation

Undermine or
facilitation

How to diversify

Who and how
and for whom to
develop

Kinds of support

Kinds of support

Advise on technologies and support market development

*  Consultative Group on International Agricultural Research
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In many countries the NTSC has the mandate for establishing seed sources
and controlling seed distribution within a centralized seed system. However,
the role of several NTSCs is changing from that of sole provider of seed to
that of facilitator in developing a private seed and seedling distribution system
(a decentralized seed system). Actors should therefore find out how the gov-
ernment 1s encouraging seed production and distribution.

One of the most important constraints to the development of a private seed
production and distribution system 1is free handouts of seed and seedlings.
Before providing free handouts the actor should first consider the impact of
this free distribution of seed to the nursery business in an area. From the
opposite perspective, if an actor is planning to set up a business, the risk should
be considered since free handouts may destroy the business.

Some of the most important criteria for success in providing good-quality
seed and seedlings are access to material of good genetic quality and channels
for promoting the advantages of using the high-quality material. An impor-
tant part of an actors’ strategy should therefore focus on how to promote the
actor’s products. Depending on the particular institutional support available
in an area (and country), you may be able to get support from various organi-
zations for both seed sourcing and the promotion of your material.

One of the lessons learned from the agricultural seed sector is that technical
support to seed production at village level usually fails to lead to viable seed
enterprises. Major reasons for failure are that there is simply not sufficient de-
mand for seed at the village level, and most of the transaction costs are covered
by NGOs and projects, making long-term seed production unsustainable.

1.7 What are the general recommendations for developing
strategies for production and distribution of crop seed?

There are differences between the biologies of crop seed and tree seed which
influence how they are produced and distributed. The main similarity is that
farmers in general do not have access to good-quality germplasm of suit-
able varieties. The major difference is that most crops are annual, while trees
and shrubs are perennial and take longer to mature and to produce seed for
the next generation; for many crops, the seed multiplication ratio (grain: seed
sown) 1s very high and seed is a considerable production cost. The multiplica-
tion ratio ranges from around 10 for potatoes to around 240 for pearl millet.
For practically all trees and shrubs, seed is a very small part of the cost of
production of the tree-based crop — in plantation forestry the cost of seed is
usually about two percent of the establishment costs.

The general recommendations for reform of agricultural seed systems are
equally relevant for agroforestry seed systems and so are detailed below.

Chapter 1: Seed Production and
Distribution Strategies
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Suggestions for policy reform

Re-examine the objectives of the seed system and evaluate which
combinations of formal, informal, market and non-market channels can
most efficiently meet farmers’ evolving demand for quality seed, and how
appropriate varieties can best be introduced into market channels that can
supply varieties and information about these varieties to farmers.
Redefine the role of government in the systems from a purely controlling
role towards an enabling role; a new collaboration between NTSCs,
NAROs and the private sector should be established.

Redefine the role of government agencies. In particular, how public and
private investments can complement each other, how various levels of seed
production — from breeding to commercial seed delivery — can best be
supported, and how emphasis can be shifted from regulation to consumer
education.

If seed system development is to be sustainable, larger efforts are required
to build local marketing institutions and government should invest in
supporting the development of a viable commercial seed sector for rural
retailers. Such support should take into account the high transaction costs
incurred when dealing with larger numbers of dispersed and relatively
1isolated small-scale farmers.

Some specific recommendations for improving agricultural seed systems that
could be considered for tree seed and seedlings systems are:

1.7.1 Increasing effective demand for improved varieties

among smallholder farmers

Build the capacity to move from homogeneous seed recommendations
to the development and dissemination of varieties targeted to specific
agroecological zones and the needs of different groups of farmers.
Strengthen extension programmes to increase farmer knowledge about the
benefits of using new seed; transmit information about farmer preferences
to researchers’ initiatives that improve post-harvest product utilization,
expand output markets and lower production risks.

1.7.2 Decreasing the cost of seed production and distribution

Promote the production of different seed commodities by seed suppliers
likely to have a comparative advantage in producing them.

Train new seed producers and reduce the cost of doing business for formal
and informal seed sector actors.

Ensure that regulatory authorities consider how their standards and
procedures may affect the costs of seed. Alternative seed quality control
systems like ‘truth in labelling’ may contribute more to the development of
rural markets than insistence on stricter quality standards.

Tree Seeds for Farmers:
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1.7.3 Improving infrastructure, rules and regulations

* Improve transport and information infrastructure, and revise or enforce
laws and regulations to lower the risks and costs of doing business in the
seed sector, especially for smaller firms and farmer groups.

* Revise seed regulations in a way that facilitates the development of a
heterogeneous, competitive group of seed producers while protecting the
rights of all producers and consumers. Many regulations were fashioned
for formal sector seed enterprises and discourage farmer-based seed
production, for example, stringent variety release procedures, plant
breeder’s rights and plant variety protection laws.

* Consider whether the international standards [set by International Plant
Protection Convention (IPPC), International Seed Testing Association
(ISTA), and International Union for the Protection of New Varieties of
Plants (UPOV)], which are viewed as ideal guidelines for trade on the
formal, commercial market, are practical to implement across sub-Saharan
Africa. Cheaper seed of adequate quality may be more marketable than
costly seed of high quality.

1.8 What are the possible roles of actors in production chains?

The activities in each of the links in the production—procurement-distribu-
tion chain can be carried out by different actors and can be supported and
controlled in various ways by the same or other actors. The following tables
llustrate the possibilities for each production phase and indicate the pros and
cons for actors being responsible for each action. The pros and cons written in
the tables are relative statements, but are intended to stimulate discussion.

An actual strategy will be based on defining the roles of the various actors.
Ideally, the seed strategy should be based on discussions held with the various
actors so that they can collaborate efficiently. There is no model seed strategy
that will be the best for every location. The actors should therefore decide on
how quality seed and seedlings can be produced in a sustainable way in their
target areas.

The following are links in the production—procurement-distribution chain:
seed source control, table 1.4; seed procurement (collection), table 1.5;
seed procurement (processing), table 1.6; seed procurement (storage),
table 1.7; seed procurement (testing), table 1.8; and seed distribution,
table 1.9.

Chapter 1: Seed Production and
Distribution Strategies
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Chapter 2:

Research

Summary

2.1

2.2

Why is research on tree seed systems needed?

Within a well-functioning seed system, both seed and certain information
about the seed is distributed to end users. Three types of information are
important: technical information, economic information and infor-
mation about partners within networks.

Research is needed within all three types of information, because we do not
know everything yet, and because research may help to improve farmers’
livelihoods through use of trees. As a key guideline, research should only be
conducted when information is not available, and when it is important to
know something;

There are two main reasons why we do not know everything yet. The first
reason 1s that a very large number of tropical tree species are used by farmers,
and that complete technical information (see Part II) is only available for some
of these species. The second reason is that tree seed systems can be organ-
ized into various ways (see chapter 1), but to date research has mainly been
conducted in the context of centralized systems. Therefore, a need exists to
conduct research on species and on organizational systems.

The type of research that is needed is mainly on appropriate technologies,
participatory approaches, production chain analyses and information path-
ways.

More on page 26

Who needs to conduct tree seed research?

In many tropical countries a national tree seed centre (NTSC) has been es-
tablished with the sole mandate for collecting, producing and distributing tree
seed. These NTSCs have been very active in conducting research on the phys-
1ology of seed and seedlings, and use of appropriate species and provenances.
Since N'T'SCs are limited in their capacity and have not conducted research
on many indigenous species, other actors of the tree sector are encouraged to
conduct small-scale research if and when there are particular problems with
a particular species.

More on page 27
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2.3

2.4

2.5

What technical research is needed?
Seed quality needs to be maintained from the moment the seed is collected
to the moment it is provided to the final user (see Part II). When information
is not available on a particular species and when this species suffers from a
reduction in quality, then research needs to be conducted. Research can be
conducted on seed sources, seed collection, seed processing, seed testing and
seed storage. Research will either focus on genetic quality or physiological and
physical qualities.

More on page 28

What technical research is needed on physiological and physical
qualities of tree seed?
The research on the physiological and physical qualities of tree seed that
has been carried out has been based within the context of a centralized tree
system. Within this context, the central institution (often the NTSC) has
access to laboratory facilities for testing seed, cold storage facilities for optimal
seed storage and well-trained human capacity for seed collection and seed
handling. In decentralized seed production and distribution systems, the tech-
nical research requirements are likely to be different from those of centralized
systems. The main concern should be the maintenance of the physiological
quality of seed under field conditions.

More on page 28

What technical research is needed on the genetic quality of tree
seed?

The establishment of appropriate seed sources is the basis for production of
quality material. Selection of the most appropriate seed source can signifi-
cantly increase tree production, since a bad seed source may result in reduced
production or even total failure. Documentation on seed sources and how
seed is collected from these seed sources is the customer’s only guarantee of
genetic quality. In some countries, seed zones that delimit the areas within
which seed can be distributed exist (species planted outside their seed zone
may result in poorly growing trees), but further research on many indigenous
species is needed in most countries.

Another area where research is needed is seed source establishment on farm-
land. Research is needed on how genetic quality can be maintained for such
seed sources, in particular, how to avoid inbreeding. Research is needed on
pollination of these species, so that trees can be arranged and managed in
ways that ensure that they receive pollen from many trees.

More on page 29
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2.7

What research on tree seed systems is needed?
Although a lot of very valuable information has been collected through
research at NT'SCs, such research was conducted within the context of a cen-
tralized tree seed system. The development of decentralized seed production
and distribution chains requires a broader understanding of organizational
development and agricultural entrepreneurship. The fundamental issues are:
* How to make seed sources profitable
* How to market seed and seedlings
* How to make viable enterprises for production and distribution
* How to maintain quality (both genetic and physiological)
* What inter-institutional links need to be maintained or developed for
longer-term implementation.
More on page 30

How should I plan and carry out research?
Research aims at overcoming problems and improving methods. Itis important
that research focuses on important problems. Some problems can be solved
by using simple tests. In other cases only research institutions and trained re-
searchers can do the more complicated research. Although not every actor in
a seed system (see chapter 1) can be expected to conduct the more complicated
types of research, actors can play an important role in providing information
about serious problems that they encounter. A good research methodology
and plan is a prerequisite for obtaining good results.

More on page 31
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2.1

Research on tree seed and seedling systems in developing countries should be
based on the context that agroforestry trees are planted by smallholder farm-
ers to improve their livelihoods and incomes.

As detailed in chapter 5, three types of information are important in well-
functioning seed systems: technical information, economic information and
information about partners within networks.

The technical aspects of tree seed are relatively simple and can be solved
by applying simple methods — such research does not have to be costly and
sophisticated. The socio-economic aspects of production, procurement and
distribution of tree seed are in most cases relatively straightforward. Within
decentralized seed production systems in tropical countries, socio-economic
research should focus on improving the capacity of local entrepreneurs to
make tree seed and seedling production and distribution a sustainable busi-
ness and on improving the capacity of farmers to become informed tree seed
customers.

Since there are around 50,000 tropical tree species, it can be expected that not
everything is known yet about the biology and uses of each species. Moreover,
domestication of tropical tree species has only recently been a topic of sci-
entific research. Therefore, further research on the domestication of tropical
tree species, and on the performance and ways of improving tree seed systems
is required.

Good research focuses on important problems and tries to efficiently solve
these problems. Some people, such as biometricians, are specifically trained
in helping others to conduct good research. It is always a good idea to discuss
research plans with them before embarking on any research activity.

Why is research on tree seed systems needed?

The generation and distribution of information is almost as important as the
collection, production and distribution of tree seed (see chapter 5). Without in-
formation, it will not be possible to set up a well-functioning tree seed system.

In short, research is needed on tree seed systems because we do not know
everything yet. As a key guideline, research should only be conducted when
information is not available, and when it is important to know a certain piece
of information. For example, when seed of a particular species has no prob-
lem germinating under its present conditions, then it is not relevant to conduct
research on germination of that species.
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There are two main reasons why we do not know everything yet. The first
reason is that a very large number of tropical tree species are used by farm-
ers, and that complete technical information (see below for types of technical
information) is only available for some of these species. The second reason is
that tree seed systems can be organized in various ways (see chapter 1), but to
date research has mainly been conducted in the context of a centralized system
through NTSCs. Traditionally NTSCs have had sole responsibility for collect-
ing, procuring and distributing tree seed. In many countries, NTSCs are no
longer the only important participants in collecting, procuring and distributing
seed and the context of research may be so different for the new participants
that the same questions need to be asked again about the same species.

Based on these two reasons, tree seed research can be categorized as species-
specific research (technical research focused on a specific tree species) and sys-
tem-specific research (research that addresses questions about how to organize
and support decentralized tree seed collection, procurement and distribution
(economic information and networks).

Since information is needed by a particular actor in a seed system, it is obvi-
ous that research will be useless if the results of the research do
not reach the actor who needs them. The need for the distribution of
information together with seed can not be over emphasized (see chapters 3, 4
and 5). It is very important that this information is available to every interested
person within the seed system, especially information that is collected by the
public sector.

Who needs to conduct tree seed research?

In many tropical countries, NTSCs have been established with the mandate
for collecting, producing and distributing tree seed and for conducting re-
search on tree seed. Many of these NTSCs have actively conducted research
into the physiology of seed and seedlings, and the use of appropriate species
and provenances. Often, the research was done in partnership with institu-
tions such as the DANIDA Forest Seed Centre (DFSC), the Australian Tree
Seed Centre, the International Plant Genetic Resources Institute (IPGRI), the
Oxford Forestry Institute (OFI) and the World Agroforestry Centre (ICRAF).
Although the NTSCs have done a very good job in conducting species-specific
tree seed research, only a limited number of species has been investigated.
Moreover, the current wave of privatization of NTSCs may further limit the
amount of research conducted. It is likely that NT'SCs will primarily conduct
research on economically important species, thus leaving out many indigenous
species that may be only locally important. [There are notable exceptions,
however. The Tanzania NTSC, for example, published a book on the seed
germination of indigenous trees (Msanga, 1998)].
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2.3

2.4

For these reasons, other actors in the tree seed sector (for example, NGOs) are
encouraged to conduct small-scale research activities if and when there
are particular problems with a particular species.

As we saw earlier, there are research needs for system-specific questions. The
NTSC can also play a role in answering these questions. Ideally, such research
should involve other actors, where questions are generated and answered
within networks rather than by isolated actors. The research should also re-
spond to questions that arise in the extension system (see chapter 3).

What technical research is needed?

Seed quality needs to be maintained from the moment the seed is collected to
the moment it is provided to the final user. Part II of this Toolkit is devoted to
technical issues involved in maintaining seed quality. Much of the informa-
tion that is provided there was based on research conducted by NTSCs.

So, when information is not available for a particular species and
when this species suffers from quality loss, research needs to be con-
ducted to maintain seed quality.

Particular aspects that may need research are:

* Seed sources: genetic quality (see chapter 7).

* Seed collection: genetic quality, physiological and physical qualities
(see chapter 8).

* Seed processing: physiological and physical qualities (see chapter 9).

* Seed testing: physiological and physical qualities (see chapter 14).

* Seed storage: physiological and physical qualities (see chapter 10).

It is important to determine where a particular problem with a particular
species occurs. Documentation and the development of guidelines and pro-
cedures for handling of tree seed are therefore very important since these can
indicate when and where a particular problem has occurred. The problem
could then potentially become a research question if there is no explanation
for it in the documentation.

What technical research is needed on the physiological and
physical qualities of tree seed?

Research on the physiological and physical qualities of tree seed has predomi-
nantly been carried out within the context of a centralized tree system. In
this context, the central institution (often the N'T'SC) has access to labora-
tory facilities for testing seed, cold storage facilities for optimal storage
of seed, and well-trained human capacity for seed collection and seed
handling.
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In decentralized seed production and distribution systems, the technical
research requirements are likely to be different from those of centralized
systems. The main technical research concern should be the maintenance of
physiological quality under field conditions.

Because most of the past research was conducted within the context of a cen-
tralized tree system, much of the technical information that is provided in the
second technical part of this Toolkit was also produced within this context.
This research assumed that near optimal conditions are available for produc-
ing the highest quality seed. It may be that seed of acceptable (not the lowest
and not the highest) physiological and physical quality will be the best in many
situations.

What technical research is needed on the genetic quality of
tree seed?

The establishment of appropriate seed sources is the basis for produc-
tion of quality material (see chapter 7). Selection of the most appropriate seed
source can significantly increase tree production, since a bad seed source may
result in reduced production or total failure. Documentation on seed sources
and collection from these sources is the only guarantee for genetic quality.

One of the essential requirements for successful plantings is a good knowl-
edge of how to match species and provenances with planting sites. This is
a basic requirement for utilizing genetic potential. Most N'T'SCs have used
seed zones (see chapter 6) for selection and management of seed sources.
The seed zones are ‘common sense’ tools that can be used to construct a sys-
tem of homogeneous environmental zones (ecologically similar areas), where
the general rule is not to move seed from its sources across to different zones.
This will reduce the risk of failures caused by planting material that is not well
adapted to an area.

A local seed source may, however, not always be the best performer at a
given site, because local seed sources may not actually be the best adapted.
Especially when economically important traits are taken into consideration,
non-local seed sources may produce more valuable products. However, find-
ing an alternative, non-local, better seed source requires substantial resources
such as wide-range seed collection, establishment of (maybe repeated) trials in
the specific environments, evaluation and analysis, and time. The long-term
performance of local seed sources is known, therefore, non-local seed sources
should in general only be used as an alternative to viable local seed sources if
the choice 1s based on solid testing:
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Farmland and natural forests are two distinct areas where research is needed
on seed source establishment. NTSCs have traditionally based definitions of
quality for seed sources on rules that have been developed for plantation spe-
cies in temperate areas. These rules are not really useful for trees that grow
outside plantation blocks.

Because of deforestation, the majority of trees of promising indigenous spe-
cies can now only be found in degraded natural forest or on farmland. The
future seed sources for many species (both indigenous and exotic) that are now
introduced to farmers will be from trees that grow on farmland. Research on
how genetic quality can be maintained for such seed sources, in particular on
how to avoid inbreeding, is needed. Research on the pollination of these spe-
cies 1s therefore needed so that trees can be arranged and managed in ways
that ensure continued pollen exchange from many trees. Research on bulking
of seed from different mother trees, so that it has suitable levels of genetic
diversity should also be conducted.

What research on tree seed systems is needed?

As detailed above, most research in the past has been conducted through
NTSCs. Although a lot of very valuable information has been collected so
far, NTSCs based this research on a centralized tree seed system. Therefore,
this research has mainly focused on raising awareness of the importance of
tree planting, and marketing of tree seed from a central location.

The development of decentralized seed production and distribution chains

requires a broader understanding of organizational development and agricul-

tural entrepreneurship. The fundamental questions are:

* Howdowe make seed sources profitable? Depends on the type of tree species
and the development of networks for the sale of seed and seedlings.

* How do we market seed and seedlings? Includes how information is made
available and how production chains are arranged.

* How do we make viable enterprises for production and distribution?
Address training requirements and appropriate networks.

* How do we capture farmers’ innovations and adaptations of technology?
This issue needs to be validated by formal research.

* How do we maintain quality (both genetic and physiological)? Quality
standards are determined in this context.

* What inter-institutional links need to be maintained or developed for
longer-term implementation? The relationship between public and private
sector initiatives needs to be addressed.

Tree Seeds for Farmers:
A Toolkit and Reference Source



2.7

Social research on tree seed systems therefore needs to address several issues
that are significant to the production and marketing of smallholder farm
products. Of particular relevance is the question of how participants’ busi-
ness skills can be improved. Part III of this Toolkit is devoted to this topic for
this reason.

Currently, there are no blueprints on how a decentralized system should be or-
ganized, although some insights can be obtained from crop seed systems (see
chapter 1). This is particularly so when the objective of the tree seed system is
also to reach poor farmers, and to provide seed suitable for a range of agro-
ecological environments.

How should I plan and carry out research?

Good research focuses on important problems and uses an efficient way of
obtaining solutions to these problems. Good research focuses on what is im-
portant to know, not just on what would be nice to know. Good research also
uses cost-effective methods to obtain useful results. Before you start conduct-
ing research, it is important to find out whether somebody else has already
investigated the same or similar problems, so that you can avoid investigating
something that is known already (re-inventing the wheel).

Experts, such as biometricians, are specifically trained in helping others to
conduct good research. It is always a good idea to discuss research plans with
them before embarking on any research activity. Involving biometricians at a
later stage in the research (for example, when the results are analysed) is very
risky since the method of data collection may not suitably address the specific
research question.

In this chapter, we have discussed some of the major problems in tree seed sys-
tems. Effective research depends on good technical skills (biological knowledge
and social understanding), good people skills (management and extension) and
good administration of inputs (information and money).

Some of the problems can be overcome by using simple applied research,
while in other cases, only research institutions and trained researchers can
do the more complicated controlled tests and interpret results. Although not
every actor in a seed system (see chapter 1) can be expected to conduct more
complicated types of research, actors play an important role in providing
information about important problems to researchers. For example, a CBO
can inform a research institute about problems with the germination of a par-
ticular species. It is therefore crucial that information flows from researchers
to users of information and vice versa.
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A good research methodology and plan is a prerequisite for obtaining good
results. There are many guidelines for planning and carrying out research. An
example of a research protocol that specifically targets tree seed is the desicca-
tion protocol for handling and storage of seed of high-value indigenous tropi-
cal tree species (DFSC and IPGRI, 2000). An example of a general checklist
for preparing protocols for experiments with farmers has been prepared by
ICRAF (Coe, 1999). A thorough discussion of research methods is beyond
the scope of this Toolkit. The most important thing is to contact specialized
people such as biometricians before starting any larger-scale experiments. It is
also essential to know clearly what problem is being investigated and how the
results may be useful.
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Chapter 3:

Extension

Summary

3.1

3.2

3.3

3.4

What is extension?

Extension has been described as a non-formal education that aims at reaching
people in their own context and life situations. Through extension services,
people identify and assess their own problems and needs; they are enabled to
cope with them and they are also inspired to take certain actions. To ensure
success and sustainability of extension programmes and any development
venture, active participation of the beneficiaries is important.

More on page 38

How have the extension approaches and methods evolved over

the last four decades?

Extension theory and practice have evolved over the past four decades from

transfer of technology in the 1960s and the 1970s, through farming systems

approaches in the 1970s, and participatory technology development in the

1980s, to facilitating participatory social learning in the 1990s and the 2000s.
More on page 38

What are the main sources of extension services?
* Conventional public extension services (governments and NGOs).
* Farmer-led extension initiatives.
* Private extension services.
* Extension through nursery operators and seed dealers.
* Extension through CBOs.
More on page 38

What is the role of extension services in the diffusion of
information and technologies?
Extension services assist people in identifying and assessing problems and
needs that affect them. Extension services help people to access knowledge
and skills. They also inspire people to solve their problems and meet their own
needs.

More on page 39
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3.5

3.6

3.7

3.8

Why should farmers be involved in the provision of extension
services?

To ensure that whatever interventions in extension and development are rel-
evant to the targeted communities, farmers’ knowledge, skills and innovations
should be tapped, developed further and incorporated into extension messages.
Farmers need to be empowered to be competent in sharing information and in
developing practical solutions. Active involvement of farmers is also useful in
complementing the efforts of the main extension providers and in decentral-
izing the provision of extension services. Thus, farmers’ involvement makes
extension more effective, responsive and accountable. Nursery operators and
seed dealers often make excellent farmer extensionists. They help to simplify
complex technical information through the use of local language and adapt
and facilitate the two-way flow of communication to fit the local situation.

More on page 39

What are the key issues in the scaling-up process?
The scaling-up process includes: building strategic partnerships, mobilizing
the required resources, strengthening the technical capacity of local institu-
tions, sharing information, emphasing farmer-centred research and extension,
availing technical intervention options, inputs and market access and develop-
ing enabling policies.

More on page 40

What extension approaches are used to scale up agroforestry
practices?
* Training and visits (T'&V) extension approach.
* The farming systems approach (FSA).
* The contact group approach.
* Farmer field schools (FFS).
* The Landcare Programme.
» Campesino a Campesino (Farmer to Farmer) in Central America.
* The ‘Mirror technique’ in extension: Experiences from Kenya Wood Fuel
Agroforestry Programme (KWAP).
More on page 40

Which extension methods and tools are used to scale up
agroforestry practices?

* Demonstrations.

* Tield days.

* Farmer tours.

* Exchange visits.

* Farm visits.

* Official meetings at community level.
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3.10

3.11

3.12

* Meetings.
* Observations.
* Discussions.
* Training.
» Agricultural shows.
* Learning resource centres (LRCs).
More on page 42

What factors limit the delivery of extension services?

Diminishing resource allocation, use of imappropriate extension methods and

low extension staft’ coverage have caused a decline in the delivery of extension

services over the years. The declining extension coverage has led to an in-

crease in demand for food. Innovative extension approaches that incorporate

the principles and practices of participatory extension are therefore a must.
More on page 45

What are participatory approaches and how can they be
implemented?
Participatory approaches involve building partnerships and alliances between
the extension providers and the recipient community. The role of each stake-
holder is recognized and articulated at all stages of project implementation.
Participatory approaches also involve capacity building at grassroots levels
and entrepreneurial skills development. Such approaches encourage commu-
nities to effectively harness local resources and their own capabilities. A close
working relationship between various stakeholders is therefore necessary.
More on page 45

Whom do you target in participatory extension approaches?

* Grassroots level communities.

* Special focus groups such as youth, women groups, or people living with
and affected by HIV/AIDS.

* Entrepreneurs at all levels, from grassroots to national.

* Individuals with special technical needs such as group leaders and
committee members.

More on page 46

What general problems are common in extension systems?
Agricultural and forestry extension services are complex and have a wide
scope, making it difficult to measure their impact. Extension services gener-
ally lack accountability to their clients (farmers) and also lack reward systems.
They suffer from political interference, insufficient funding and links to infor-
mation sources and markets.

More on page 46
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3.1

3.2

3.3

Extension plays an important role in the adoption of new farming innova-
tions and practices all over the world. Extension service providers range from
governments, NGOs and the private sector to non-conventional providers
such as farmer organizations and individual entrepreneurs. Different exten-
sion approaches and methods have been tried in different parts of the world
with varying levels of success. The participation of the beneficiaries in design-
ing, implementing and monitoring extension activities is critical to the success
of any extension initiatives.

What is extension?

Extension is a non-formal education that aims at reaching people in their own
context and life situations. Through the help of extension services, people
identify and assess their own problems and needs; they are enabled to cope
with them and they are also inspired to take appropriate action. However, the
low performance of public extension services hinders the realization of these
benefits. Active participation of the beneficiaries is necessary for the success
and sustainability of extension programmes and development ventures.

How have extension approaches and methods evolved over
the last four decades?

Extension theory and practice have evolved over the past four decades from
transfer of technology in the 1960s and the 1970s, through farming systems
approaches in the 1970s, and participatory technology development in the
1980s, to facilitating participatory social learning in the 1990s and 2000s.

What are the main sources of extension services?

3.3.1 Conventional public extension services

Mainly provided by governments and NGOs as part of a public good, con-
ventional public extension services aim to increase or sustain production of
food and other essential commodities.

3.3.2 Private extension providers

Private extension providers promote selected commodities that generate good
profits and are usually provided on demand by producer organizations. They
meet specific market needs. However, smallholder farmers may not be able to
afford their services. In Kenya, private extension is successful in the provision
of services to the veterinary and horticulture sectors.
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3.3.3 Extension through CBOs

Members of farmer groups, associations and cooperatives disseminate infor-
mation and planting materials to other farmers. A good example is the Dairy
Goat Association of Kenya (DGAK), an umbrella group that promotes the
keeping of dairy goats and related aspects such as goat feeding, breeding and
health care in the East African region.

3.3.4 Farmer-led extension initiatives

This method of extension depends on ‘farmer-extensionists’ and good sup-
port from the main extension providers. In agroforestry, farmer-extensionists
include nursery operators and seed dealers (see chapter 19).

Individuals or farmer groups take the initiative of selling seed and seedlings.
This involves aggressive promotion and marketing campaigns. The seed
dealers and nursery operators are usually well linked to extension and re-
search services; therefore, they get information on seed and seedlings that are
in demand in a given area. Successful farmer-to-farmer extension has been
witnessed in different parts of the world (see chapter 19).

What is the role of extension services in the diffusion of
information and technologies?

» Extension services assist people to identify and assess their own problems
and needs.

* Extension helps people to access the required knowledge and skills to cope
with problems and needs. It also inspires people to solve their problems and
meet their needs.

» Extension services are a necessary ingredient of agricultural development
because they improve the quality of agricultural labour by educating
farmers. This education leads to increased productivity and marketing.

» Extension services facilitate the diffusion of improved farming practices
among the farmers and ultimately improve livelihoods over a wide area.

Why should farmers be involved in the provision of
extension services?

* The involvement of farmers in extension ensures that their knowledge,
skills and innovations are tapped, developed further and incorporated into
extension messages that are relevant to the local situation.

* Information sharing among farmers decentralizes the provision of extension
services. Farmers come up with practical solutions that address the local
situation regarding the environment, social and economic issues.

* Farmer-extensionists use the local language to simplify complex technical
information, and adapt the messages to fit the local situation.
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3.7

* Farmers are empowered to solve their own problems without outside
intervention.

* Farmers’ involvement makes extension more effective, responsive and
accountable to the clients (farmers) and less costly to governments.

* Farmer-extensionists complement the efforts of the main extension
providers, especially where there is low coverage by main extension staff.

* Improved interaction between farmers and extension agents is likely
to lead to the development of better communication channels for local
communities.

What are the key issues in the scaling-up process?

Scaling-up involves expansion and replication of practices and innovations to

reach out to more people in a wider geographical area. Scaling-up increases

the level of impact. The key factors for scaling-up include:

* Building strategic partnerships and alliances.

* The presence of appropriate and enabling policies.

* Mobilizing the required resources.

* Building the technical capacity of local institutions.

* Facilitating the sharing of information, knowledge and skills.

* Putting emphasis on farmer-centred research and extension approaches.

* Providing a wide range of technological options for farmers to choose
from.

* Availing the necessary inputs, such as improved germplasm and at places
that farmers can access and at prices that they can afford.

* Building on lessons from past successes and failures, rather than reinventing
the wheel.

* Making information available on market options and access.

What extension approaches are used to scale up
agricultural practices?

Donor agencies such as the World Bank, Food and Agriculture Organization
of the United Nations (FAO) and International Fund for Agricultural
Development (IFAD) have funded the implementation of several extension
approaches, mainly through government extension services. Some of these
approaches include:

3.7.1 Training and visits (T&V) extension approach

This approach was sponsored by the World Bank and implemented by public
extension systems managed by governments. It involves frequent farm visits by
extension staff who give advice and train selected farmers (contact farmers).
The farmers in turn train other farmers in their neighbourhoods (follower

Tree Seeds for Farmers:
A Toolkit and Reference Source



farmers). The T&V extension approach is quite successful (particularly in
South East Asia) in the context of single commodity irrigation schemes, where
timeliness of operations is necessary for cropping success. In Africa however,
partly due to the diverse nature of the farming systems, the multiple enter-
prises on farms, and the complexity of farmers’ risk-averse decision making,
the single message extension content of this approach is less successful. T&V
critics also argue that this extension approach targets ‘the wrong contact farm-
ers’ and concentrates resources on a few individuals (contact farmers).

3.7.2 The farming systems approach (FSA)
FSA emphasizes a holistic approach whereby research or extension staff joint-
ly focus on all problems and issues related to farming activities in an area.
This calls for the multidisciplinary participation of various stakeholders. FSA
requires complex logistical arrangements to mobilize available resources and
to ensure the participation of different stakeholders.

3.7.3 The contact group approach

The focus in this approach is common interest groups (CIGs) that are involved
in addressing a particular issue that affects the group members. This approach
assists the implementers in reaching many people using less resources and
time; for instance when undertaking farmer training and meetings to evalu-
ate the potential impact of a given technology. The CIGs approach has the
advantage of efficient use of scarce resources and time. It provides the oppor-
tunity for farmers to exchange information through farmer-to-farmer exten-
sion methods, leading to a high multiplier effect on technology diffusion and
adoption.

3.7.4 Farmer field schools (FFS)

The FFS is comparable to a classroom without walls; farmers meet under a
tree or in other convenient places to discuss their problems and to develop
solutions for these problems. FF'S emphasize learning through experience.
The farmers, with the help of extension or research facilitators, identify issues
that they can solve on their own, and issues that require external assistance.
Discussion topics are guided by seasonal cropping or livestock rearing calen-
dars. Farmers gain and accumulate knowledge and skills through experience
and hands-on activities. The FF'S has been quite successful in integrated pest
management (IPM) programmes in Asia and Africa.

3.7.5 The Landcare Programme in Australia

This initiative was started in Australia in the mid 1980s as a land protection
programme based on community participation and holistic land manage-
ment principles. The programme was mainly implemented through Landcare
groups. The groups were formed by volunteers who wanted to improve the
long-term health of the land. Landcare provides training to the facilitators
and coordinators. High profile and committed political leadership supports
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3.8

the grassroots communities to ensure the success of programmes. Farmer-
prioritized research expenditure is one of the core elements of the Landcare
approach. The programme is also being implemented in the Philippines,

South Africa and Uganda.

3.7.6 Campesino a Campesino (Farmer to Farmer) in Central
America

This type of farmer-to-farmer extension approach is widespread in Central
America. The approach was first developed in Nicaragua as a solution to
the top-down transfer of technologies. It is now widely practised by poor
farmers in Nicaragua and Mexico. The approach promotes the culture of
inquiry, innovation, experimentation and knowledge-sharing among small-
holder farmers, since it involves farmer promoter-teams. Farmers exchange
experiences through traditional communication methods such as drama,
poetry, music, exchange visits and participatory rural appraisals (PRAs). The
movement has influenced NGOs to adopt some of its methodologies, thereby
shaping the approaches of many NGOs in that region.

3.7.7 The Mirror Technique in extension: Experiences from

KWAP

The Kenya Woodfuel and Agroforestry Programme (KWAP) championed this
method. KWAP, a development organization that operated in western Kenya
in the 1980s and 1990s, involved farmers in providing extension services using
traditional communication systems. It used drama, role play, proverbs, poems,
traditional songs and dances that ‘mirrored’ back the problems facing the
community. KWAP helped to create mass awareness on issues such as farm-
ing, environmental conservation and community health (for example, HIV/
AIDS and other communicable diseases). The method encouraged discus-
sions at household and society levels. It made people open up and discuss
sensitive issues that are often surrounded by myths, taboos and social norms
that hinder the adoption of sound practices and innovations. This technique
was successful in overcoming the cultural barriers that hindered women from
planting trees within some western Kenya communities.

KWAP had a strong component of monitoring the impact of projects. The
Mirror Technique was used in farmer meetings, field days, agricultural shows,
public rallies and farmer meetings (defined in the section below). The tech-
nique both entertains and educates people at the same time.

Which extension methods and tools are used to scale up
agroforestry practices?

Extension methods have a lot of similarities since all involve interactions
between farmers and resource persons (extension workers, researchers and
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farmer-extensionists). The following methods can be applied in any of the
extension approaches described above.

3.8.1 Demonstrations

A form of training by displaying how a technique works at an institutional
farm, on public land or in a farmer’s field. During a demonstration session,
farmers are encouraged to try out certain skills on their own but must follow
a given set of guidelines, for example, practising grafting fruit trees or sowing
seeds in a nursery bed.

3.8.2 Field days

Farmers meet resource persons such as innovative farmers, extension workers
or researchers to discuss important topics. Field days often involve discussions,
displays and demonstrations on a set of technologies in the farmer’s field, re-
search or extension demonstration plots. In most cases field days involve many
participants and resource persons. They are also used to promote the use of
certain products and practices.

3.8.3 Farmer tours

These are planned visits by a group of farmers to one or more farms where
the farming practice or technique being promoted is working well. Farmers
and resource persons engage in discussions, observations and interactions.
Farmer tours are a very effective extension tool. The visits could be to nearby
sites or even in different countries.

3.8.4 Exchange visits

Farmers from one village visit farmers from another village, and later on the
visiting is exchanged. These visits can also take place across international bor-
ders. Often, information, skills and planting materials are exchanged between
the hosts and the visitors. Several exchange visits have been conducted be-
tween Kenyan, Tanzanian and Ugandan farmers and extension staff.

3.8.5 Farm visits

These are organized routine visits to see the farms where researchers, exten-
sion and development workers are undertaking activities with the farmers.
The main purpose of the visit is usually to monitor and evaluate the perform-
ance of farming technologies or practices being promoted. Discussions and
observations are used in this process. The alternative to this method would be
the distribution of audio-visual materials such as leaflets, video tapes or listen-
ing to radio and watching television programmes with specific messages.

3.8.6 Official meetings at community level

These are meetings for the community organized by government administra-
tors. They usually involve different government departments and organizations
that operate in an area.
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3.8.7 Meetings

These can be formal or informal and can be targeted to specific issues or can
be more open. One person is appointed to coordinate and moderate the dis-
cussions. Meetings are held to discuss upcoming plans, to resolve issues or to
monitor progress and identify group or community needs. In some cases, the
proceedings of such meetings are recorded.

3.8.8 Observations

Dissemination methods such as farmer visits, tours and demonstrations help
farmers observe how certain practices are carried out, and to easily replicate
them on their own farms. Observation is used together with other tools.

3.8.9 Discussions

This 1s the most common vehicle through which information is shared because
it 1s the most flexible and responsive way to handle a variety of information
needs. Field staff’ use discussions to gather information from farmers and to
provide answers to questions from the farmers. It is through discussions that
farmers share information among themselves and with external agencies.

3.8.10 Training

This 1s a general term that covers all aspects of passing knowledge and in-
formation to farmers or staff. It may involve other dissemination methods
already discussed, such as demonstrations, tours and field days.

3.8.11 Agricultural shows

These are fairs organized to create awareness and promote certain practices
and products. They usually involve display and sales of agricultural produce.
The shows are characterized by official speeches, entertainment and learning,
In Kenya they are undertaken annually at regional level.

3.8.12 Learning resource centres (LRCs)

LRCs are set up close to the learners and are equipped with reading and
demonstration materials that the learners can easily access. The LRCs can be
in a farmers’ training centre (F'T'C), a school, a building or section of a build-
ing set aside by the community. LRCs that have access to an electricity grid or
solar power can be equipped with radio cassettes, videos, DVDs, and internet
connection. The use of information and communication technologies (IC'Is)
in learning centres can greatly enhance the interactivity of the learning expe-
rience and familiarize the learners with a variety of multimedia.
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3.9 What factors limit the delivery of extension services?

Delivery of extension services has been declining over the years due to:

* Diminishing resources from governments and donor communities.

* Use of inappropriate extension approaches and methods that are not well
adapted to meeting the changing needs of farming communities.

* Decreasing extension coverage as a result of the increasing population
in relation to the decreasing number of extension staff’ resulting from re-
trenchment and low staff’ recruitment.

The paradox is that low extension coverage results in increased demand for
food, which in turn calls for improved and innovative extension approaches.

3.10 What are participatory approaches and how can they be
implemented?

Participatory approaches involve the development of partnerships and alliances
between extension providers and recipient communities. The role of each
stakeholderis recognized and articulated at all stages of project implementation.
Many development agencies prefer participatory approaches in research and
extension but most practitioners find the approaches difficult to implement.
Participatory approaches lead to the enhancement of the community’s social
welfare and economic empowerment.

The main components of participatory approaches are: capacity building at
grassroots levels, entry through focus groups, and entrepreneurial develop-
ment.

Capacity building at grassroots levels should empower local communities to
identify and analyse their problems, develop ways and means to overcome
these problems, and meet their needs using local resources.

Specific interventions can initially be tested with focus groups before dissemi-
nating them on a wider scale. Focus groups also help in overcoming obstacles
that hinder development by demonstrating the successes of a given set of
interventions.

Extension agents should strive to develop an entrepreneurial culture through:

* Identifying marketable products, developing the uniqueness of a product
and continuously refining that product.
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Finding innovative ways of utilizing local raw materials to produce
appealing new products or concepts.

Developing effective marketing strategies capable of carving out a market
niche for the new products or concepts.

Advocating the development and implementation of policies that protect
local producers. These may include levies on imports and patenting of
local innovations and products.

Participatory approaches can be implemented in the following ways:

Sensitizing a community to form its own development vision and work
towards a mission of realizing the ideals of perceived change and
development.

Ensuring that the extension agent works hand-in-hand with the beneficiaries
at all stages of development.

Encouraging communities to trust and have confidence in their own
opinions and capabilities.

Promoting the conceptof firstharnessing local resources in solving problems
before looking for external interventions. This encourages communities to
be the key determinants of their own development and future.
Encouraging the use of bottom-up planning processes and developing an
entrepreneurial culture.

3.11 Who do you target in participatory extension approaches?

The main categories of potential beneficiaries of extension interventions
include:

Grassroots-level communities.

Special focus groups such as youth and women’s groups, school environ-
mental and agricultural clubs.

Entrepreneurs at all levels from grassroots to national.

Individuals with special technical needs such as project committee leaders,
retirees and people living with and affected by HIV/AIDS.

3.12 What general problems are common in extension systems?

Extension systems suffer from some of the following problems:

Agricultural and forestry extension are complex and wide in scope, making
it difficult to delineate the extent of issues covered by extension staff.

It may be difficult to measure the impact derived solely from extension
services since some of the impact results from other interventions.

Lack of political support to extension services and the exposure of extension
staft to political interference may lead to low morale.
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Lack of accountability of extension agencies to farmers.

Lack of structures and mechanisms that recognize, reward and benefit
good performers as well as penalizing and reprimanding bad performers.
Insufficient resources to enable long-term planning and impact of extension
services.

Poor links of extension staft to established sources of new information and
technologies such as research centres and universities. Extension staff’ may
also lack essential facilities such as regularly updated library materials and
internet connections.

Poor links, market knowledge and negotiation skills, and orientation to
markets to meet the challenges of liberalized global markets.
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Chapter 4:

Training

Summary

4.1

4.2

Why is training on seed systems important?
Seed production and distribution are as old as agriculture and forestry them-
selves. High-quality seed or other types of germplasm are the prerequisite
to obtaining good plant yields. In agriculture and forestry, the introduction
of good seed systems is becoming increasingly complicated as a result of
artificial interventions to obtain better seed and germplasm, intellectual prop-
erty rights, commercialization, distribution across borders, and policies and
regulations related to seed production and distribution. Tree seed collection,
production and distribution have become more and more commercialized in
many countries. Training to improve the knowledge and skills of all the actors
in seed systems 1is therefore necessary. In agroforestry, however, especially as
far as certain low-value species are concerned, there is less interest in rigor-
ous commercial seed production and it is often the farmers, communities or
NGOs who are dealing with this process. It is therefore even more impor-
tant to train those involved so that they have the right knowledge, skills and
attitudes needed to produce good-quality seed and planting materials.

More on page 53

How do we determine the need for training on seed systems?
In order to be effective, training on seed systems must be based on needs,
opportunities and constraints experienced by the learners. Training needs
identification (IT'NI) is a broad process that studies the overall performance
of a system or an institution in order to identify areas for improvement.
TNI ascertains that a training need exists and that the particular problem is
responsive to training. Training needs assessment (I'NA) analyses the causes
of a problem, establishes the impact of the problem and clarifies the vari-
ous situations that must be treated if the problem is to be successfully solved.
Good TNA is a demanding process that requires good critical and analytical
skills and a systematic delivery. TINA also requires skills in basic communica-
tion, interviewing, observing, data collection and recording, data analysis and
reporting.

More on page 54
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4.3

4.4

How do we organize a short training event on seed systems?
Once the various target groups’ needs for training and learning have been
identified and assessed, trainers develop clear training aims and objectives.
Trainers should develop a specific training curriculum framework that provides
the shape, direction and overall approach for the training event. Objectives
must be SMART — specific, measurable, attainable or achievable, relevant or
realistic and time-bound. For example, a vague objective that reads “Learners
will understand seed storage conditions” is not so good as “After visiting a
seed storage facility, learners will be able to list and explain conditions that
affect seed storage”. Quite often, it will be useful to involve the learners in the
identification and development of learning objectives or outcomes. Trainers
also need to consider the content, methods and materials for such a course
framework, which will facilitate learning and achieving the identified objec-
tives and learning outcomes. When selecting content, it is necessary to keep in
mind what knowledge, skills and changes in attitude or behaviour are required
and referred to in the learning objectives and outcomes. Knowledgeable and
experienced resource persons are of paramount importance for any successful
learning event. Good resource persons will make use of a variety of methods
and approaches to make sure thatlearning takes place. Approaches that actively
engage the learners, especially adult ones, always work better. Trainers also
need to make sure that a training event takes place under optimal conditions,
taking into account that the learners will mostly be adults who have certain
levels of knowledge and skills, as well as attitudes, which may need to change
as a result of the training.

More on page 59

What happens after training and learning have taken place?

At the end of a training event, better on-the-job performance should be
achieved since learners will have acquired the required knowledge and skills
and changed their attitudes and behaviour. Therefore, providing follow-up
activities and assessing the impact of training in order to improve its effective-
ness are very important.

More on page 66
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Introduction

4.1

Building and developing the capacity of the different actors involved in the
sourcing, production and distribution of tree seed for farmers aims at impart-
ing knowledge and skills, as well as changing attitudes and behaviour. Merely
producing and distributing tree seed to farmers only helps a limited number
of communities in the short term. However, teaching farmers how to success-
fully produce and distribute their own tree seed provides the much-needed
long-term sustainability needed to implement agroforestry interventions. Such
training has to be based on training needs identification and assessment. This
chapter suggests some methods and approaches that can be used to develop
learning events. Follow-up after learning has taken place determines whether
the training has achieved its intended impact.

Why is training on seed systems important?

As indicated in chapter 1, there are many different ways and actors involved
before tree seed reaches its ultimate destination. At the more organized and
often commercial levels, seed systems are operated by people who have the
knowledge, skills and attitudes required to produce and distribute high-qual-
ity seed and other planting materials. This is mostly the case for high-value
agricultural crops and forestry species. However, agroforestry seed production
and distribution rarely attract the same level of interest and sophistication.
The actors in these seed systems may not always have the necessary training
nor attitude, increasing the risk of low-quality seed or planting materials. The
overall result 1s the poor performance of the agroforestry interventions and
technologies that the tree species are meant to support. Some people may
not know how to source or produce tree seed from agroforestry tree species;
they may also have problems harvesting, collecting or storing such seed. The
best solution to this lack of knowledge, skills and attitudes is training and
extension. Through training and extension, seed system actors will become
knowledgeable about breeding, multiplication, harvesting, processing, storage,
distribution, marketing and all other aspects of sustainable seed systems.

Local authorities, national governments and international bodies have devel-
oped policies, legislation, rules and regulations that aim to protect producers
and consumers from unscrupulous seed collectors, producers or distributors.
For example, intellectual property rights protect those who have invested in
producing better quality seed in terms of production and resistance to pests,
diseases and adverse growing conditions such as drought, salinity, tempera-
ture extremes and so on. Plant quarantine regulations ensure that pests and
diseases are not spread from one country to another thus putting food or tree
production at risk. Trading in seed is often subject to strict requirements in
terms of storage, packaging and labelling. As a result, even those who are not
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4.2

directly involved in collection or production may also require some form of
training to ensure that their actions do not adversely affect other actors.

It is therefore important to understand the working conditions under which
these various actors perform their activities and duties and to identify po-
tential problems that affect their performance. These problems can then be
addressed through some form of training or learning in the form of short
courses, workshops, seminars, practicals and learning materials development.
Only knowledgeable, skilled, experienced and well-trained staff working in
seed systems can ensure that the ultimate user of tree seed and other planting
materials fully benefits from their work.

Training and extension on seed systems go hand-in-hand since training is
an integral part of a good extension strategy. Both extension staff’ and the
beneficiaries of extension services need some form of training or capacity
strengthening. A training-of-trainers (TOT) approach can be used to train
extension staff on seed systems and also on conducting a needs assessment,
developing and implementing training events and monitoring and evaluation
of projects. This knowledge will help extension staff to further train other
seed systems actors.

How do we determine the need for training on seed
systems?

The process of understanding the conditions under which the various actors
in a complex seed system operate, the ways that they undertake their roles and
responsibilities, the way they perform their activities and duties, their relation-
ships, the outcomes of their actions, the problems and constraints that they
face, and the ways in which these problems and constraints can be addressed
through learning, is known as training needs analysis (IINA). There are three
main stages of a TINA (see figure 4.1).

Stage 1: Situation analysis

This is the process of identifying and understanding the current seed system,
the key actors, and the political, institutional (social and cultural), ecological
and economic circumstances in which they operate. The aim is to gather and
document as much relevant information as possible on current activities and
trends, future prospects, the roles and relationships between actors, and their
expectations, challenges, limitations and opportunities. At this stage, the em-
phasis is on organizations and other groups, although some individuals may
be influential enough to warrant special attention.

Stage 2: Needs identification

This is the process of identifying how the performance of individuals who
are undertaking, or are expected to undertake, specific roles and responsi-
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Figure 4.1

Training needs assessment (TNA)
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bilities may be improved through learning. The aims are to identify specific
challenges that can be addressed through training and available options and
opportunities for training, and to recommend appropriate roles for organiza-
tions that can provide the required training or learning resources.

Stage 3: Evaluation

This is the repeated process of obtaining feedback from the actors and other
stakeholders in the system about the training options that have been devel-
oped. The aims are to determine if the recommendations made after needs
identification are valid; that is, able to alleviate the problems and constraints
identified during situation analysis, and whether the options and opportuni-
ties that have been proposed or used are appropriate.

4.2.1 What are the key steps in situation analysis for TNA?
Situation analysis is a process of collecting, reviewing and interpreting data
and information with the aim of coming up with some conclusions about
current circumstances. The following steps mostly refer to situation analysis
involving actors of formal seed systems. It is important not to ignore those
active in more informal seed systems, even though such systems are less struc-
tured and documented.
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Step 1: Defining the scope of analysis

It is important to identify the main targets and limits of the study using speci-

fied criteria. These criteria may include:

* Geographic criteria: restricting the study to a particular country, or a
province, district or agroecological zone in a country.

* Sectoral criteria: restricting the survey to institutions and organizations with
formal mandates for forestry, agriculture, marketing or seed production.

* Functional criteria: restricting the study to individuals and organizations
with certain roles in seed supply (such as seed owners, procurers or
distributors) or other interests (such as extension, management, research,
training or education).

* Institutional criteria: restricting the study to either the formal sector
(government and NGOs, or commercial nurseries) or informal sector
(including farm households and non-commercial nurseries).

* Temporal criteria: stating historical limits for information that will be
considered during the analysis.

In addition, the scope of a situation analysis will be influenced by

considerations of:

* Duration: the maximum amount of time during which each phase of the
TNA should be completed.

* Finance: the amount of funding available to undertake the TINA.

* Human capacity: the availability and capabilities of people to undertake
the TINA.

The result of this step will be a statement on the extent (depth and breadth)
of the TINA.

Step 2: Describing the context

It is necessary to establish and record the circumstances under which the seed
system currently operates. This step involves an examination of previous work
and findings relevant to tree seed systems, and within the defined scope of the
analysis. The exercise is primarily a desk study that is accomplished through
a review of both published and unpublished literature and data sets, which
may include project reports, journal articles, government policies, legislation,
workshop reports, training manuals, and popular extension materials. Again
this step will also need to consider the less formal seed systems that may not
be as well-documented or described.

The result of this step will be a document that includes:
» List of key actors and stakeholders.

* Preliminary description of their roles, responsibilities and resources.

Tree Seeds for Farmers:
A Toolkit and Reference Source



e Preliminary description of the relationships among the actors and
stakeholders.

* Summary of their documented constraints, opportunities and future
challenges.

¢ List of relevant literature.

Step 3: Stakeholder assessment

The information available from literature and other third-party sources must

be verified and additional information collected about the institutions and

people who (directly or indirectly) are involved in, affected by, or influence the

seed system. This step involves information gathering and discussion, which

may be achieved through interviews with key informants, surveys among rep-

resentative groups of actors, workshops, focused group discussions and other

forms of consultation. The approach and methods used should provide infor-

mation about:

* Key programmes and projects.

* Expectations, objectives and priorities of the organizations.

e The criteria that stakeholders use for ranking of problems and
prioritization.

* Perceived successes/strengths and weaknesses.

* Linking among stakeholders.

The results of this step will be a report including the list of key actors and
descriptions of their current role and status in the seed system.

Step 4: Synthesis

The final step of the situation analysis is the combination and interpretation
of the desk study findings and the stakeholder assessment to identify significant
facts and patterns. This step involves review and reflection on these prelimi-
nary results that should yield some conclusions and recommendations on the
challenges and opportunities within the seed system that is being reviewed.

The result of this step will be an executive summary of the situation, detailing
the preliminary conclusions and recommendations for improved performance
in the seed system.

4.2.2 What are the key steps in needs identification for a TNA?
TNI is the process of determining ways to increase the competence of people
who are undertaking, or are expected to undertake specified management,
production, research or development functions. Changes in competence are
achieved through learning or reinforcement of knowledge, skills, attitudes and
values.
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Step 1: Stating expected roles, standards and results

It is important to define the intended levels of activity and results, the tasks
needed to achieve these results, the knowledge and skills needed to under-
take the specified tasks, and the attitudes and values needed to maintain the
desired changes in behaviour. This step involves using knowledge of global
or regional measures of quality and procedures for seed supply, as well as
knowledge of local priorities, current technology and future trends to develop
appropriate descriptions for each actor’s function or job.

The result of this step will be a series of descriptive statements on the func-
tions, abilities and relationships among the targeted actors that are expected
to achieve stated goals or objectives of the seed system.

Step 2: Determining current standards and the competence gap
In-depth understanding of the current activities, abilities, limitations and
other attributes of the targeted actors will facilitate comparison between
what 1s intended and what is actually achieved. This step involves gather-
ing information through observations and direct or indirect interviews, from
a representative sample of the identified target groups during the situation
analysis. The purpose of the interviews will be to obtain the respondents’
opinions about themselves and other actors on their work, their achievements,
and shortcomings that may be addressed through further learning

Depending on the degree of detail of the study, this process may be referred
to as task analysis, job analysis or performance analysis. Different methods
and techniques have been proposed for these different levels of analysis.
Because the performance gap is the sum of gaps in competency and other
contextual factors that cannot be resolved through training, it is important
for the analysis to distinguish between competence and other factors affecting
performance (see box 4.1).

The result of this step will be a written report on the methodology and find-
ings, that concludes with descriptions of the competence gaps of selected
actors, the causes of these gaps and desired changes in knowledge, skills and
attitudes.

Box 4.1 Factors affecting performance

Performance gap: the difference between the expected level of performance
and the actual level of performance, which is the result of gaps in people’s
competence and other shortcomings in their organizational, social, cultural,
political and economic environment.

Gaps in competence: the additional knowledge, skills and attitudes that
technicians, managers, agents, farmers and other actors need in order to achieve
the expected level of performance.
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4.3

Step 3: Recommending training and learning activities

The overall purpose of a TINA is to provide justifiable recommendations on
learning activities that will bridge perceived gaps in competence. This step
involves the identification of appropriate processes and activities for learning
that may include any of the following:

* Discussions with people in similar functions or jobs.

* Exchange visits.

* Consultation with more experienced individuals.

* Hands-on training,

e Formal training courses and workshops.

e Field visits.

* Technical reference materials (e.g., toolkits).

* Information (e.g., newsletters).

The result of this step will be a report stating the objectives and target audience
for specific training or learning activities, the roles of various organizations in
implementation, the anticipated results and outcomes, and criteria that can be
used to detect and assess anticipated changes in performance.

4.2.3 What are the key steps in the evaluation of a TNA?

Evaluation is the repeated process of assessing the effectiveness of the train-

ing needs, options and opportunities recommended by the TINA. This process

requires feedback from all actors and may be conducted at three levels.

1. Prior review of proposed activities and curricula for training.

2. Feedback on the relevance and usefulness of training events in which the
actors have participated (that is, immediate reaction to pilot activities).

3. Monitoring of the performance of individuals or groups who have
participated in training or learning activities (that is, surveys among
supervisors, sponsors, colleagues or clients).

Through evaluation, it is also possible to identify results and outcomes that
were not anticipated when the TNA was completed. Some methods of evalu-
ating training activities are described later.

How do we organize a short training event on seed systems?

The best way to organize training is to involve the learners in the development
of a training event framework that addresses their properly identified, assessed
and analysed learning needs. Such a framework provides the shape, direction
and overall approach for a training event. Participatory curriculum develop-
ment 13 often more effective than that developed by trainers using a top-down
approach.
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Any training event must have clear aims and objectives that specify what the
learner will be able to do as a result of learning. Once the learning framework
has been developed, it is important to consider the related content, methods
and materials needed to facilitate learning, and to achieve the identified ob-
jectives or learning outcomes. The choice and use of content, methods and
materials depends on the learning framework. Any training event must also
be monitored and evaluated to find out if learning has taken place and how
future training events may be improved. Figure 4.2 illustrates the various steps
involved in the design of a training event and these are explained in more
detail in the following paragraphs.

4.3.1 Aims

An aim is a general statement that gives both shape and direction to a set of
more detailed intentions for the future. Aims are not so specific as objectives.
They are usually written in terms of what the trainer will do, rather than what
the learners will do (outcomes or objectives) by the end of the course. Aims
are sometimes broken down into long-term, medium-term and short-term
aims. A broad training aim related to tree seed for farmers could be, “To de-
velop the necessary knowledge, skills and attitudes of extension agents so that
they can plan, organize and implement tree seed production and distribution
systems that will allow farmers in a specific region to successfully practice a
recommended agroforestry intervention.”

Figure 4.2 Steps followed in the design of a training event
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4.3.2 Objectives/learning outcomes

Aims ultimately give rise to more specific statements — these are the objectives
or learning outcomes. An objective is a statement of what learners should
be like, or should be able to do after successfully completing a given course
of instruction or being exposed to a learning experience. There should be a
measurable change in behaviour, hence a ‘behavioural’ verb in the objective.
A shopping list of verbs that can be used to develop objectives is given in box
4.2. General verbs such as know, understand, believe, and appreciate should
be avoided since these are difficult to interpret when assessing the outcome
of learning. For example, an objective that reads, “Learners will understand
seed storage conditions” is not so good as “After visiting a seed storage facility,
learners will be able to list and explain conditions that affect seed storage”. As
we can see from this example, it is also important to give an indication of the
conditions (after visiting a seed storage facility) or restrictions under which the
learners will operate and also a criterion or performance standard that can
be used to determine if learning has taken place to an acceptable standard
(number of conditions that affect seed storage). Learning objectives must be
SMART — specific, measurable, attainable or achievable, relevant or realistic
and time-bound. Quite often, it is useful to involve the learners in the identifi-
cation and development of learning objectives or outcomes.

4.3.3 Content

Once the learning framework has been developed and the overall aims,
objectives and outcomes have been specified, you will need to identify the
relevant content, methods and materials needed for the desired changes in the
knowledge, skills and attitudes of the learners. Like all other steps in the instruc-
tional design process, this is a participatory process between both the learners
and trainers. The roles of the trainers and learners should be made clear as
early as possible and learning must be seen as a participatory process where
the role of a teacher or trainer is facilitation rather than indoctrination.

Content can often be divided into three categories: must know, should know
and nice to know. The focus for content development must be on the first and,
depending on the available time, content related to the other two categories
can be included.

It 1s also important to properly sequence content. Move from the known to
the unknown and from the simple to the complex. Use an existing logical or-
ganization of the content (time, topic, job, task, or learning styles) or cover the
content in the order of job performance.
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4.3.4 Method/approaches

When selecting methods for teaching or learning, it is important to consider

these four main steps:

1. List all the possible methods which could be used to allow achievement of
the objectives.

2. Narrow down this list to ensure the content is adequately covered.

3. Further reduce the list by considering the needs, and capabilities of the
learners.
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4. Look at the available resources needed in order to select certain methods
so as to come up with the final list of methods to teach or learn. Figure
4.3 shows that experience-based learning methods are usually better for
achieving training objectives than other learning methods, although they
take more time. Figure 4.4 gives an example of experience-based learning.

Quite often, training resource persons choose to teach by lecturing or making
a presentation supported by slides. Since most learners learn by doing or see-
ing, passive participation in a lecture or presentation is often the worst method

Figure 4.3 Learning methods

How people learn

Best Slow

Exhibits
Video/tv/film
Pictures
Writing
Speech

Figure 4.4 Learning by doing
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Learning by doing remains the most appropriate way to acquire new knowledge
and skills; in this case, grafiing trees s illustrated.
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one can select to teach and it is important to consider alternatives or additional
methods, especially when it comes to learning related to the practical aspects
of seed and germplasm production, storage and distribution systems.

Some of these other methods are:
* Group discussions or group work.
* Brainstorming sessions.

* Demonstrations.

* Reading.

» Exercises and problem solving,
* Case study analysis.

* Role play or simulations.

* Games.

* Practicals.

* Project work or research.

* Field visits.

+ Attachment or on-the-job training
* Videos or CD-ROMs.

It is important to try out different approaches and learn from experience
what works best with your learners and which approach best contributes to
the achievement of the learning outcomes. Approaches that actively engage
the learners, especially adult ones, always work better. Always seek feedback
from your learners and involve them in testing out teaching or learning ap-
proaches. This may give you a better idea how they learn and thus optimize
your training methods. Do not mix too many methods when teaching a single
subject or topic, as this may become confusing. Teaching methods should en-
able learning to take place, not simply to prove that a teacher or trainer is a
good performer.

4.3.5 Learning resources

Once the content and teaching or learning approaches have been identi-
fied, we need to consider which learning resources can be used in support
of the subject(s). Learning resources too must address the proposed learn-
ing objectives or outcomes as well as reflect the content and methods used.
The first step is to identify if relevant learning resources exist. If so, they will
probably need to be evaluated and adapted to suit your specific purpose and
environment. If they do not exist, you will need to prepare new ones. This can
be a time-consuming activity involving several people.

This Toolkit has been developed as the main learning resource for training on

the subject of seed systems. It is up to trainers to decide how to best use this
Toolkit and the accompanying CD-ROM to support their training activities.
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4.4

It is not unusual for training to fail to achieve its objectives or outcomes due to
issues and problems unrelated to aims, objectives, methods, content or learn-
ing resources. Aspects of adult learning need to be taken into account togeth-
er with practical and logistic considerations that will make the learners feel
that they are well looked after and that there is genuine concern on behalf of
the trainers that learning will take place. Even though extremely important,
the logistic and practical aspects related to the planning, organization and im-
plementation of any training event on the subject of tree seed for farmers go
beyond the scope of this specific Toolkit. Training professionals are normally
familiar with whatever it takes to properly organize and implement a train-
ing event, but often training is an additional responsibility of a person within
an organization who is poorly trained, experienced and skilled in the area
of learning and instruction. In this case, it is important that such a person 1s
properly prepared to conduct training and learning under optimal conditions.
This Toolkit should be of great help to such a person.

What happens after training and learning have taken place?

The main outcome of training is that the newly acquired knowledge, skills
and attitudes are applied in the context of the day-to-day work of the learn-
ers. This can only be achieved if the needs of the learners have been properly
identified and assessed and if the learning is designed to address these needs.
All too often, training is seen as a bonus or benefit for an employee and if
there is no strong justification that the training will eventually benefit learners
or their employer, human and financial resources will be wasted.

A properly conducted TNA will identify what problems exist within an organiza-
tion and will distinguish between what can be solved through training and what
requires other solutions or interventions. For example, it serves little purpose to
train a person on seed storage requiring sophisticated and expensive equipment
if the equipment will not be available to the learner after the training.

During and after a training event, monitoring and evaluation (M&E) will indi-
cate if learning has taken place. There are several participatory methods and
tools that can be used for M&E. During the training, M&E should focus on
addressing immediate problems that arise during the event. Post-event evalu-
ation should target the improvement of future, similar training events.

Once the training event has taken place, it is important to assess its impact.
Quite often, this training-related aspect is neglected due to lack of resources
or the fact that the training was a single occurrence not related to a broader
capacity building or strengthening strategy. Evaluation and impact assessment
will be even more important if new training events on the same subject are
organized, or if the learner participates in a broader training programme
covering related subjects as well.
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To assess the impact of training, trainers should ask for feedback from learn-
ers on how they are using their newly acquired knowledge, skills and attitudes,
using a simple questionnaire. One useful approach is to have the learners de-
velop a personal action plan during the course and use this as a reference to
obtain feedback on whether they are implementing the new knowledge or not.
During the course, organizers should ask participants how they intend to ap-
ply what they have learned in the context of their daily work, without new or
additional resources at their disposal. Trainers can use a template form with
the learner’s name, employer, contact address; a brief description of what the
learner intends to develop into practice; name of the possible collaborators;
a time frame; and a source of verification that the intended action has really
taken place. Depending on the time frame given to implement the plan, train-
ing organizers can follow up with an appropriate interview or questionnaire.
The focus should be on improving future training and learning. If funds are
available, a personal action plan organized on a competitive basis and involv-
ing all learners at a training event can be subsidized through a small grant
project. Care should be taken to ensure the sustainability of the activities that
are to be funded.

In addition to describing how far they have progressed with their personal ac-

tion plans, the former trainees can be asked to participate in a tracer survey.

Tracer surveys are usually conducted through questionnaires or discussions at

least one year after a training event to find out:

* How relevant the objectives and contents of the training are to the
participants’ current roles and work.

* How often they use the skills and knowledge acquired during the training.

*  Ways in which they practise and strengthen the skills and knowledge that
they have acquired during the training.

Through the tracer survey, training organizers can find out if the training was

useful and how they can improve future events. Trainers learn about:

 Participants who have applied the skills and knowledge acquired during the
training activity to improve seed supply work.

* Specific ways in which the knowledge and skills acquired during the activity
have been used.

* Trainees who have been motivated by the course or workshop to strengthen
their competence through further training and exchange visits.

* Specific aspects of the training that the participants felt were most useful.

The questionnaires designed for tracer surveys should be brief as shown in
box 4.3. It is advisable to use a mixture of open-ended and closed-ended ques-
tions. The questionnaire can also include lists from which participants can
select a number of options; for example, when describing ways in which they
have used the knowledge gained during the training.

Chapter 4: Training 67



Tree Seeds for Farmers:
A Toolkit and Reference Source



Information compiled by:

Jan Beniest
Janet Awimbo

References

Blanchard N.P. and Thacker J.W. 1999. Effective training — systems, strategies and practices.
New Jersey: Prentice Hall.

Bramley P. 2003. Evaluating traiming. London: Chartered Institute of Personnel and
Development.

Forbes-Greene S. 1983. The encyclopedia of icebreakers — structured activities that warm-up,
motwate, challenge, acquaint and energize. California: Pfeiffer & Company.

Jacobsen D.A.; Eggen P. and Kauchak D. 1999. Methods for teaching — promoting student
learming. New Jersey: Prentice Hall.

Kroehnert G. 1995. Basic traiming for trainers — a handbook for new trainers. Roseville:
McGraw-Hill Book Company Australia.

Newstrom J.W. and Scannell E.E. 1980. Games trainers play — experiental learning exerctses.
New York: McGraw-Hill Inc.

Rogers A. and Taylor P. 1998. Participatory curriculum development in agricultural education.
Rome: Food and Agriculture Organization of the United Nations.

Rothwell W,J. and Kazanas H.C. 1994. Improving on-the-job training — how to establish and
operate a comprehensive OFT programme. California: Jossey Bass Inc. Publishers.

Sotto E. 1994. When teaching becomes learning — a theory and practice of teaching London:
Cassell.

Stanley L.A. 1987. Guide to training needs assessment. Ljubljana: International Centre for
Public Enterprises in Developing Countries.

Taylor P. and Beniest J. 2003. Training in agroforestry — a toolkit for trainers. Nairobi: World
Agroforestry Centre.

Chapter 4: Training 69






Chapter 5:

Information Sources

Summary

5.1

5.2

5.3

What information is important for a good seed system?

Within a well-functioning seed system, both the seeds and certain informa-
tion about them are distributed to end users. Three types of information
are important: technical information, economic information and
information about partners within networks. Technical information
acquaints farmers with the advantages and disadvantages of various pro-
duction options and informs plant breeders, public agencies and merchants
about farmers’ requirements. Economic information determines which inputs
farmers are willing to use and which products are brought to the market.
Information about the expected performance of partners, for example,
their reputations and trustworthiness, determines the willingness of farmers,
merchants and consumers to enter into transactions.

Quality tree seed is always accompanied by information. Since seed systems
range from highly centralized to highly decentralized systems, the information
needs for a particular seed system vary.

More on page 73

What information is needed for a centralized seed system?

Within a centralized tree seed system there is one institution, often the nation-
al tree seed centre (N'TSC), that collects, produces and distributes all tree seed.
The central institution needs information on practices of collection, produc-
tion and distribution of good-quality seed of priority species. The information
needed outside the central organization focuses on establishing trees after seed
is received. Nursery manuals are a typical information product distributed
outside the central institution.

More on page 73

What information is needed in a decentralized seed system?
In decentralized seed systems, many actors are involved in fulfilling such
different roles as breeding, multiplying, processing, storing, distributing and
marketing that are required for seed collection, procurement and distribution.
Often some of these roles are taken up by small-scale entrepreneurs, such as
tree seed collectors or nursery operators.

More on page 74

71



72

5.4

3.5

5.6

What role can the public sector play in a decentralized seed
system?
The government should support transmission of information between all the
actors in the tree seed system, including producers, distributors, researchers
and customers. Information services that the public sector should provide
include market information, forums for information exchange, certification
of tree seed (for example, through ‘truth in labelling’ or similar voluntary cer-
tification schemes), identification of seed sources, and species selection (lists of
species and maps of locations suitable for particular species).

More on page 75

What role can the public sector play in certification?
The public sector can either certify each seed lot, or certify seed suppliers. In
the latter system, the public sector conducts random checks of registered seed
suppliers, comparable to random checks for doping in sports. The advantage
of this system 1is that it is cheap and fast, but the disadvantage is that it does
not ensure the highest quality of seed.

More on page 76

In which format is information best provided?
Information is provided to actors in the seed system through extension and
training. Chapter 3 discusses extension in depth and how it brings information
to farmers, while chapter 4 deals with imparting information and knowledge
to actors in more formal settings.

More on page 76
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Introduction

5.1

5.2

Within a tree seed system not only seed is distributed. It is necessary to distrib-
ute information about the seed as well. Without appropriate information, a
tree seed system’s ability to provide adequate amounts of quality tree seed in
a sustainable manner is not assured.

This Toolkit has been compiled as a primary source of information on the
sustainable provision of quality tree seed. Other primary sources of informa-
tion come from the experience and knowledge of the various actors in the tree
seed system. Only through sharing information among the various actors can
a well-functioning seed system be developed.

What information is important for a good seed system?

A well-functioning tree seed system is described thus: “A well-functioning tree
seed system uses the appropriate combination of formal, informal, market
and non-market channels to stimulate and efficiently meet farmers’ evolving
demand for quality seed” (Maredia et al., 1999).

Within a seed system, both seed and information are distributed from the
point of collection to the end users. The technical chapters in this Toolkit de-
scribe how quality tree seed is always accompanied by information
(see part II). The quality of the information contributes to the overall quality
of the tree seed. As information is crucial for a seed system, appropriate atten-
tion needs to be given to gathering and distributing it.

Seed systems range from highly centralized to highly decentralized. Therefore,
the information needs for particular seed systems vary. The information needs
of different types of systems are described in this chapter.

What information is needed for a centralized seed system?

Within a centralized tree seed system, one institution collects, produces and
distributes all tree seed (see chapter 1). Within many tropical and subtropical
countries, an N'T'SC has been established to fulfil these roles. The NTSC usu-
ally has the national mandate for production and distribution of seed. Because
of the national mandate, a strong distinction can be made between informa-
tion that is needed within the N'TSC, and information that is needed outside
the NTSC.

The information required within an N'TSC is produced by and for its staff as
part of the daily work routine. Many N'TSCs have produced large amounts
of valuable information that is available in booklets and research papers.
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5.3

For example, most of the information provided in Part II of this Toolkit was
originally produced by projects that involved NTSCs. As another example,
the posters provided on the CD-ROM that accompanies this Toolkit were
produced by the Indonesian Tree Seed Project in collaboration with the
DANIDA Forest Seed Centre. In many cases, the NTSC conducts research
on specific tree species to enable seed of those species with good physiologi-
cal and genetic qualities to be provided to its customers. Often the research 1s
targeted at important tree species that are difficult to handle. The information
that 1s needed inside the N'T'SC is therefore focused on guidelines to produce
good-quality seed.

As 1t 13 expected that all seed within a centralized tree seed system will origi-
nate from the central institution, the information that is needed outside the
NTSC i1s focused on establishing trees after seed has been received by end
users. The information required outside the NTSC is therefore concerned
with seedling production (as in nurseries) and planting. The nursery manuals
produced by ICRAF and many other organizations are typical examples of
such information (see Toolkit CD-ROM).

What information is needed in a decentralized seed system?

As seen in chapter 1, in decentralized seed systems many actors are involved
in fulfilling the different roles (such as breeding, multiplying, processing, stor-
ing, distributing and marketing) required for seed collection and distribution.
Often some of these roles are taken up by small-scale entrepreneurs, such as
tree seed collectors or nursery operators. A decentralized tree seed system
typically has a large number of widely scattered customers, including NGOs,
small nursery enterprises and individual farmers.

Because of the many actors involved in a decentralized system, information
exchange is crucially important for the system to work efficiently. Three types
of information are important: technical information, economic information
and information about partners within networks.

5.3.1 Technical information

Technical information acquaints farmers with the advantages and disadvan-
tages of various production options and informs seed and seedling producers,
public agencies and merchants about farmers’ requirements. Farmers need
to know what species are available for production of] for example, fruit, how
much it costs to grow the trees that produce the fruit and how productive such
species are in a particular environment.

A well-functioning tree seed system therefore requires the availability of varie-
ties that can meet the requirements of farmers, and also requires that farmers
are well-informed about the availability of these varieties. At the same time,
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5.4

the technical information should enable actors to fulfil their specific roles in
producing good-quality seed. N'T'SCs in many countries have carried out re-
search and published technical information as a national and international
public good.

5.3.2 Economic information

Economic information determines which inputs farmers are willing to use and
which products are brought to the market. Farmers need to know the poten-
tial economic production of various species and which economic inputs are
required. Farmers also need to know the potential markets for these products.
Economic information should also focus on the sustainability of seed supply
in relation to the need to maintain the quality of tree seed they require and
information on where to get the seed.

5.3.3 Information about partners

Information about the expected performance of partners (their reputations
and trustworthiness) determines the willingness of farmers, merchants and
consumers to enter into transactions.

The formal laws, policies, regulations and informal conventions of market
behaviour and social interaction are often described as the institutional
environment (sce chapter 1).

What role can the public sector play in a decentralized seed
system?

The public sector could play a supporting role to a decentralized tree seed
system. As explained in chapter 1, it is best for the various partners involved
in the tree seed system to come together and agree on a common strategy for
tree seed collection and distribution. Some suggestions are provided for the
roles that the public sector can play.

An area in which the public sector has traditionally provided support is exten-
sion services that bring information to farmers (see chapter 3). The govern-
ment could also support the transmission of information between all the ac-
tors in the tree seed system, including producers, distributors, researchers and
customers. The state can often help to overcome the difficulties of organizing
information exchange among large numbers of farmers and their access to
that information.

Some information services that the public sector could provide include a mar-
ket information system, forums for information exchange, identification of
seed sources, certification of tree seed (sources), and species selection (lists of
species and maps of locations suitable for particular species).
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3.9

3.6

What role can the public sector play in certification?

Within a decentralized system, it is not seen as the sole responsibility of the
NTSC to collect and distribute every single seed (see chapter 1). In some
countries, the role of the NTSC is shifting from centralized collection, pro-
duction and distribution of tree seed to a role of certification within a decen-
tralized system.

Certification is an issue high on the agenda of many N'TSCs and plant in-
spectorates. Certification ensures that the planting material circulating within
a country reaches a minimum quality standard.

Various systems of certification have been proposed. Within one system, all
the seed still passes through the NTSC, although it was not originally col-
lected and produced by the NTSC. The advantage of this system is that the
quality of the tree seed can be tested by the best possible procedures. The
disadvantage of this system is that it is slow and expensive, as the seed needs
to pass through the NTSC.

A voluntary system can be set up such that entrepreneurs wishing to collect
and produce tree seed and seedlings register with the NTSC. As part of the
registration, entrepreneurs declare the quality of tree seed that they wish to
provide (for example, 60% germination capacity). The NTSC then provides
information about the new supplier, including their contact data and their
quality rating. In this system, it is the supplier that is certified. The NTSC
then proceeds to make random checks on such suppliers. Once a supplier
fails the tests, his or her name is removed from the lists of possible producers.
You could compare this system with systems developed in sports, for example,
athletics, where not every athlete is checked for drugs after each competitive
event. Such seed systems currently exist for crop seed in Nepal, India, and
South Africa and possibly other countries too. The advantage of this system
1s that it is cheaper and faster than systems where all the seed needs to pass
through the NTSC. The disadvantage of the system is that abuses are still
possible. Within this system, seed will not always be of the best quality, but this
may be the only option of combining criteria of sustainability with quality.

In which format is information best provided?

Chapter 3 explains different approaches to extension. Extension is a non-
formal education that aims to reach people in their own context and life
situations. Through extension services, people identify and assess their own
problems and needs, how to cope with them and how to solve them. To ensure
the success and sustainability of extension programmes and any development
venture, the active participation of the beneficiaries is important. Chapter 4
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explains how to assess knowledge in larger organizations and how to identify
training needs.

Alarge amount of relevant up-to-date information is available from the Toolkit
CD-ROM. However, the tree seed and seedlings sector in many countries is in
transformation and many new developments are likely to occur. New learning
experiences are expected, but this new information may not be easily acces-
sible to individuals. Users of this Toolkit are therefore encouraged to notify
ICRAF whenever they become aware of new sources of information.

These three websites are likely to contain follow-up information on seed and
seedlings systems.

World Agroforestry Centre (ICRAF):
http://www.worldagroforestrycentre.org

DANIDA Forest Seed Centre (now Danish Centre of Forest and Landscape)
http://www.sLkvl.dk/?lang=en&

Food and Agriculture Organization of the United Nations (FAO):
http://www.fao.org/forestry/foris/webview/forestry2/index.jsp?
geold=0&langld=1&siteIld=1820
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Chapter 6:

Species Selection

Summary

6.1

6.2

6.3

Why is species selection important?
You need to select the species with which you work because your resources will
not allow you to work with all species that can be grown in your area. Not all
the species that can grow in your area meet the farmers’ needs. You lose valu-
able resources and time when you choose a less desirable species.

More on page 81

What attributes can I use to select species?

* Select species that are suitable for the ecological conditions of the planting
site.

* Select species that address one or several needs of farmers.

* Select more than one species so that you can offer farmers a list of species
to choose from.

* Select species for which planting material of good quality is available or
can be produced within a reasonable time frame.

More on page 81

How can I select species based on environmental conditions?

In many tree species, various provenances (trees of the same species that grow
at the same place) differ in their ecological requirements. Trees from a certain
provenance will only grow well under specific environmental or ecological con-
ditions. As a general rule, you should plant trees in environmental conditions
similar to those where their seed was collected, unless you have information
that the trees will perform well under different conditions. You may want to
use agroecological zones, tree seed zones or vegetation maps to find out where
a particular species or population can be planted. As an alternative, you can
find out growing conditions from databases such as the ICRAF AgroforesTree
database or the CAB International’s (CABI’s) Forestry Compendium.

For many tree species, the potential distribution has not been well investigated
(see chapter 5), and therefore, the introduction of species to new areas should
be treated with care. When you introduce a new species, make sure that you
introduce enough genetic diversity (see chapter 8). Introduce the necessary
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beneficial associated species, such as rhizobia, mycorrhiza and pollinators,
without introducing any invasive species.

More on page 82

How many species should I select?
Itis always good to select several species in order to give farmers a wide choice.
You also protect yourself better against disasters and price fluctuations when
you select several species.

More on page 86

How can I use socio-economic information to select species?

Species that are ecologically suitable for a certain area can be ranked in terms
of farmer preference. This approach narrows down the list of species.

Information from specialists may be used to modify preference rankings ob-
tained in farmer surveys. You may, for instance, have information about an
emerging market for a specific use or species, or foresee a major environmen-
tal service that will be required in the future.

More on page 87

How can I select species to increase tree diversity?

If you want to increase the diversity of a landscape, conduct a tree diversity
survey to find out about the diversity that is already present.

Diversity refers to two aspects. The first is the number of species that you
have in your landscape. The other is the number of trees of each species, and
whether this number is equal or very different among the component tree
species. You can increase diversity by increasing the number of species or by
increasing the equality in tree numbers of the various species.

More on page 89

How do I avoid introducing invasive species?

You should consult lists of invasive species. You need to inform yourself, as
you may be held liable if you introduce an invasive species. Check with the
plant health inspection services that issue import permits or with other spe-
cialists for lists of such species.

More on page 90
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Introduction

The selection of species is a stage that is often neglected by initiatives (such
as tree planting projects or the efforts of a private nursery operator) that aim
to promote species in a certain area. Trees of a certain species cannot grow
everywhere, and not every tree species provides the same types of products
and services. When you do not match the ecological and socio-economic con-
ditions of the species and the planting site, the impact of tree planting may be
very limited. Species selection is very similar to the selection of crop varieties:
both farmer needs and the ecological conditions of the planting site need to
be considered.

6.1 Why is species selection important?

There are many tree species, but only a small number of them may meet the
needs of both the farmers and the planting site. Together with farmers, you
need to select the species with which you work because your resources and
farmers’ needs do not allow you to work with all species that can grow in your
area. When you choose a less desirable species, you lose valuable resources and
time. For example, Azadirachta indica (neem) will not grow, or grows only very
slowly, in highland areas. A tree-planting project that focuses on introducing
neem in a highland area is therefore likely to fail, and it would be better to
promote a species that will grow well in highland areas.

6.2 What attributes can I use to select species?

The attributes presented in this chapter include:

* Select species that address one or several needs of farmers.

» Select species that are suitable for the environmental conditions of the
planting site.

* Select more than one species so that you can offer farmers several species
for the same purpose.

* Select species for which good-quality planting material is available or can
be produced within a reasonable timeframe.

You could interpret these criteria in a hierarchical way. The environmental
conditions of your planting site could yield a list of all suitable tree species.
Selections could be made from this long list based on the socio-economic
preference ranking of species, and considerations of diversity. In some situa-
tions, you could come up with a list of the species that could provide the goods
or services that are required, and shorten the list by ecological requirements
afterwards.

It is very important that the selection of species is done together with local
communities and that the selection procedure is transparent.
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6.3 How can I select species based on environmental

conditions?

In many tree species, various provenances (trees of the same species that grow
at the same place) differ in their ecological requirements (see box 6.1). These
differences are caused by the differences in the evolution of trees from differ-
ent provenances, so that trees that have grown under particular conditions for
a long time will be better adapted to those conditions.

As a general rule, when a tree species occurs under different environmental
conditions, then the different provenances or populations could be effectively
treated as different species.

A tree species will only grow well under specific environmental or ecological
conditions. Environmental conditions that may be important for a certain
species could be specific ranges in temperature, rainfall or soil type. Some
species can withstand a wide range of environmental conditions and could
be described as adaptable (or generalist). Other species are specialists that
can only grow under a very limited range of environmental conditions. In
addition to these two broad categories, species with wide tolerance may in
fact consist of different populations that are specialized to different parts of
the environmental range. It is therefore a good precaution to source your seed
from environments that are similar to the environment in which you intend
the seedlings to be planted.

Information on the average rainfall, the seasonality of the rainfall, the length
of the dry season, average temperature, temperatures of the hottest and the
coldest months and of the soil may be sufficient to describe the environmental
conditions suitable for a certain species. It may be especially important to look
at the frequency of extreme conditions such as drought, frost or high salinity.
When you know the conditions under which a species can grow, you will have
an idea of the environmental niche of that species. Microclimatic factors may
be important: some species that require more rainfall could grow well in the
wetter parts of a drier landscape, such as in valley bottoms or along rivers.

There will typically not be fixed limits to the environmental conditions for
a species, with good growth within the limits and no growth outside the
limits. There will normally be a transition zone where the species will still
grow, but not optimally. For example, a species may grow best between 1000
mm and 1500 mm rainfall, but may survive within the range of 500 mm to
2000 mm.

Figure 6.1 gives a hypothetical example of the growth and survival of two
species. You can see that one species is an adaptable species that will grow
with rainfall ranging from 100 mm to 2000 mm, whereas the other species is
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Box 6.1 The difference between provenances and origins

A tree population is a group of trees that exchange pollen with each other. As a result, a tree
population will have similar genetic information and the trees will be more similar to one
another than trees that do not exchange pollen. The similarity in genetic information is a
result of evolution and adaptation to the environmental conditions of the location.

The provenance is the location where a certain population occurs. In the graph, the
three populations of calliandra can be referred to as the Patalul, San Ramon and Embu
provenances. When you collect seed from population 1, then you should describe this as the
Patalul provenance. When you collect seed from population 3, then those were collected from
the Embu provenance.

Natural distribution: Central America ¢——+—) Exotic distribution

Population 3
Provenance: Embu
Place of origin: Patalul

Population 1
Provenance: Patalul

Seeds

Population 2
Provenance: San Ramon

O

seeds

It is important to differentiate between the natural and the exotic distribution of a species. In
the example, the Embu provenance was established from seed that was originally collected
from the Patalul provenance. When you collect seed from the Embu provenance, you should
also provide information on the original population and provenance, which is referred as the
‘place of origin’.

It may be important to assess how long a population has been growing in an exotic provenance.
If a population has only recently been introduced, then the genetic information of the original
provenance and the exotic provenance may be the same. If you want seed of the exotic
provenance, then you will also be able to obtain seed from the original provenance with the
same genetic information. In cases where a population was introduced a long time ago, then
we can expect that the exotic population will have adapted to differences in environmental
conditions in the exotic provenance. In this situation, the genetic information of the original
and exotic populations will be different.

It is very important to have an idea of the number of seeds that were brought from the natural
provenance. If few seeds were transferred, or the collection was made from few trees, then
we may suspect that the genetic diversity of the exotic provenance may be very low. In this
situation, it may be advisable to collect seed from the original provenance and not from the
exotic provenance, even if you expect that the population in the exotic provenance may have
adapted better to the conditions in the exotic provenance.
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Figure 6.1
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a specialist species that will only grow with rainfall ranging from 250 mm to
950 mm. Figure 6.1 also indicates the difference between optimal conditions
and survival conditions: the generalist species will grow best when rainfall 1s
between 350 mm to 1800 mm.

Figure 6.2 shows that the generalist species of figure 6.1 may consist of vari-
ous populations that can only tolerate a more limited range in rainfall. Hence,
it is best not to attempt to grow a population outside its native range.

Trials with Eucalyptus species have demonstrated that it is not possible to pre-
dict where a particular population of a particular species will perform best,
but that provenance trials are needed. For about half of the eucalypt species,
there is one population that performs best everywhere. For the other half, one
population will perform best at one location and another provenance will
perform better at another location. Even species that are taxonomically very
close can show these two behaviours. The key lesson is that it is not pos-
sible to predict how a particular population will perform outside
its native range.

Because there are about 50,000 tropical tree species, we do not yet know the
environmental range for most of these species and their different populations.
For many species, we do not have good information on their distribution.

Hypothetical example of the survival percentage of a generalist species
and a specialist species over a rainfall gradient.

—o—Generalist species —m=Specialist species

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100
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Figure 6.2 Survival percentage of various populations of a generalist species. (This is
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a hypothetical example in reality, such graphs will be less symmetrical.)
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Even when we have data on the distribution of a species, it may still be difficult
to draw conclusions about the environmental niche of a certain species (even
with software that is developed specifically for such purposes).

What can you do when you do not have a prediction of the geographical
distribution of a species? One approach is to use agroecological zones and
tree seed zones. In many countries, maps have been produced for the major
agroecological zones and many N'TSCs have made tree seed zoning maps that
can be used to select seed sources for particular planting sites. Also, for several
countries, maps of major vegetation types have been made, which can be used
to estimate the natural distribution of some indigenous species. You should
realize that these maps are produced for many species, and not for one particu-
lar tree species, but often the maps come with recommendations for planting
of species in zones. You can find these maps in libraries of the institutions that
produced them (such as the survey department, the agricultural research centre
or the forestry department). Some institutions provide copies of the maps for
sale, and in some cases you might even find online versions of such maps.

As an alternative, you could search databases, books, or species lists (see
chapter 5). For the Agroforestree database, a simple module for predicting
species distribution is available. You can also ask local specialists about suitable
species for a particular area. These specialists could be foresters, ecologists or
extension agents, but may also be tree nursery operators that operate within
your target area. When you ask specialists, request that they do not mention
just one species, but give you several species that are suitable. A specialist may
otherwise only provide the names of the species that is most dominant in the
area, or the species for which the highest demand 1s expected.

Chapter 6: Species Selection 85



86

6.4

Some experiments have been conducted to investigate how species perform
outside their natural range. Some species grow well, while other species
grow poorly. These experiments are described as species or provenance trials
(see box 6.1). The only way to determine the performance of a species or a
particular population of a species outside their natural range is to test their
performance by actually growing the trees in new locations. You could check
whether farmers in your area have already tested some new species, as farm-
ers will sometimes introduce new species. If you do not have the time and
resources to conduct such tests, then you should assume that the species will
not be suitable for the new area.

You need to take several precautions when introducing a tree species into a

new area.

* Introduce enough genetic diversity of the species by collecting seed
or vegetative material from a sufficient number of mother trees (see
chapter 8).

* Introduce beneficial associated organisms, such as microbes that fix nitrogen
in the roots, along with the species.

» Have a fairly good idea of how the species is pollinated to ensure that the
species can be pollinated and make good seed in its new surroundings.

* Be careful not to introduce a weedy species (see question 6.7).

When you introduce a new species, treat this as an experiment, and document
afterwards whether the species was performing well or poorly. Others will
benefit from your research only if you document and safeguard your results.

If you avoid introducing an invasive species, introduction of an
exotic species (a species that is not part of the natural flora of
your area) is not necessarily a bad practice. Be aware, however,
that exotic species sometimes perform better than native species.
This is because the pests or diseases of such species have not
arrived at the new location yet, or because local species are not so
well nurtured as exotic species.

How many species should I select?

It is always good to select several species with which to work. One reason for
this is that you provide farmers with a choice of species that they can plant.
It may be difficult to select one species that will satisfy the needs of all people.
Many farmers typically have many different needs.

Another reason is to protect against disasters. It is always possible that a new
disease or pest will invade your area. In many cases, this pest will primarily
attack one species. If you have introduced several species, then you may be
better protected against such disasters. There is some ecological evidence that
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6.5

ecosystems containing several species are better protected against environ-
mental disasters for this reason.

Often, different species can complement each other. For example, some species
may fruit in one season and other species in another season. There may also
be a trade off between the quality of the product and the speed of growth.

There may also be economic reasons for selecting several species. Often,
whenever a product is abundant, prices drastically fall. When you produce a
range of products, you will be impacted less by differences in prices.

Selecting several species promotes the conservation of more species. In many
countries, forests have diminished and are fragmented. For some species, in-
sufficient trees are left in the forests to maintain the species’ genetic diversity.
Populations of trees are needed to ensure the conservation of these endan-
gered species. By conserving more tree species, you may also conserve more
of the other species that depend on trees for habitat or food. Hence, selecting
more species helps to conserve more biodiversity. This is one of the approach-
es of ecoagriculture that seeks to combine farmers’ needs with biodiversity
conservation.

How can I use socio-economic information to select species?

Species that are ecologically suitable for a certain area can be ranked in terms
of farmer preference. This approach helps to narrow down the list of species.
In most cases, you will not be able to work on all the species that are suitable
for your area. Therefore, you need to narrow the list of species. Preference
ranking can be structured in various ways.

One way of structuring preference ranking is by structuring the farmers by
target groups. You could distinguish between men and women, or between
rich and poor farmers, and obtain preference rankings for each category. For
example, in a certain village, the men may prefer eucalyptus and pine, whereas
women may prefer avocado and mango. You could choose to focus on female
farmers and select avocado and mango as the preferred species.

Another way of structuring preference is by the different ways the species are
used, including providing such products as fruit, medicine, or timber, and such
services as shade, boundary demarcation, or soil fertility replenishment. For
example, men may prefer timber species and women may prefer fruit species.
You could also opt to select a species based on rankings for both primary and
secondary products and services, and then calculate an overall score. Try to
get an understanding of the reasons why a certain species is preferred: for ex-
ample, is the species preferred because of yield, some product characteristics,
fewer problems with diseases, or easier marketing of the product?
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Getting a feel for the relative differences among species may be important
when you want to select several species. Obtain a score or rating for each spe-
cies (such as a rating on a scale from 0O to 5) rather than a preference ranking.
Only by using scores will you be able to get an idea of the differences between
the species. The difference between the first- and second-ranked species may
be small compared to the difference between the second- and third-ranked
species, or the situation may be just the reverse.

Some people have used the bao game to obtain rankings of species from
farmers. The technique is part of the larger toolbox of participatory rural
appraisal (PRA). An example of using the bao game is provided in figure 6.3.
The respondents use stones to provide the scores for a number of species. The
advantages of the technique are that it is easy for respondents to change their
preferences after having had a first go at rating species, and that others can
see the preferences of the respondent. The technique can easily be adapted to
arrive at a group consensus on preferences.

Note that information from specialists may be used to complement prefer-
ence rankings obtained in farmer surveys. Farmers usually have a good un-
derstanding of the local and exotic species that can best provide the products
and services that they need. However, farmers may not have such a good
understanding of differences in the marketing potential of various species.
Specialists in these areas may be able to provide some insights into their mar-
keting potential.

Figure 6.3 Using the bao game to rate different species
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Farmers are asked to indicate their
preference of a species by choosing
a certain number of stones

Tree Seeds for Farmers:
A Toolkit and Reference Source



6.6

Specialists may, for instance, have information about an emerging market for
a specific use or a particular species, or foresee a major environmental service
that will be required in the future. Market surveys may be one way of modify-
ing preference rankings. Surveys could be at local, regional or national levels,
and should be carried out by an economist. One factor that should be consid-
ered is the elasticity of demand and supply, which is the tendency of prices to
drop when production increases.

When you make a choice of species based on preference rankings, it is impor-
tant that you check with farmers whether or not they agree with your choice.
For example, some cultural factors may not have been considered. It could
also be possible that some farmers have previously experimented with the spe-
cies of choice and experienced problems.

A specific approach that uses priority setting to select species for domestica-
tion has been developed by ICRAF and the International Service for National
Agricultural Research (ISNAR) (Franzel et al., 1996). Although this approach
focused on selecting priority species for domestication, the methodology can
be used for priority setting objectives other than domestication (such as select-
ing species to be promoted in a certain area,).

Preference ranking exercises should be supported with additional information
on other useful species that may not occur in your area but could potentially
benefit farmers. In addition, it may also be useful to obtain an understanding
of which species farmers are currently using for specific purposes. This will
provide a benchmark for your introduction of new species.

How can I select species to increase tree diversity?

Tree diversity is important because it reduces risks. When you only grow one
tree species, a pest or a disease may completely destroy it. If you plant two,
three or more species, then your risk of not obtaining any products from the
trees that you planted will be reduced. There are also economic risks associ-
ated with growing only one species: prices will usually drop drastically when
the supply exceeds the demand for a certain product. You should therefore
avoid overproduction. Select tree species that increase the diversity of a plant-
ing region.

You may want to differentiate between the tree diversity of a farm, and the
tree diversity of a landscape. For example, farms may only have five species
on average, but the entire landscape may have 50 species. If you have certain
targets to increase the diversity, then you should be very clear as to whether
these targets apply to the average farm or to the entire landscape.
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To increase the tree diversity of a farm or of landscape, you need information
about the diversity that is already present. Conduct a tree diversity survey to
establish how many species and how many trees of each species are already
there.

The concept of diversity refers to two aspects. The first is the number of spe-
cies that occur in your landscape. The tree diversity survey will establish the
number of species in your landscape. You may also have information on the
number of species within different parts of your landscape. It could be that
one village has one group of species, and another village has another group
of species. In such a situation, the species composition is different. In this
situation, introduce some species from the first village into the second village
where they do not occur. The same can be done for the second village, leading
to an increase in the diversity of both villages.

The second aspect of diversity refers to the number of trees of each species.
This 1s described as ‘evenness’ and relates to equality in the number of trees
of each species. The greater the evenness, the greater the diversity. If every
species has a similar number of trees, then the evenness is very large. However,
if one species has 95% of all the trees, then the evenness and diversity are
very low. For example, the diversity will be lower in an area that contains 950
avocado trees and 50 mango trees than in an area with 500 avocado and 500
mango trees. In a situation of low evenness, you could keep the same number
of trees and species, but substitute some of the trees of the dominant species
with trees of the less-dominant species.

An interesting feature of increasing the evenness of species is that the same
number of trees can be maintained in a landscape. Should the species that
you observed be ecologically suited to the landscape, then you will not need
to go through an exercise of investigating the ecological conditions of your
planting site. It is highly likely that information on the species can be provided
by farmer-to-farmer exchange of information, which has several advantages
(see chapter 3).

How do I avoid introducing invasive species?

Some species that are introduced into a new area become invasive. Invasive
species consume or prey on native species, overgrow them, infect or vector
diseases to them, compete with them, attack them, or hybridize with them.
Invaders can change whole ecosystems by altering hydrology, fire regimes,
nutrient cycling, and other ecosystem processes. Often, the same species that
threaten biodiversity also cause grave damage to various natural resource in-
dustries. Invasive species may be difficult to remove from agricultural areas,
since they are often spiny, grow quickly and produce an excessive amount
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of seed. Invasive species can also invade natural ecosystems. Ensure that the
criteria you use to select a species (for example, during preference rankings)
are not likely to select an invasive species.

A list of databases on invasive species is available from the Global Invasive
Species Programme at:
http://www.gisp.org

A good example of a national website 1s:

http://www.agis.agric.za/agisweb/?MIval=/wip_n.html

In many countries, you need an import permit to import certain species since
countries try to avoid introducing invasive species. Check with the plant health
inspection services of your country for lists of invasive species, or with special-
ists on such species. You need to be aware, since you will be held liable if an
invasive 1s introduced. In Kenya, for example, there is currently a case against
the introduction of a Prosopis species.

You should also be careful not to introduce pests or diseases with seed or
seedlings. For this reason, adhere to good plant hygiene during your tree man-
agement practices.

Selecting indigenous species gives you some safety against invasive species. Be
careful however, since a species may still become invasive when brought from
one ecosystem to another within the same country.

Some trees can become serious weeds that not only infest fields, but can also

cause harm to the indigenous species that occur in natural ecosystems, and
could lead to the local extinction of indigenous species.
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Chapter 7:

Seed Sourcing

Summary

7.1 Whatis a seed source?

7.2

7.3

A seed source is where seed is collected (which is not necessarily a stand!). This
may be an identified number of trees in a landscape (for example, identified
trees on farmland or identified trees in a natural forest) or a group of trees
from which you obtain seed. A good seed source should provide fast-growing,
healthy, genetically diverse, good-quality seed and stable planting material.
Note that not every seed source will provide good-quality seed.

More on page 97

What are the best tree seed sources?

All seed sources that meet certain standards to ensure seed quality and
that match the environmental conditions of the planting site. Seed of the
highest quality may be very expensive, so you need to balance quality and
cost for your planting purposes. Low-quality seed should never be used.
Sources that match the environmental conditions: you are always safe if
you collect seed locally or nearby, from trees that are well adapted to the
environmental conditions of the planting site.

More on page 97

What are the general types of tree seed sources?

Natural forest: naturally occurring populations of trees in forest and wood-
land that are used for seed production.

Farmland: trees that have been planted or retained for the production of
end products or services other than providing seed.

Seed orchards: trees that are (from seed or grafted) planted in blocks
specifically for seed production.

Plantations: trees that are planted in blocks to provide services or other end
products other then seed.
Vegetative propagation: asexual plant multiplication through cuttings,
grafting or micopropagation.

More on page 99
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7.4

7.5

7.6

7.7

How should I establish and manage seed sources?

* Seed sources should be managed to increase seed production and to
maintain genetic diversity.

* The area should be well suited to producing seed of a particular species.

* Ensure that the seed source has at least 100 trees for seed production. The
isolation distance from other trees of the same species should be between
200 m and 500 m. You may need to plant 400 seedlings to achieve a final
stand of 100 trees after thinning;

* Seed production areas should be easy to access.

More on page 101

What information on seed sources should accompany seed when

it is distributed?

* Geographical location of the seed source.

* Geographical location of the original seed source in the case of a seed
orchard or seed production unit.

* Ecology of the seed source (elevation, temperatures, rainfall, soil types).

* Ecology of the original seed source in the case of a seed orchard or seed
production unit.

* Number of trees in the seed source.

» Age of the seed source.

* Size of the seed source.

More on page 105

How do I source seed that is not found locally or that is difficult

to get?

* Identfy suitable local or international seed suppliers. NTSCs or extension
services can assist in providing seed or lists of local seed suppliers.
International seed suppliers can be found through ICRAF’s Tree Seed
Suppliers Directory.

* Send out requests for the seed you need with specifications of species, when
you need the seed, how many plants you need to raise and a description of
the environment at the site where the seed is to be planted. Send out the
request well in advance of the planting period.

More on page 106

How do I determine the quantity of seed required?
To determine the quantity of seed required, you need to know the number
of trees that you want to grow. You will need to take into account the germi-
nation percentage after storage, and to compensate for losses in the field and
nursery. You can express the quantity needed in kilograms, but it is better to
express it in numbers of seeds since seed weights may vary.

More on page 106
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Introduction

7.1

7.2

The genetic quality of tree seed sources is the decisive factor for the success of
any tree planting programme. Hence, seed sources have to be carefully identified
and selected. The selection of seed sources is based on the assumption that the
characteristics of the seed trees are likely to be transmitted to their offspring.

What is a seed source?

A seed source is a group of trees growing together from which you can collect
seed. We differentiate between a group of trees, a seed stand, a population, a
seed production unit and a seed orchard (see also chapter 1). Not every seed
source provides quality seed that is suitable for agroforestry. Tree seed should
have good genetic, physical and physiological qualities (see chapter 12).

The selection of seed sources is an important step on the way to successful on-
farm tree planting. The best seed source is not always the nearest, the easiest
or the cheapest.

Single trees are not suitable for seed collection. Even if they could provide the
quantity of a seed you require, seed from such trees lacks the desired diver-
sity. Isolated trees should be avoided during collection since they are at risk of
having self-pollinated seed. Self-pollinated seed often has a high percentage of
hollow grains and low germination rate, and its seedlings do not grow well.

Where are the best tree seed sources?

The best tree seed sources meet certain standards in terms of the number and
quality of trees needed to ensure wide genetic variation and good seed quality.
They also match the environmental conditions where the seed will be planted.

General suitability criteria for evaluating areas designated for seed sources
could include:

* Is the seed source in the right ecological zone for seed production?

*  Will the trees be well pollinated?

* Is the size of the seed source and the number of mother trees adequate?
* Are the trees healthy and their performance good?

 Is the accessibility and security of the source appropriate?

You should also pay attention to the age and the shape of the trees when
selecting seed sources. Mother trees should have a good appearance for their
intended end use (see figure 7.1). This also applies to the trees that surround
them, as these could be fathers of the seeds that are collected and so affect the
quality of the progeny (see figure 7.2).
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Figure 7.1 Examples of good and bad characteristics for mother trees

A good timber A bad timber A good fodder
mother tree mother tree mother tree

Source: Tengnis B., 1994.

Figure 7.2 When the seed (mother) tree is surrounded by other good-quality trees, the
progeny will demonstrate good quality

Source: Mulawarman et al., 2003. B

Seed tree selection criteria differ for various tree types. For example, timber
tree criteria could include:

* Straight stem form.

* Above-average tree height and stem diameter.

* Uniform crown without heavy branches or double stem.

* Long, clear marketable bole.

* Resistance to pests and diseases.

*  Good-quality timber.

* Mature tree that produces ample quantities of seed.
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7.3

Fodder trees and living fences criteria could include the following:
* Fast growing,

» High productivity of leaves and pods.

* Easy to coppice.

* High nutritive values of leaves or pods.

* Resistance to pests and diseases.

* Many branches.

e Multi-stemmed.

* Mature tree that produces ample quantities of seed.

Selection criteria for fruit trees could be:
* Abundant, sweet and big fruits.

e Uniform crown with low branches.
* Fast growing.
* Resistant to diseases and pests.

* Mature tree that produces ample quantities of seed.

For firewood, selection criteria could be:
* High calorific value.

 Fast growing,

» Easy to coppice.

What are the general types of tree seed sources?

There are four main types of seed sources (see chapter 1).

* Natural forest: naturally occurring populations of trees in forests and wood-
lands that are used for seed production.

* Farmland: trees that have been planted or retained in farmland for
production of end products or services other than providing seed.

* Seed orchards: trees that are planted (from seed or grafted) in blocks
specifically for seed production.

* Plantations: trees that are planted in blocks to provide services or end
products other than seed.

* Vegetative propagation: asexual plant multiplication through cuttings,
grafting or micopropagation.

7.3.1 Natural forest

International classifications of seed sources have been based on plantation
forests where trees of the same species and age are growing together, the dif-
ferent types of seed sources have been classified according to their phenotypic
appearance compared to an average stand of the same species in a given area.
Such a comparison is very difficult to make in naturally growing vegetation
where trees growing together are most often of different ages and species.
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The most important criteria for evaluating seed sources in natural forest are:
* From how many mother trees will seed be collected? To collect enough
genetic diversity, seed should be collected from a minimum of 30 trees.

* (Can the mother trees be pollinated by pollen from other trees or are mother
trees isolated? Pollinators should have good conditions for transferring
pollen between trees.

* Identification of more than 50 trees is best since not all the seed trees will
flower every year, yet you need to collect from at least 30 trees.

* The distance between seed trees should be at least 50—100 m. Trees have a
higher chance of being more closely related at shorter distances.

* Avoid selecting isolated trees since they produce seed by inbreeding (or
self-pollination), which often results in retarded growth and susceptibility
to pests and diseases.

7.3.2 Farmland

e The trees may have been planted for other purposes, but you identify
mother trees of a good phenotypic appearance. This refers to the observed
characteristics of a tree, the sum of the attributes that result from interaction
of the genotype and environment.

* Seed ideally needs to be collected from a minimum of 30 trees, but in
some cases a single farmer will not have 30 trees of one species. In such
cases, collection should be done from several adjacent farms.
The greater the number of farmers involved, the better.

* Each farmer in a group should plant as many trees as possible on his or her
land. More trees mean more genetic diversity, hence more variation in the
seed produced and in the progeny. A greater number of trees of the target
species is likely to make the area more attractive to appropriate pollinators.
The more pollinators that visit the area, the greater the occurrence of
cross-pollination.

7.3.3 Plantation forest

Plantation forest sources are those where trees are not specifically established
for producing seed. Seed production is a secondary purpose for such stands.
Sometimes, a particular seed stand is chosen as a seed source because of the
good quality of its trees. The primary purpose of the trees may be the provi-
sion of timber, fuel or for soil conservation. The seed trees should be selected
by comparing them with their neighbours. For instance, seed trees for a tim-
ber species should be straight, tall and disease or pest free. Small crooked trees
with many branches should not be selected. This selection 1s applicable to
such institutions as forest research institutes or government bodies.

7.3.4 Seed orchards

Trees planted specifically for seed production and/or breeding are known as
seed production stands or seed orchards. A seed orchard is often established to
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improve seed by selecting superior families or superior individual trees within
families. A seed production stand is usually established only for producing
seed. These sources are defined as ‘established seed sources’. Examples are
shown in figure 7.3.

There are many types of seed orchard which vary according to the design of
the orchard, type of planting material (from seed or from cloned material) and
the number of families represented in the orchard. A ‘family’ is defined here
as all the trees that are the offspring of the same mother tree, meaning that all
these trees were grown from seed or clonal material that was obtained from
the same tree.

7.3.5 Vegetative propagation

Clonal material is sometimes promoted because of its specific qualities such as
growth rate or fruit quality. Two major considerations for clone material are:
(1) there is a greater risk of your plant failing if only a few clones are used; (i1)
this risk should be weighed against the benefits from growing clonal material.

7.4 How should I establish and manage seed sources?

7.4.1 Selecting the site

To maximize the genetic base and productivity of on-farm tree seed sources,
the following approach for establishing them 1is recommended. Matching the
planting site to the seed collection site may be necessary for optimal growth of
trees (see chapter 6). The growth conditions of the planting site should match
the growth conditions at the seed collection site. The altitude, latitude, longi-
tude, rainfall, temperature, and soils should be appropriate for the target species.
Seed collected from a lowland site should grow well when planted in lowland
sites, and seed collected from the highlands should be planted in the highlands
to ensure optimal tree growth. Note that the principles are just the same as those
used in seed source selection or identification. If you plan to sell seed from the

Figure 7.3 Established seed sources
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seed source, you should estimate the area of potential planting sites for the seed
source, the number of potential customers in this area and how you can pro-
mote the seed from the seed source to the potential customers.

Local seed is safest. Collect seed at a similar altitude to the planting site
or in a nearby seed source if one is not locally available, these trees should
already be accustomed or adapted to the type of site where you want to plant,
as shown in figure 7.4.

It is possible that trees raised from seed that is collected from a site with different
conditions will still perform very well when planted at your location. This is why
some research institutions undertake trials in different locations to test how trees
from one location perform at others. Sometimes trees perform even better under
conditions that are different from those of their natural environment. However,
you need to have prior knowledge of the performance of a provenance in
conditions similar to your environment before you can safely plant the material.
For most tree species, we only have information on their growth under natural
conditions, so you should only plant trees under the same conditions — unless
you want to experiment and are prepared to take the risks involved.

7.4.2 Planting a seed source

Preferred spacing for optimum seed production will differ according to the
species and site. Some recommended initial spacings for commonly encoun-
tered species are given in table 7.1. There are obviously many combinations

Figure 7.4 Matching the environmental conditions of the collection and planting site
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Source: IFSP visual extension material, 2001. B
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Table 7.1

of spacing and planting configuration that can be used, some of which are
shown in figure 7.5. As the trees grow larger, thin them, ensuring the best
trees remain, to allow free crown growth and exposure to more sunlight. The
recommended final spacings to encourage a large grown and maximum flow-
ering are also given in table 7.1.

You can calculate the number of trees to plant per ha by dividing 1 ha
(10,000 m?) by the space occupied by a single tree. For example, with a spac-
ing of 0.5 X 0.5 m? we obtain 10,000 / (0.5 X 0.5) = 40,000 trees per ha.
Similarly, you can calculate the number of seed trees that will remain.

When planted, the seed trees should be isolated from stands of unimproved
trees of the same species to avoid pollen contamination. In this way, you main-
tain the genetic superiority of the seed produced.

7.4.3 Seed tree management

Active management of trees will improve on-farm seed production.
Management options include weed control around the seed trees, fertilizer
application, opening up to allow free crown growth, pruning dead and
non-productive branches, maintaining a clean understorey to facilitate seed
collection (and reduce fire hazard), and implementing pest and disease
protection measures.

Recommended initial and final spacings for some commonly encountered
tree species when to be used as seed sources

Species Initial spacing (m) Final spacing (m)

Azardirachta indica 8x8 5X5,6X6,8X40r8x8

Calliandra calothyrsus
Crotolaria spp.
Gliricidia sepium
Grevillea robusta
Leucaena spp.

Melia volkensu
Moringa oleifera
Prunus africana
Sesbania sesban
Tephrosia spp.

Vitex keniensis

3X3,4X20r8 X2
0.5%0.5
3X3,4X20r8x2
3X3,4X20r8 X2
3X2o0r4x2
2.5%X25 3X30r4x4
3X3,4X20r8 X2
4X4or5HxX5H
3X20r4x2
0.5%0.5
6 X6

3x2,3x30r4x2
0.5%0.5
4xX4,8%xX20r3 X6
3X6,4X40r8Xx4
3X2,3x3o0r4x2
5X5,6%X6,8X40r8x8
3X6,4X40r8Xx4
5X5,6%X6,8X40r8x%x8
3X2,3%xX30r4x2
0.5%0.5
5X5,6X60r8 x4
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Figure 7.5 Some examples of different planting configurations and spacings
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Source: IFSP visual extension material, 2001. B

Seed tree planting on farms should be developed for multiple products and
services and not solely for seed production. Seed trees can serve as shade
trees, border trees, hedgerows, to improve soil fertility, bee-keeping or to en-
hance soil and water conservation. Seed trees, along with other trees, can also
be managed to produce fodder, fuelwood, timber, fruit and other products,
resulting in added total value for the farmer.

Dead seedlings should be replaced a few months after planting, for instance
during the next rainy season. When the survival rate is more than 80%, the
replacement of seedlings is usually not necessary; however, replacement must
be done when the survival rate is less than 80% (see figure 7.6).

7.4.4 Establishment of small-scale seed production stands

Seed production stands or seed orchards should be established with at least
1000 plants derived from at least 30 different selected mother trees.

After thinning, at least 100 trees (genotypes) should be guaranteed at all stag-
es of the seed production unit. The site for establishment should meet the
requirements of the species in question for all ecological conditions. Ensure
that land tenure or land use rights are secure.

The minimum size of the unit should be 0.1 ha to 0.25 ha, which corresponds
to 4,000 to 10,000 trees planted at a spacing of 0.5 m X 0.5 m for species
like Crotalaria and Tephrosia. For species that require a wider spacing such as
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Figure 7.6

7.5

Replacement of seedlings

Source: IFSP visual extension material, 2001. B

4 m X 4 m (like Prunus africana, Warburgia ugandensis or Melia volkensu), the mini-
mum size of the unit should be 0.5 ha, so that 350 trees can be established.
These should later be thinned, leaving at least 100 trees.

The seed used for establishment should be collected from identified seed sourc-
es from superior trees. A moderate amount of intercropping will not hinder
the health of the seed production stand and may even enhance tree growth.

What information on seed sources should accompany seed
when it is distributed?

The movement of tree seed should ideally be accompanied by the following

basic information on the seed source (see chapter 14):

* Geographical location of the seed source.

* Geographical location of the original seed source in the case of a seed
orchard or seed production unit.

* Ecology of the seed source (elevation, temperatures, rainfall, soil types).

* Ecology of the original seed source in the case of a seed orchard or seed
production unit.

e Number of trees in the seed source.

* Age of the seed source.

* Size of the seed source.
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7.6

7.7

The location of the original seed source is important, since this determines
the genetic characteristics of the trees. The actual location of the seed source
can, however, influence seed production.

How do I source seed that is not found locally or that is
difficult to get?

Identify suitable international seed suppliers through the ICRAF Tree Seed
Suppliers’ Directory or through N'T'SCs.

When you identify a supplier, send out a request in which you state the seed
that you want. You should be specific on the species, the quantity of seed that
you require and when you need the seed. When you provide information on
the conditions of the planting site, the supplier may also be able to locate the
best seed source. You should have a good idea of the quality of seed that the
supplier handles. In case there is a doubt about the quality standards of a
particular supplier, request seed samples.

Different suppliers may have seed of similar quality, but they may ask different
prices for the same seed. In such a case, select the suppliers that provide the
lowest prices. However, it is better to pay more for higher quality, since the trees
that you obtain will grow better. ‘Good-quality seed doesn’t cost, it pays.’

The amount of time taken before the seed is delivered is also an important
factor to consider. Sometimes seed is needed urgently, so a general idea of
delivery or lead-times is necessary. In general, plan well ahead of the time that
you want to plant the seed. If you miss one collection season, you may have
to wait at least a year for the next! Request seed in time — to obtain the quality
and quantity of seed that you require, the supplier will need adequate time to
prepare your order. Additional collections may be needed if your request is
for large quantities of seed.

When selecting a supplier the buyer should also consider after-sales follow-
up, replacement of bad supplies, and other matters that could arise after the
actual sale and transfer of seed is completed.

How do I determine the quantity of seed required?

The quantity of seed required can be determined fairly accurately if complete
information about the uses to which the seed will be put is available. Seed for
research is required in small quantities, with some variation depending on the
experiment. Seed for dissemination activities is required in larger quantities.
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When determining the quantity of seed required, basic information needed
includes the area of land to be planted and the spacing at which the trees will
be planted. Other factors to consider are the average level of purity of the
seed, expected germination percentage for the species, and expected mortal-
ity of seedlings in the nursery and after planting in the field. You should also
think of the thinning that you will do later.

For example, assume that you want 200 trees in your field. You may expect
20% of the trees you plant to die after planting and you want the surviving
80% to equal 200. Thus: if 80% of the trees planted equals 200, then 1%
equals 200/80 = 2.5. You therefore need to plant 2.5 X 100 = 250 trees. If
half of the seedlings die in the nursery, you need to sow 250 X 2 = 500 seed-
lings in the nursery. With a germination rate of 25%, you need to order for
500/25 x 100 = 2000 seed. You can see from this example that if you had
only ordered the same amount of seed as the number of trees that you wanted
in the field, you would only have obtained 20 surviving trees.

If you know the weight of the seed, calculate the weight of seed that you re-
quire. However, it is better to order a specific number of seeds than a specific
weight of seed. The reason for this is that seed weights for the same species
may vary among seed sources or among years.

Seed arrives so that it may be sown immediately. You need to plan ordering,
obtaining and sowing of seed properly so that as many as possible will produce
seedlings. In the case of recalcitrant seeds, which cannot be stored (see chap-
ter 10), you need to inform the supplier of the exact time when you require
the seed.

Other seed can be stored for longer periods. Seed can be ordered at any time,
but you need to ensure that your storage facilities are ready when you obtain
it. Seed loses viability during storage (see chapter 10), therefore, you should
adjust the number of seeds that you keep in store to meet the required number
of trees that you want to plant.

Another reason to match the trees that you want to plant in a particular season
with the seed that you keep in storage is that you want to save costs and stor-
age space.

For buyers with basic laboratory facilities, the purity, moisture content and
viability of a sample of the seed should be determined (see chapter 12). Apart
from confirming the information provided by the supplier, these tests also ena-
ble the buyer to know what to expect when the seed is sown. Such information
may also help to inform the supplier of the exact amount of seed to supply.
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Chapter 8:

Seed Collection

Summary

8.1

8.2

8.3

Where should tree seed be collected?

Seed should be collected from a location with similar environmental
characteristics to the planting site — such as rainfall or altitude — unless you
have information that the trees species (or provenance) from a different
environment will also grow well.

Seed can be collected from a wide range of sources (see chapter 7), but
basic principles of seed collection should be followed to ensure the quality
of the seed is good (see question 8.7).

More on page 112

What do I need to do before collecting seed?

Obtain permission from whoever owns/has rights to the seed source.
Check for any written information or available local knowledge for the
species you plan to collect.

Carry out a flower and seed survey — observe flower distribution, flowering
period and differences in flower maturity of different trees.

Observe the maturity of seed (more than 60% should be mature), and
whether there are pests or diseases.

Assemble a collection team. You can calculate the number of people that
you need based on the amount of seed that needs to be collected, and the
number of seed that an individual can collect.

Obtain all the necessary equipment and materials.

Organize transport and accommodation.

More on page 112

When should I harvest the seed?

Harvest when the majority (>60%) of the seed is mature.
More on page 113
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8.4

8.5

8.6

8.7

8.8

How do I tell when the fruits or seed are mature?

Observe the colour change of pods or fruits.
Carry out a cutting test to examine the interior of 100 seeds.
More on page 113

How do I know how much to collect?

Consider the number of plants that are needed.
Estimate the number of seeds or plants that could die during storage, in
the nursery or after planting.
Calculate the cost of collection. Think of the distance to the seed source,
the number of collectors, and how much they can collect per day.

More on page 114

Is it better to collect from the natural forest or to buy seed from

a farmer?

It 1s good to collect seed from the natural forest (if' the conditions of the
forest are good) since the seed source is well known. Collect seeds from
many trees to ensure their genetic diversity.
If a farmer has collected the seed in a way that has maintained its quality
and can provide all the documentation on the seed; then you may as well
buy from the farmer instead of collecting the seed yourself.

More on page 115

What are the basic principles of seed collection?

Collect seed when trees are at the peak of seed production.
In natural forest, collect seed from trees that are a distance of 50—100 m
from each other to ensure genetic diversity.
In farmland, it may be better to collect seed from trees of the same species
from around 4 to 10 farmers who have land in the same ecological zone.
Collect seed from at least 30 healthy mother trees and avoid isolated trees
to maintain enough genetic variation.
Collect equal amounts of seed from each tree to ensure that the genetic
information of each tree is equally represented.

More on page 115

How should tree seed be collected?

There are various collection methods, which one is best under particular
circumstances depends upon the amount of seed required, the type of tree
and resources available. Appropriate safety measures should be in place.
If you collect fallen fruits or seeds, make sure the ones you collect are
healthy and free from insect damage.
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* You can directly collect seed from smaller trees while standing on the
ground or on the back of a vehicle, using tools such as telescopic shears,
hooks or secateurs.

* You can also shake the trees and then collect the fruits or seeds that fall to
the ground.

* You can collect seed from tree crowns using a ladder or a pair of climbing
irons. For safety and effectiveness, seed collectors should be trained and
should work in teams of two or three people when climbing trees.

More on page 116

8.9 How do I handle fruits between collection and processing?

* Ensure they are protected from insects, birds, rodents and other animals.

* Fruit containing orthodox seed (see chapter 10) should be stored and dried
in well-ventilated containers in a cool and shady place before extracting
their seed. Suitable containers are baskets, loosely woven sacks or netting
material.

» TFor recalcitrant seeds (see chapter 10) you need to maintain their high
moisture content. The best option 1s to take the fruit immediately after
collection to the place where the seed will be extracted. Alternatively, store
the seed or fruit immediately in moist media and never keep them in the
sun.

More on page 120
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8.1

8.2

The physical, physiological and genetic qualities of seed must be maintained.
Strictly following the rules of seed collection and seed handling will ensure
this high quality. Always remember that bad quality seed will result in bad
quality trees.

The choice of seed collection method depends on many factors, including
the amount of seed required, the relative size of fruit or seeds, the number
and distribution of fruits, fruit characteristics (including stage of ripeness),
and characteristics of the individual tree, stand and site. Before seed collec-
tion starts, some important activities such as the identification of suitable seed
sources, a flower and seed survey, and detailed planning for seed collection
should be conducted.

Where should tree seed be collected?

Seed should be collected from a location with similar environmental charac-
teristics to the planting site. Rainfall or altitude should be similar for both en-
vironments unless you have information that a species (or provenance) from a
different environment will grow well (see chapter 6). Seeds can be collected from
a wide range of sources (see chapters 1 and 7), but you need to follow the basic
principals of seed collection to ensure that good-quality seeds are obtained (see
question 8.7).

What do I need to do before collecting seed?

Before you do anything else you need to establish who is the owner of the
seed source, and whether or not you need to obtain permission to collect seed.
Once this is established and you have the necessary permissions you can then
plan the rest of the collection process.

Prior to actual seed collection, find out if there is any existing written informa-
tion and any available local knowledge about the species that may help you.
Also carry out a flower and seed survey. Aspects of flowers and seed that you
should check for are:

* Flower distribution among the trees and the flowering period.

* The degree to which individual trees flower at the same time.

* The expected amount of seed that could be collected.

* The maturity level of the seed.

* The level of pests and diseases on flowers or seed.

You should also have a detailed seed collection plan in place. In terms of plan-
ning the logistics of seed collection, you should:
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Table 8.1

8.3

8.4

* Verify accessibility of the seed source and transport needed.

* Determine what equipment and materials are needed, such as secateurs,
canvas, polythene and netting sheets, cotton bags, canvas bags, sisal sacks,
labels, hooks, lopping shears, ropes, ladders, protective clothing, machetes,
binoculars, plant identification books, plant presses, newspapers, boxes for
specimens, tags, field notebooks, pens, pencils, and a first aid kit.

* Assemble a collection team. Base the number of people that you need on
the amount of seed to be collected and the method of collection.

When should I harvest the seed?

Harvesting should take place when the majority (>60%) of seed is mature.
Details on how to determine seed maturity are given in the next section (ques-
tion 8.4) and you can assess the percentage of mature seed using what is known
as a crop rating system as shown in table 8.1.

How do I tell when the fruits or seed are mature?

Observe the colour change of fruits. For example, pods may change from
green to yellow or brown when they are mature or cones may change from
green to brown.

Sample at least 100 seeds or fruits picked randomly, then carry out a cut-
ting test to examine the inside condition of the seed (see figures 8.1 and 8.2).
Check the state of development or maturity and for damage by pests, diseases
or other agents in the pods. A mature seed has a firm embryo, while immature
ones have a milky endosperm or embryo. A legume seed is usually mature
when it can no longer be crushed between the thumb and forefinger.

The cutting test can also be used to estimate the average number of mature
seeds per fruit.

Example of a crop rating system

Crop rating (%)  Crop description Observations

0 None No seeding trees

10-30 Poor Fruit on some border trees and a few dominant trees
inside the stand

40-60 Medium Fruit on most border trees and on dominant trees
inside the stand

70-90 Good Almost all trees bear fruit (except suppressed ones)

100 Full All trees bear fruit (except some suppressed ones)
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Figure 8.1 Cutting test to determine seed vigour and disease infection

Figure 8.2 Cutting test of Warburgia ugandensis to determine maturity

8.5 How do I know how much to collect?

Consider the number of plants that you need. Estimate the losses of trees
when seeds die during storage, when seedlings die in the nursery, and when
plants die after planting in the field (see question 7.7). As you can see, you will
need to collect more seeds than the number of surviving trees you want in the
field.
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8.6

8.7

Calculate the cost of collection. The cost of collection is determined by the
distance to the seed source, the number of people involved, their productivity;
their pay per day; and the amount of seed actually collected.

The most economical collection method is that of good-quality seed collected
from carefully selected seed sources in well-planned collection expeditions, by
well-trained personnel under professional supervision.

Is it better to collect from the forest or to buy seed from a
farmer?

The advantage of collecting forest seed is that you are certain of the seed
source and you know that the resultant trees will be well adapted to the local
environment. You can also ensure that the seed is of good genetic, physical
and physiological quality when you collect it yourself.

However, if a farmer has all the information on the seed source and can docu-
ment collection in a way that demonstrates good quality, then you may as well
buy seed from the farmer, instead of collecting it yourself. This is cheaper, and
it also supports the collecting farmer’s seed production effort. In the long run,
it is a sustainable way of making seed available in an area.

What are the basic principles of seed collection?

In order to collect seed with wide genetic variation, seed collection activities

should follow these principles:

* Collect seed when trees are at the peak of seed production (when the
majority of seed is mature or has a crop rating of more than 60%). The
first fruits that are produced are often not fully mature and may contain
poor-quality seed.

* Ensure seed is collected from widely distributed trees, ideally 50-100m
from each other, in order to ensure genetic variation in your collected seed.
The closer trees are, the more likely they are to be related. In farmland
it may therefore be necessary to collect from several adjacent farms (see
question 7.3).

* Tty to collect seed from at least 30 healthy mother trees. By collecting from
many different mother trees, you ensure more genetic variation. When
the genetic variation in your collection 1s small, you run the risk of trees
growing poorly.

*  When trees do not all flower and fruit in the same period, you may want to
visit the seed source several times. Trees that flower at different times are
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likely to have distinct genotypes, and you need to collect as many different
genotypes as possible.

You should collect from different places in the crown of a seed tree since
the seed 1s more likely to have been pollinated by different fathers, thus
providing more genetic variation.

Collect equal amounts of fruits or seed from each tree. In this way, you will
ensure that the genetic information of each seed tree is equally represented
within the seed lot.

Ensure that there are two labels (one inside and one outside the bag) on
which the name of seed species, collection date, seed source and number
of mother trees collected from are recorded. You may also include the
names of the seed collectors, and the weight or the estimated number of
seeds. This will help you remember where certain seeds come from (see
chapter 14). Seed without documentation has a much lower value and
quality, since there is no proof that it was collected according to the rules
of good-quality seed collection.

8.8 How should tree seed be collected?

Seed can be collected using various methods. The choice of method depends
on the growth form of the trees, the quality and quantity of seed required,
and the logistics and experience of the collection team. Seed collection be-
comes more difficult, dangerous and expensive when trees are tall.

8.8.1 Collection of fallen fruit or seed

Collection of fruit or seed that has fallen from the mother tree is an easy and
cheap seed collection method that is very applicable to trees established on
farmland. Collection of fallen fruit or seed is often the best method for local
use. However, this method has several disadvantages:

Seed that have fallen are prone to attacks by pests or diseases. Often, the
pressure of pests or diseases is greatest near the mother tree.

You cannot be sure that the seeds all originated from the tree under which
you collect, since animals and wind disperse some seeds over large distances.
It is even possible that some seeds will have originated from other species,
in which case the purity of your collection will be lower than 100%. This
method should therefore not be used when basing your selection on the
mother tree’s superior characteristics. However, collecting seed from
the ground is a very good method when you want a random
collection of seed from a wind-dispersed species.

Some seeds will die quickly after they have fallen, or will start germinating
immediately and cannot be stored.

It is almost impossible to collect small seed.
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Figure 8.3

8.8.2 Collection from the crown of felled trees

You can collect seed from trees that are normally felled for other purposes such
as timber. This is an easy and cheap method but requires that logging corre-
sponds with the period of seed maturity.

The disadvantage is that, when you collect from trees that have been felled for
a while, the fruits or seed are often too dry and many will have died. Obviously,
felling the tree is a destructive method that does not allow for further collec-
tions from the same tree.

8.8.3 Collecting directly from trees without climbing

You can collect seed from some species while standing on the ground, on a
small platform or on a vehicle. You can use telescopic shears, hooks, secateurs
or ropes, as shown in figure 8.3.

Collection of Sesbania sesban with telescopic shears at Muguga site,
Kenya
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Figure 8.4
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Often, you can collect more seeds if you shake the tree as shown in figure 8.4.
The easiest way to collect seed from a shaken tree is to put a sheet, canvas or
tarpaulin on the ground first. Fruits fall faster when their stalks are dry and
brittle. It is therefore best to use this method around midday when air humid-
ity 1s low.

Disadvantages of shaking a tree to collect seed are:

* It cannot be applied to every tree.

* Tree branches may be too high to access without climbing;
* Branches could break when you bend them.

* Small seeds may be dispersed too far away for collection, especially under
windy conditions.

8.8.4 Collection from the crown by climbing

For this method, you climb the tree using either ladders (figure 8.5), a pair
of climbing irons, a tree bicycle, or mountaineering ropes and equipment.
Bamboo or aluminium ladders are easy to carry and safe if used properly.

Although farmers are often excellent tree climbers, it is better to use trained
climbers to limit the risks. Using trained climbers and professional climbing
equipment means that collection will be quite expensive. Costs could be lim-
ited by establishing a seed production stand after collecting from a minimum
number of mother trees from the original seed source, or by collecting from
trees in farmland that were established from the original source.

For safety reasons, collectors should work in teams of two or three when climb-
ing trees. A fall from a large tree can be fatal, therefore, it is very
important to follow these safety regulations.

Seed collection by shaking and pulling the branches of Warburgia
ugandensis
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Figure 8.5 Collection of Eucalyptus saligna capsules from the crown using ladder
sections

* Climbers should wear a safety harness or hip belt, climbing line and
safety line, as shown in figure 8.6.

* Climbers should be especially careful on trees with brittle branches.

* Collection should not be done next to power lines.

* Climbers should be physically and mentally fit and alert.

* Climbing equipment should be inspected for damage before use.

* People on the ground should also wear hard hats and be careful of falling
objects such as branches, heavy fruit or climbing equipment.

¢ Climbers should be careful of wasps or bees.

The disadvantage of using ladders is that the tree stem needs to be relatively
straight. When using sectional ladders, you should be able to tie each section
to the tree.

For collection in the crown a pair of climbing irons (spurs) may be used. The
disadvantage of using spurs is that there is a risk of slipping. Spurs should only
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Figure 8.6 A seed collector in protective clothing and with seed harvesting equipment
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8.9

be used on trees with thick bark and soft wood. The holes that spurs make in
the trees could be entry points for fungi. Frequent collection from the same
tree should therefore be avoided.

The disadvantages of using a tree bicycle are that the maximum circum-
ference of the tree is limited to 80 ¢cm and forks and branches in the tree
cannot be passed.

8.8.5 Other collection methods

Some specialized methods include:

* Shooting down branches.

* Cutting branches with a flexible saw that is attached to two ropes.
» Using monkeys trained to collect seed.

How do I handle fruits between collection and processing?

Store seed temporarily in good conditions and protect it from insects, birds,
rodents and other mammals. Fruit or seed should be stored in a similar way to
that used to preserve food for later consumption.

Tree Seeds for Farmers:
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Freshly collected seeds within their fruits have moisture contents of around 15%
(for orthodox seeds) and around 50% (for recalcitrant seeds) (see chapter 10).
Fruit of orthodox seed should be stored and dried in well-ventilated contain-
ers in a cool and shady place. Suitable containers are baskets, loosely woven
sacks or netting material. The sacks and baskets of fruit should be hung or
stacked on planks to allow air circulation while awaiting seed extraction.

Recalcitrant seed must maintain a high moisture content to maintain viability.
The best option is to bring the fruit immediately after collection to the place
where seed will be extracted. An alternative is to have moist media for storage
prepared at the collection site; for example, 2 volumes of moist sawdust for
every 1 volume of fruit. The common practice of using polythene bags for the
temporary storage of fruit should be avoided, since the fruit is likely to sweat
and overheat, and the seed inside will die.

Each container of fruit must be labelled, as shown in figure 8.7 with at least
the basic information (species, seed source, number of mother trees, and col-
lection date). Always use two labels, one fixed to the outside of the container
or bag and one fixed inside together with the seed. The labels and ink should
be waterproof. If you lose the label on the outside of the bag, you can then
still check the identity of the seed from the label on the inside. Seed without
identity will lose most of its value as there will be no guarantee that it is of the
right species and source (see chapter 14).

Figure 8.7 Seed labelling

Species: ..o,
Seed sources: ............
Collection date:
Collector:

Source: Mulawarman et al., 2003. B
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Chapter 9:

Seed Processing

Summary

9.1 Why is it important to process seeds?

Seed processing is carried out to safeguard physiological and physical

qualities of the seed.

Seed usually forms part of the harvested fruit, therefore some form of

processing is necessary to extract the seed from the fruit and to make it

ready for storage or sowing.

Seed processing reduces the storage space needed and makes sowing easy.
More on page 125

9.2 What does seed processing involve?

Sorting fruit.
Removing seed from fruit (extraction).
Cleaning and grading seed.
Drying seed.
More on page 125

9.3 How do I extract seed from the fruits?

Select all mature fruit for extraction. Discard all the undeveloped fruit and
any that are infected with insects or diseases. Fruit that is not fully mature
can be kept separate to allow ripening.

To extract seed from fleshy fruit soak the fruit in water for 1 or 2 days to
soften the flesh. Then squeeze and rub the fruits against a wire mesh without
crushing the seed. Add plenty of water while scrubbing and washing the
fruit. The fleshy material will separate from the seed as it floats on the water
while the seed sinks to the bottom. Seed of Azadirachta indica, Dovyalis caffra,
Tamarindus indica and Prunus africana can be extracted by this method.
Seeds with hard coats can be extracted from pulpy fruit by pounding. Fruit
should be soaked for 1 or 2 days to soften the pulp, then pounded using a
pestle and mortar. Fruits of Melia volkensu, Melia azedarach, Sclercarya birrea
and Cordia africana can be extracted by this method.

Non-fleshy fruits such as pods, capsules or cones can be dried in direct
sunlight. Spread them in thin layers to allow good aeration and turn them
over frequently and thoroughly. Most seeds in capsules or cones will easily
open after drying, for example, Eucalyptus saligna and Casuarina equisetifolia.

123



124

Other non-pulpy fruits need to be dried for 2-5 days, after which the fruit
needs to be threshed to break it open and to obtain the seed. Species that
need threshing after drying include Leucaena spp., Calliandra calothyrsus, Acacia
spp. and Sesbania sesban.

Some non-pulpy fruits with hard coats need to be dried for 5-7 days, after
which the fruit is simply broken with a knife, hammer or stone to remove
its seeds. Species that are processed this way include Croton megalocarpus,
Delonix regia and Swietenia macrophylla.

More on page 125

9.4 What other extraction methods can be used?

Use of termites: Heap the fruit/pods in a sunken basin and covered with
a layer of dry grass. Water the whole heap to attract termites and cover
the heap with a black polythene sheet to keep it dark. The termites eat
the fruit and leave the seed. Seed of Prosopis juliflora, Terminalia brownu,
Termunalia prunioides, Kigelia africana and Samanea saman can be extracted by
this method.
Use of ruminants such as goats: Fleshy fruit and several indehiscent dry
fruits are adapted to being ingested by animals. The animals digest the fruit
and pass out the seed in their stools. Seed of Melia volkensi can be extracted
by this method.

More on page 127

9.5 HowdoI clean seeds?

Seeds can be cleaned by various methods including winnowing, screening or
sieving, or flotation. The best method to use depends on the size and type of
seed.

9.6

More on page 128

How do I dry seeds?
Seed 1s dried by laying it out in the sun, but the method depends on the type
of seed.

More on page 130
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Introduction

9.1

9.2

9.3

Seed processing should take place as soon as possible after fruit collection.
Proper seed processing involves fruit sorting, extraction, cleaning, grading,
and drying. Certain steps may be irrelevant for particular species or seed lots
in some conditions. The purpose of seed processing is to extract the seed from
the fruit, reduce bulk and maintain seed quality. If seed processing is not done
correctly or soon, seeds may die.

Why is it important to process seeds?

Seed processing is carried out to safeguard the physiological and physical
qualities of the seed.

Seed usually forms part of the harvested fruit, therefore some form of process-
ing is necessary to extract the seed from the fruit and to make it ready for
storage or sowing. Otherwise it may rot or be more prone to attack by pests.

Following extraction, the seeds are usually mixed with pieces of pulp, fruit
walls or twigs and some seeds may be damaged or empty. All of these compo-
nents are impurities that need to be removed.

Seed processing also reduces the volume of collections meaning that less stor-
age space 1s needed and transport becomes easier. It also makes sowing easy.

What does seed processing involve?

Seed processing involves sorting fruit to eliminate undeveloped fruit and any
fruit with pests or diseases, extracting seeds from the fruit, cleaning and sort-
ing the seed and drying it.

Appropriate techniques that enhance and safeguard the physiological and
physical qualities of the seed must be used. The most common methods are
discussed in the following sections.

How do I extract seed from the fruit?

The first stage of processing is sorting mature fruit ready for extraction. All
undeveloped fruit should be discarded, as should any that is infected with pests
or diseases. Fruit that is not fully mature can be set aside to allow ripening and
processing at a later date. Figure 9.1 illustrates fruit sorting,

Once the fruit is sorted then the seed can be extracted by one of the following
methods depending on the type of fruit.
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Figure 9.1
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ICRAF staff sorting Calliandra calothyrsus pods

See also video clips on sorling seed in a barrel or on a larpaulin. @

Depulping: This method can be applied to all fleshy fruit. Soak the fruit in
water for 1 or 2 days to soften the flesh. Squeeze and rub the fruit against a
wire mesh, taking care not to crush the seed. Add plenty of water while scrub-
bing and washing fruit to remove the fleshy material from the seed. The fleshy
material will float while the seeds sink to the bottom (see also section 9.5.3).
Seed of Syzygium cuminu, Dovyalis caffra, Trichilia emetica, Vitellaria paradoxa and
Prunus africana can be extracted by this method.

Pounding: This is another method for processing pulpy fruits but is only
suitable for those with seeds with hard coats. Soak the fruits in cold water for
1 or 2 days to soften the pulp. Pound the fruits with a pestle in a mortar. Seed
of Melia volkensu, Melia azedarach, Sclerocarya birrea, and Cordia africana can be
extracted by this method.

Threshing: This method is used for non-pulpy fruit that opens when mature
but whose opening is not wide enough to release the seed. Pods often show
this characteristic. Figure 9.2 illustrates separating seed from fruit by thresh-
ing. The seeds may remain attached to the fruit after the process.

For some species, pods may not open when mature. However, when they are
dried for 2—5 days, the outer walls become weak and brittle and break easily
when threshed. Species that need threshing after drying include Leucaena spp.,
Calhandra calothyrsus, Acacia spp., and Sesbania sesban. Seed of Grevillea robusta,
Casuarina spp. and Eucalyptus spp. can be extracted by spreading capsules on
a canvas sheet or wire-mesh screen, then exposing them to the sun for 3—4
days. When the pods dry, they release the seed. Capsules are shaken by hand
to accelerate seed release. The seeds should be protected from rain, birds and
msects.
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Figure 9.2 Threshing Sesbania sesban pods to facilitate seed extraction

9.4

See also video clip on seed threshing. &

Breaking open: Some fruits with hard coats need to be broken open. After
drying for 5-7 days, fruits are broken open with a knife, a hammer or a stone
and their seeds removed. Seed of Adansonia digitata, Swietenia macrophyylla, Delonix
regia, and Croton megalocarpus can be extracted by this method (see figure 9.3).

What other extraction methods can be used?

Termites can break down some fruit. Heap the pods in a sunken basin and
covered with a layer of dry grass. Water the whole heap to attract termites,
then cover the it with a black polythene sheet to keep the heap dark. It takes
3—7 days for the seed to be separated from the fruit. Seed of Prosopis juliflora,
Terminalia brownir, Terminalia prumioides, Kigelia africana and Samanea saman are
extracted by this method. This method is applicable during dry periods. This
method has been used successfully in Kenya by the Kenya Forestry Research
Institute—Japanese International Cooperation Agency (KEFRI-JICA) project
in Kitui (a semi-arid area).

Figure 9.3 Fruit of Adansonia digitata need to be broken open to extract seed
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9.5

Ruminants can ingest some fruits. Fleshy fruits and several indehiscent dry fruits
are adapted to being ingested by animals. Seeds and stones are often left clean
and intact after ingestion, although in some species a relatively large amount
of seed may be digested. Melia volkensiu fruits can be extracted by this method.
Note that you will need to extract seed from dung if you use this method.

How do I clean seeds?

Cleaning and sorting helps to maintain high physiological and physical quali-
ties. Following extraction, the seed is usually still mixed with pieces of pulp,
fruit walls or twigs. Some seeds may be damaged or still empty. All these com-
ponents are impurities that need to be removed. The best method of cleaning
to use 1s determined by the seed size and type.

9.5.1 Blowing and winnowing
Blowing and winnowing work on the principle that the impurities weigh less
than the seed. Wind blows away the lighter impurities, leaving good-quality
seeds, as shown in figures 9.4 and 9.5.

Figure 9.4 Sesbania sesban — cleaning seed by blowing
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Figure 9.5 Sesbania sesban — cleaning seed by winnowing

9.5.2 Screening or sieving
Seed is separated from impurities by differences in thickness or diameter, as
shown 1n figure 9.6.

Figure 9.6 Sieving Sesbania sesban seeds
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9.6

9.5.3 Flotation

This method is based on the principle that full seed is heavier than impurities.
The good seeds will sink in water, while damaged or infected seeds float and
should be skimmed off, as shown in figure 9.7.

How do I dry seeds?

Orthodox and intermediate seed (see chapter 10 for more information on the
types of seeds) can be sun-dried in containers, as shown in figure 9.8. Seeds
should never be dried on polythene sheets, since temperatures can easily rise
above 45°C, killing the seed. Orthodox seeds can also be dried above a fire-
place (smoke drying). Again care should be taken not to overheat the seed.

Figure 9.7 Tephrosia vogelii — cleaning seed by flotation
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Figure 9.8 Sun-drying seed of various species

Recalcitrant seeds should be dried in the shade to retain a high level of mois-
ture content (20-40%), in order to keep them alive.
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Chapter 10:

Seed Storage

Summary

10.1 Why should I store seeds?
Seeds are stored because it enables them to be:

Kept in good condition until they are planted.
Planted in later years when trees produce few seeds.
Conserved for their genetic diversity.

Held against increased demand from customers.
Prepared for distribution.

Protected against attacks by pests or by diseases.
Retained for food security.

More on page 136

10.2 How should I prepare seed for storage?

In order to improve seeds’ lifespan, dry seeds just before storage and as

quickly as possible after extraction.

Consider the physiological storage classes as related to temper-

ature and moisture content for instance,

— Recalcitrant seeds (sensitive to low moisture content and high
temperature).

— Intermediate seeds (sensitive to low temperature thus should be
stored in conditions of high temperatures and low moisture content).

— Orthodox seeds (not sensitive to low temperature or low moisture
content but require proper storage).

More on page 137

10.3 How long can I keep tree seed?

Even under the best storage conditions, seeds that have died will not come
back to life. Handle seeds properly before storing.

The length of time that seeds can stay alive varies greatly by species, by
different provenances of the same species and by storage conditions.

At the farmer level, under fair to good conditions, the seed of many species
will stay alive for 1 or 2 years. Such seed is called orthodox seed. Examples
are Acacia and Eucalyptus spp.
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The seed of some species can only be stored for 1 or 2 weeks in ideal
conditions. If these seeds lose moisture, they die. Such seed is called recal-
citrant seed. Examples are Syzygium cuminir, Vitellaria paradoxa and Trichilia
emelica.
Under the proper storage conditions, the seed of some species can be
stored for 4 weeks. Such seed is called intermediate seed. An example is
Carica papaya.

More on page 138

10.4 How should I store orthodox seeds?

Store the seeds in clean, dry and airtight containers. The volume of air in
the container should be small in comparison to the volume of seed.
Under ideal conditions, good containers for a medium storage period
(<1 year) are metal tins, clay pots, and thick polythene bags.
Good containers for a long storage period are thick polythene bags that are
tightly sealed with wire and placed in tight, tough plastic containers such
as drums, barrels, or plastic jerry cans. Other long-storage containers are
gourds, glass jars that have a rubber lining and screw lid or glass bottles
that have screw lids.
The containers should be stored in a place that is cool, dark, dry and well-
ventilated. The containers should not be placed directly on the floor.

More on page 140

10.5 How should I store intermediate seeds?

After seeds have reached an appropriate moisture level, store them in

ambient conditions (normal surrounding temperature, humidity and

light).

Store them in a clean, dry, airtight container.

Store them for a short period only (46 weeks) under ideal conditions.
More on page 141

10.6 How should I store recalcitrant seeds?

Ensure that the seeds maintain their high moisture content and are stored
at an ambient temperature. Store the seeds for 1 or 2 weeks in permeable
containers or bags to allow some ventilation.
To maintain humidity, store the seeds in a medium (moist sawdust, peat
or vermiculite) that is slightly moistened with distilled or de-ionized water.
The ratio of seed to medium should be 1:2.

More on page 141
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10.7 How do I keep relative humidity low during storage?

Put seeds in airtight containers and store them in a dark place.

Store seed containers in a cool dry place and do not open them
frequently.

If containers are not completely airtight or if samples are frequently taken
out, seeds may be stored with a desiccating chemical like silica gel or
charcoal.

If seed is to be removed on a regular basis, put it in several smaller contain-

ers rather than in one large container.

More on page 141
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When seed is not kept under good conditions, it quickly dies. Seed can main-
tain viability for long periods if it is properly stored. This chapter describes
good ways of keeping seed alive and proper seed storage.

10.1 Why should I store seeds?

Tree seed is stored for various reasons. All reasons for seed storage encompass

some element of future use of the seed.

The main aim of seed storage is to keep the seed alive and in good
condition.

Good seed years must be taken advantage of especially for species that
only flower periodically. Ocotea usambarensis and Dipterocarpaceae for
example, only flower once in several years. Similarly, many tree species do
not produce the same amount of seed each year. Therefore, you may want
to collect more seed in the year when production is high for use in years
when production is low.

Conserving genetic information: the threat of extinction to provenances
and species necessitates taking measures to conserve seed genetic informa-
tion. Long-term seed storage, for example, conservation of seed by the
Millennium Seed Project of The Royal Botanic Gardens, Kew, is one of
the important measures of genetic conservation.

Preparation for the planting season: if the harvesting and planting seasons
do not coincide, you may need to store seed to bridge the time between
collection and sowing.

Future demand: the demand for a certain species may be very low when
you collect the seed, but may be higher than the production at a later time.
Under these conditions, you need to keep some seed in stock so that

you can buffer the differences between demand and supply.

Avoiding deterioration: even if the time between collection and planting
1s very short, pests such as rodents, birds or beetles or fungi can attack
the seed. You should store the seed in a place that is free from pests and
pathogens.

Security: another reason for storing seed even if the time between collection
and planting is short is to keep them safe. Demand for seed can be very
high, such that it raises the probability of seed being stolen.

Food storage: You may wish to store seed so that you can use it at a later
date as food. In some countries, tree seeds and fruits are eaten. Examples of
such species include Zamarindus indica, Adansoma digitata, Jiziphus mauritiana
and Acacia spp.
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10.2 How should I prepare seed for storage?

Carry out seed drying just before storage and as quickly as possible after
extraction. This helps to:

* Avoid seed deterioration in store and thus improve its lifespan.

* Reduce rotting of seeds in store.

* Improve resistance of seed to pests and diseases during storage.

Tree species are divided into three different classess according to the
maximum period that their seed can be stored, taking into consideration their
temperature and moisture content requirements. Note that in nature, species
will show a continuous range in their maximum storage period. However, the
three classes guide you on the best storage period for each species. Note once
more that the storage time depends on optimal storage conditions;
under bad conditions, all seeds will die quickly.

Recalcitrant seeds should be dried under shade to retain a high level of
moisture content (20-40%), in order to keep them alive. The temperature at
which the seed is stored should be around 12—15°C. Recalcitrant seeds cannot
be kept for long under conventional conditions in seed storage containers.
Examples of recalcitrant seed are Mangifera indica, Persea americana, Syzygium
cumint, Irichilia emetica and Vitellaria paradoxa.

Intermediate seeds can only withstand a limited level of drying — to a
moisture content of 15-19%. They are sensitive to low temperature, thus
should be stored in high temperatures. Intermediate seeds cannot be stored
for a very long time before losing viability. You should use shade drying or air
drying methods that are suitable for seeds extracted from pulpy fruits. Air dry
for 1-3 days before storing or plant the seeds immediately for better germi-
nation. Examples of intermediate seed are Azadirachta indica, Maesopsis eminu,

Dovyalis caffra and Artocarpus heterophyllus.

Orthodox seed is commonly dried under direct sunlight for 2-3 days to a
moisture content of 5—8%. The period of drying will depend on the relative
humidity of the air, the species and the air temperature. Orthodox seeds can
also be dried above the fireplace (smoke drying), or where farmers dry their
firewood during the rainy season. You should be careful not to overheat and
kill the seed. Orthodox seed can be stored for a fairly long period of time be-
fore losing viability. As a rule of thumb, for orthodox seeds, the mean viability
period (seed life-span) doubles each time the moisture content is lowered 1%
below the maximum 14—15% moisture content level that is acceptable for
storage.
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Seed can be treated against pests with locally available preservatives, for ex-
ample, leaves of neem or the ash of any other tree species, before storage.
Each container should have two labels — one inside and one attached outside
with at least the species name, date of collection, number of parent trees, seed
source, weight of seed and collector’s name.

10.3 How long can I keep tree seed?

The length of time that seed remains alive varies according to the species or
the place where the seed was collected. The length of time also varies between
seeds of the same species that were collected from the same place. This time
also depends on morphological, physical, physiological and health conditions
of the seed. The length of time that seed stays alive depends very much on the
storage conditions — when storage conditions are bad, all seed dies quickly.

In general, seed loses viability as time progresses until ultimately, all seeds die.
The viability of seed is expressed as the percentage of the number of seeds
that germinate from the whole lot after a given period of seed storage. A gen-
eral graph of the loss of viability of a collection of orthodox seeds is shown in
figure 10.1. All the seeds will have died after 18 years; 50% of the seeds will
have died after 9 years; whereas only 20% of the seeds will have died after
2 years. This is only an example — the period for which seed can be stored

varies from species to species — some can be stored for longer than this and
others for much less.

Figure 10.1 Viability of seeds over a period of 18 years
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Seed that is stored under conditions that are less favourable to its survival will
lose viability more quickly. Figure 10.2 shows how the same seed loses viability
more quickly when stored under worsening conditions. The third curve, for
example, shows that all seed will have died after 9 years, and 50% of it after
5 years. This 1s an indication of the importance of storing seed properly.

As mentioned above, the period that seed can stay alive depends a lot on the
species to which it belongs. Some species (see figure 10.3) cannot be stored for
long periods whatever the storage conditions. Other species can be stored for
long periods so long as the storage conditions are good.

Figure 10.2 Viability of seeds over a period of 18 years under three worsening
conditions
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Figure 10.3 Recalcitrant seed of Inga edulis germinates even before the pod is
harvested
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10.4 How should I store orthodox seeds?

Orthodox seeds should be stored in clean, dry airtight containers (see figure
10.6). The containers should be properly filled with seed, and then closed off
after the seed is put in. Gourds can also be used as seed storage containers
(see figure 10.4).

If properly dried, orthodox seeds can be stored at room temperature. Most
seeds can be stored for longer periods in refrigerated conditions (0°C to 5°C
or even down to —20°C). Some hard-coated species can be stored at room
temperature almost as long as when refrigerated.

Orthodox seeds of most species will remain viable for 1-2 years when stored
under fair to good conditions at the farmer and NGO level. Viability can be
extended by reducing seed moisture contents and by lowering the storage
temperature.

As a rule of thumb, the mean viability period doubles each time the moisture
content is lowered by 1% below the 14-15% moisture content which is the
maximum content for successful storage. In other words if the viability was
2 years at 14% then if you drop the moisture content to 13% it will be 4 years.
Similarly, again as a rule of thumb, the mean viability period doubles each
time the mean storage temperature is lowered by 5°C. This ranges from the
highest temperatures encountered during the drying of orthodox seeds (50°Cl)
down to 0°C. Figure 10.5 shows the relationship between seed moisture con-
tent and storage problems at different storage temperatures.

In general, orthodox seeds are stored at 5-8% moisture content and at temper-
atures of 0-5°Ci.. See chapter 12 on testing for the moisture content of seed.

Figure 10.4 Using a gourd to store seeds
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Figure 10.5 The relationship between seed moisture content and storage problems at
different temperatures for orthodox seeds
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10.5 How should I store intermediate seeds?

These seeds can withstand relatively low moisture contents (<12%), but they
cannot withstand low temperatures (<5°C). After the seeds’ moisture con-
tent 1s lowered, store them 1n a clean, dry, airtight container for 4-6 weeks at
ambient temperatures. Do not store them in refrigerated surroundings.

10.6 How should I store recalcitrant seeds?

Recalcitrant seeds need to be stored at high moisture levels. They can only be
stored for 1 to 2 weeks before losing viability. These seeds cannot withstand
surroundings with low temperatures or low relative humidity. For short-term
storage, put recalcitrant seeds in permeable containers to allow ventilation.

To maintain their moisture content, recalcitrant seeds should be mixed with a
medium (sawdust, peat or vermiculite) that is slightly moistened with distilled
or de-ionized water. Seeds and the medium should be mixed at a ratio of 1:2,
and then stored at ambient temperatures and kept moist.

10.7 How do I keep relative humidity low during storage?

Orthodox seeds must always be kept in a well-ventilated cool, dark and dry
place as shown in figure 10.6. The seeds’ initial moisture content should be
low enough to avoid respiration.
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If small portions of seed are likely to be removed frequently from the cold
storeroom, seeds should be stored in small amounts. Seed can be stored in
small sealed plastic bags within a larger container. The volume of air within
the container should be low compared to the volume of seeds in the container.
If the amount of air is large, the seeds will absorb a lot of moisture from the
fresh air each time the seed container is opened. Place substances that absorb
moisture such as roasted rice husks, newspapers, charcoal, or silica gel in the
container as the volume of seed decreases.

Note that seeds with a high oil content have a lower moisture content than
seeds with a low oil content and high protein or starch contents.

Figure 10.6 Seed storage in a cold room at ICRAF
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Chapter 11:

Seed Dormancy and

Pre-sowing Treatments

Summary

11.1 What is tree seed dormancy?

» Astate in which viable seed fails to germinate when provided with conditions
that are favourable for germination, for instance, adequate moisture,
appropriate temperature, a normal atmosphere and in some cases, light.

* A constraint which prevents the full realization of the growth potential of
the seed’s embryo under conditions that are favourable for germination of
other tree seed species.

More on page 147

11.2 What is a pre-sowing treatment?
* A pre-sowing treatment 1s a treatment of seed that enhances its rapid and
uniform germination.
* Pre-sowing treatments are most often applied to overcome seed dormancy
and accelerate germination.
More on page 148

11.3 Why should I carry out pre-sowing treatments?
* To enhance rapid and uniform germination of seed.
* To speed up seed germination.
* To safeguard high-quality and expensive seed.
* To use planting space efficiently.
* To be able to predict and concentrate planting and transplanting periods.
More on page 148

11.4 How do I carry out pre-sowing treatments?
You can accelerate seed germination by carrying out pre-sowing treatments.
The best method to use depends on the species that you want to plant.

Common pre-sowing treatments include:
* Soaking in cold water.

* Soaking in hot water.

* Alternate soaking in water and drying.
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* Mechanical methods or scarification: the seed coat is cut, nicked, pierced
with a hot wire, chipped, filed, cracked, dewinged or burned so that it
becomes permeable to water.

* Heating or burning.
* Acid treatment with such concentrated acids as sulphuric acid.
* Soaking seeds in salt solutions like potassium nitrate.

* Biological treatment: these methods are often based on ingestion by large
animals or the effect of insects or microbes.

More on page 149
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Introduction

Seed germination requires suitable levels of moisture, oxygen, temperature
and light. I one or more of these are unfavourable, the seeds will not germi-
nate, but if they are favourable, seeds will normally germinate immediately.
However, some seeds will show no or little germination although all envi-
ronmental conditions are adequate and the seed is viable. This situation is
described as dormancy, and needs to be overcome before germination can
occur. A treatment that breaks dormancy or accelerates seed germination is
referred to as a pre-sowing treatment.

11.1 What is tree seed dormancy?

Dormancy is a physiological state that prevents growth in most seeds, even
when there appear to be the conditions necessary for germination (such as
adequate moisture, appropriate temperature, etc.). Dormancy protects the
seed from germinating at the wrong time. For example, it may have a hard
seed coat that is impermeable to water and needs to be soaked for many hours
before it softens enough to let water through and the seed to germinate. This
would protect the seed from germinating straight after the first light rainfall,
rather than once the rains have arrived properly, as not until the rains had
soaked the ground properly would the seed coat soften enough for the seed
to germinate. If the seed did germinate after the first rainfall the chances are
that it would then be dry afterwards and the new seedling would die from lack
of water.

There are many types of dormancy but they are all based on this basic princi-
ple of preventing the seed from germinating until some kind of trigger signals
that the optimum conditions for germination are present. They can be cat-
egorized as seed coat dormancy, embryo dormancy or a combination of the
two — double dormancy. These are explained in more detail below.

When seed is collected before it has reached full maturity it is also not ready
to germinate, but this is not classified as dormancy. The seeds simply need to
ripen.

Seed coat dormancy

This is also referred to as exogenous (external) dormancy. The embryo 1s
contained within an enclosing structure, which prevents its germination. The
enclosing structure could either be the endocarp (the inner layer of the peri-
carp, for example, the hard, bony part of drupe fruits like neem, teak and
gmelina) or the entire pericarp (the wall of a ripened ovary like a fruit wall).

Chapter 11: Seed Dormancy and
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Seed coat dormancies can be subdivided into:

*  Mechanical dormancy: The development of the embryo is restricted due to a
hard seed/fruit coat.

» Physical dormancy: Entrance of moisture 1s impeded because of an imper-
meable seed/fruit coat.

»  Chemical dormancy: Fruit and seed contain inhibitory chemical compounds
that prevent germination.

Embryo dormancy

This form of dormancy 1s also called endogenous (internal) dormancy, and 1s
directly related to the embryo.

Different types of embryo dormancy are:

»  Morphological dormancy: The embryo 1s not fully developed and needs to
grow to full size through ripening, promoted by warmth and moisture.

*  Physwlogical dormancy: Certain biochemical components need to be activated
before the seed can germinate.

Double dormancy

This 1s a combination of seed coat and embryo dormancy. It is found in fleshy
fruits with chemical inhibitors that are combined with a hard endocarp, for
example, Tectona grands.

11.2 What is a pre-sowing treatment?

A pre-sowing treatment enhances the germination of seed. Such treatments
are often applied to overcome seed dormancy and used to ensure a uniform
germination of seed.

11.3 Why should I carry out a pre-sowing treatment?

* To enhance rapid and uniform seed germination.

* To save high-quality and expensive seed. The treatment ensures the
germination of most of the viable seed. When a smaller percentage
germinates, more seeds will be needed to reach the target number of trees
in the field.

* To ensure eflicient use of seedbeds or tubes so that empty places in the
seedbed are avoided as much as possible.

* To predict the period of transplanting better, so that proper arrangements
can be made.
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11.4 How do I carry out pre-sowing treatments?

Find out from available literature or from seed experts the mechanism of
determining dormancy and the best pre-sowing treatment for your species.
The general method of breaking exogenous and physiological dormancy is
to soften or rupture (remove) the seed coat in some way. This can be achieved
mechanically or chemically. The better pre-sowing treatments accelerate the
natural process so that uniform and prompt germination is achieved. Pre-
sowing treatments vary among species. Some methods only require a few
minutes, while others require several days. The most common are discussed
next.

11.4.1 Soaking in cold or cool water

Soaking in cold or cool water is used to overcome the physical, mechanical or
chemical seed dormancy in some species, as shown in figure 11.1. Seed 1s usu-
ally immersed in cold water of about 4 times their volume. The time can vary
between 12-48 hours depending on the species. This method can be applied
to seeds with a permeable seed coat such as Crotalaria spp., Gmelina arborea,
Dalbergia spp., Sesbama grandiflora and Tephrosia vogelia.

11.4.2 Soaking in hot water

Soaking in hot water is used to overcome the physical dormancy of seeds with
hard, thick and waxy seed coats. First boil water of more than four times the
seed volume, remove the water from the source of the heat and pour it over
the seeds in another pot as shown in figure 11.2. Leave the seeds in the hot
water for 624 hours. Do not boil the seeds, as this will kill them.

Figure 11.1 Tephrosia vogelii is soaked in cold water as a pre-sowing treatment
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Figure 11.2 Soaking Tarmarindus indica seeds in hot water

This method can be applied to the seed of Calliandra calothyrsus, Tarmarindus
indica, Sesbamia sesban, Acacia mangium, Leucaena trichandra, Leucaena dwersifolia and
Iephrosia spp.

11.4.3 Mechanical or scarification methods

These methods are used to overcome the physical and mechanical dormancy
of species with hard and thick seed coats or fruit shells.

Manual scarification is done by nicking (figure 11.3), piercing, chipping or fil-

ing (figure 11.4), cracking (figure 11.5), dewinging (figure 11.6) or burning the
seed. A knife, needle, file, hot wire, burner, abrasive paper or secateurs can be

Figure 11.3 Nicking Calliandra calothyrsus as a pre-sowing treatment

See also video clip on nicking. @
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Figure 11.4 Filing Sclerocarya birrea

See also video clip on filing. &

Figure 11.5 Cracking Melia volkensii

See also video clip on cracking. &
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Figure 11.6 Dewinging Tipuana tipu
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used. Manual scarification is only applied to small quantities of seed due to
high labour requirements. When seeds have wings, the decision on whether to
remove the wings before storage (see chapter 9) or not depends on the species.
In some species, de-winging is a pre-sowing treatment that makes the seed
more permeable to water and should only be applied before sowing and not
before storage. Consult seed literature or an expert to find out the appropriate
de-winging timing for your species.

Scarification can be done by machine where larger quantities of seed are
required. One method involves tumbling the seeds in a concrete mixer with
gravel or sand.

11.4.4 Heating or burning methods

These methods are used to overcome mechanical dormancy of seeds with

thick shells in either of the following ways:

* Seeds are spread evenly on the ground and covered with a 3 cm thick layer
of dry grass or straw. The grass or straw is then set on fire. As soon as the
grass 1s burned, the seed is poured into cold water.

* Seeds are sown in the seedbed, but only half-covered with soil. A layer
of dry grass is spread over the seedbed and set on fire. After burning, the
seedbed is immediately sprinkled with water. Then the seeds are pushed
2 cm into the soil and watered thoroughly.

11.4.5 Acid pre-treatment methods

These methods overcome mechanical or physical seed coat dormancy by us-
ing concentrated acids or other strong chemicals, for example, sulphuric acid,
nitric acid, potassium nitrate or hydrogen peroxide. Be careful when you
use such chemicals.
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Seed is soaked in the chemical substance for 5-60 minutes, depending on the
species, condition of the seed and temperature of the liquid.

A container that will not be corroded should be used. Good ones are made of
glass or thick plastic. After removing the seeds from the chemical they should
be washed promptly and thoroughly in cool running water for 5-10 minutes.
All traces of chemical should be removed. Seeds should then be soaked in
cool water for 24 hours. The washed seeds should be dried unless they are to
be sown immediately. The chemical breaks down the seed coat. This method
works for such species as Acacia nilotica, Acacia mangium, Albizia lebbeck, Delonix
regia, Prosopsts chilensis, Leucaena leucocephala and Tamaridus indica.

Seeds removed from cold-storage rooms or fridges before treatment should be
left in their closed containers until they are at room temperature, otherwise
moisture will condense on the seed surface and react with the chemical.

11.4.6 Biological pre-treatment methods

These pre-sowing treatments include ingestion by large animals and the ef-
fects of insects and microbes. Such methods frequently result in improved
permeability of seed. For example, seed from ingested drupes of Melia volkensu
often germinate well.
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Chapter 12:

Seed Quality —
Physiological and Genetic

Summary

12.1 What is tree seed quality?
» Tree seed quality is a measure of the potential performance of trees when
their seed 1s planted under optimal conditions.
* Quality is determined by the genetic composition of the seed, physiological
and physical conditions.
More on page 157

12.2 What affects seed quality?
* Genetic quality is determined by the seed genotype.

* Physical quality depends on seed size, colour, age, vigour, seed coat
condition, and pest or disease damage.
* Physiological quality depends on seed maturity, moisture content or
germination ability.
More on page 157

12.3 How do I ensure that seed is of good quality?

* Ensure proper seed handling and use seed that is clean and free from pests
and diseases.

* Use seed that is well documented.
* Carry out tests to check physiological quality.
More on page 157

12.4 How do I ensure that seed is of good genetic quality?

* Make sure that the seed has high genetic diversity, obtained by collecting
from more than 30 mother trees that are not closely related, but occur
at distances of 50-100 m from them (see question 8.7), and by collecting
equal amounts from trees.

* Collect enough seed to compensate for losses before planting. If you lose
many seeds, you may lose a lot of genetic diversity.

* If you do not collect yourself, check the seed documentation. If possible,
only buy from a seed dealer with a high reputation.

More on page 158
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12.5 How do I ensure that farmers appreciate physiological quality?

Explain to farmers the value or benefit of good seed, for example, high germi-
nation ability, ease of storage, and uniform germination in the nursery.

More on page 158

12.6 Why should I test the physiological quality of seed?

To check the value of seed for distribution, sale or planting,
'To maintain seed quality during handling.
To calculate how many seeds you need in order to obtain the number of
trees that you want in the field.
More on page 159

12.7 What is involved in tree seed testing?

Physiological quality can be determined by seed tests; these include purity,

moisture content and germination percentages.

More on page 159

12.8 What is seed health and why is it important?

The health of seed refers primarily to the absence of disease-causing
organisms such as fungi, bacteria or viruses. It also refers to the absence of
pests such as nematodes and insects.
Physiological conditions such as element deficiency may be involved in
seed health.
Diseases in seed may progress into diseases of the adult tree that reduce
its commercial value. The poor health of seeds may also result in poor
germination in the field.
You will gain information on the value of the seed.
You will be able to meet quarantine requirements for international
movement of germplasm (seed or seedlings).
You do not want to distribute pests and diseases.

More on page 165
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Introduction

Seed quality refers to the value of the seed. Seed that has been handled in
different ways may look the same, but may not have the same value. Seed of
the best quality results in trees of the best quality in the field. The quality of
seed 1s therefore important to all actors involved in the tree seed system.

12.1 What is tree seed quality?

Tree seed quality is a measure of the potential performance of seed under
optimal conditions. Seed of the highest quality will result in trees of the high-
est value in the field. Seed of low quality will result in trees of poor quality.
‘Good seed doesn’t cost, it pays.’

12.2 What affects seed quality?

Many factors influence the quality of seed and the quality of the trees that will

grow from that seed. These factors are categorized as:

* Genetic quality: Genetic quality is determined by the genetic information
contained in the seed. All the genetic information of the future plant is
contained in the genes of its seed. A tree with poor genetic composition
will not grow well in the field.

* Physical quality: These are characteristics of the seed such as size, col-
our, age, vigour, and seed coat condition such as absence of cracks, damage
and pests and diseases.

* Physiological quality: These characteristics directly influence the differ-
ence between the number of seeds and the number of trees that will grow
from these seeds. They include seed purity, moisture content, germination
percentage and vigour. Physiological quality can be measured by seed test-
ing. When the physiological quality is known, the number of seeds needed
to obtain the required number of trees in the field can be calculated.

12.3 How do I ensure that seed is of good quality?

Seed can only be of good quality if all the procedures from collection to
planting it are properly followed. Otherwise, you will not have collected seed
of good quality, or you will have lost much of the quality of the seed.

You can be most certain of the physiological quality of seed by doing the
procedures yourself. The previous chapters provide infornation on the proper
procedures that lead to seed of good quality.

If you do not collect the seed yourself, then you need to check the seed docu-
mentation to verify whether it is of good quality. A supplier must provide good
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documentation of seed quality. If the supplier is not able to do so, it is most
likely that the seed is of poor quality. For the same reason, if you supply seed,
you should provide good documentation so that your customers can verify
the quality of the seed. You can carry out tests to determine the physiological
quality of seed.

12.4 How do I ensure that seed is of good genetic quality?

Seed that has low genetic diversity will often grow poorly in the field. However,
it1s possible that seed of low genetic diversity will perform well (or even better!)
in the field, especially if you selected good mother trees.

The reason for needing high genetic diversity is that the environment of trees
may change, e.g., by the occurence of a new pest. The greater variety of genes
you have, the more likely that some genes will be suitable for changed condi-
tions. Since genetic diversity only increases slowly through different genera-
tions of offspring, ensuring genetic diversity is especially important when you
establish a seed production unit.

You can be most sure of the genetic quality of seed by collecting it yourself.
Otherwise, you need to check the seed documentation (see chapter 14) to
verify the methods by which the seed was collected. You can be more certain
about genetic quality by buying seed from dealers with a good reputation. Do
not always choose the dealer that provides the cheapest seed.

12.5 How do I ensure that farmers appreciate physiological

quality?

You could explain to farmers that good seed will be of high value because
of its ability to germinate well and uniformly, easy storage, high purity per-
centage, and absence of pests or diseases. In all cases, the difference in price
between good and bad seed will be much smaller than the difference in the
value of the end products of good and bad trees.

As part of your explanation, you could point to the natural variation that
occurs among trees — some will perform poorly and others much better. Some
trees will not perform at all as their seed will fail to germinate. You could also
point to analogues of crop breeding, or animal breeding as most farmers have
experience with high-yielding varieties or pedigree breeds. Populations with a
small number of individuals frequently show a high degree of inbreeding;

Several researchers have pointed out that crops derived from self-fertilization
frequently show a high rate of non-viable or hollow seed. Decreases in yields
have also been observed in their offspring
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When discussing genetic quality with farmers, point out that inbreeding is bad
for human beings, animals and also trees, and that inbreeding in trees is the
result of pollination between individual trees that are too closely related.

12.6 Why should I test the physiological quality of seeds?

The main reason for testing seeds is to maintain seed quality during handling,
and to know how much seed is required for planting. When seed physiological
quality deteriorates faster than you expected, then you can intervene in the
way that seed is stored or handled. Seed testing can also be done to determine
the value of seed before you buy or sell it.

12.7 What is involved in tree seed testing?

Seed testing comprises procedures that determine various aspects of the seed
including: physiological qualities like purity, viability, germination ability and
moisture content. Seed tests are not done on all the seeds but on a sample of
them. Some tests will destroy the seeds, so you need to consider seed testing
when calculating the number of seed that you want to collect.

Seed tests are categorized into simple tests, carried out in the field; stand-
ard tests, carried out mostly in a laboratory that follows International Seed
Testing Association (ISTA) requirements; and special tests. The simple and
special tests results are used as a guide during seed handling, for example, to
determine the necessity for further seed drying or to determine whether or
not to proceed with seed collection or distribution.

Seed testing is only an assurance of good quality. To carry out basic tests
of purity, seed weight, moisture content and viability or germination analysis,
roughly 2500-5000 seeds are needed, depending on seed size. However, for
species with large-sized seeds, reduction of sample size to a minimum of 500
is acceptable. Table 12.1 shows the tests that are done on seeds during the
various stages of seed handling.

12.7.1 Seed purity

Since all other seed tests should be conducted on pure seeds, the purity of the
seed lot must be determined first.

Samples should be uniform and representative of the entire seed lot. It is bet-
ter to take a sample from several parts of the container — from the top, middle
and bottom of each bag or seed lot using a spear or your hand — to form a
good sample. Figure 12.1 shows how a sleeve type trier can be used to obtain
random samples from different parts of a container.
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Table 12.1 Seed testing during the period of seed handling

Harvest

Before

Processing storage

During storage

Health
(cutting test)
Moisture content

Simple tests

(moisture meter)

Standard tests

Special tests

Health (cutting test)

Moisture content
(moisture meter)

Purity (screening)

Seed weight

Purity

Moisture content
(oven method)

Viability/ germination
(T'TZ*, X-ray,
germination etc)

Health test
(vigour)

Moisture content
(oven method)
Viability/germination

Health test (vigour)/
check disease infection

*Tetrazolium lest.

During the test, the sample is separated into two components: pure seeds and

impurities.

The seed purity percentage is the percentage of the weight of pure seeds
within the sample. You need to weigh the sample first, then the impurities and
and subsequently weigh the pure seed. The seed purity percentage is calcu-

lated by following formula:

Weight of pure seed (g)

Purity (%) = X 100%

Total weight of original sample (g)

Figure 12.1 Seed sampling for purity analysis using a sleeve type trier
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12.7.2 Seed germination and viability tests

Seed germination or seed viability tests indicate the germination ability
(potential germination) of seed. Germination of a representative sample will
indicate how many seeds can be expected to germinate in the nursery when
the seed 1s handled properly.

A germination test can be done in a laboratory or in a tree nursery.
The germination medium should be non-toxic to germinating seedlings. The
containers should be kept free from fungi or other micro-organisms. Other
tools useful for germination testing are a magnifying glass, secateurs, and a
balance.

Steps for the germination test

1. Randomly pick 400 seeds from the seed lot.

2. Apply the appropriate pre-sowing treatment (see chapter 11).

3. Sow the seed in trays containing a good germination medium as shown in
figures 12.2 and 12.3.

4. Keep the medium moist.

5. Count the number of germinated seeds each day, especially, for species
that germinate rapidly. Remove germinates as you count them to facilitate
subsequent counting and to avoid possible fungal spread. Some seeds
require 3—4 weeks to achieve complete germination. The test should be
continued until no additional seeds germinate.

6. Calculate the percentage of germination as follows:

Number of germinated seeds
Germination (%) = x 100
Number of seeds tested

Viability tests are applied to species that are difficult to germinate. These
tests can also be used when results are needed quickly to determine the
percentage of seed that is alive. Seed that is alive doesn’t always germinate

Figure 12.2 Testing germination of Calliandra calothyrsus in trays of soil in the nursery
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Figure 12.3 Testing germination of Tephrosia seeds in trays of sand in a laboratory
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however, so the results of the viability test could indicate a higher percentage
than those of the germination test.

The most important viability test is the tetrazolium (T'TZ) test. The chemical
used stains living tissue red. Depending on the amount and location of the
stain, you can decide if the embryo is likely to be viable or not.

12.7.3 Moisture content

This test determines the percentage of moisture contained in the seed. The
test can be used to determine whether seed is stored under proper conditions
or when it is dry enough to be stored.

The moisture content is determined by comparing the seed weight before
drying with the seed weight after drying. The moisture that has evaporated
causes the difference in weight.

The most accurate way to measure moisture content is by oven drying sam-
ples drawn from the working sample in an oven for 17 hours at 103°C (ISTA
rules 1976) (see figure 12.4). Seeds are ground or cut into small pieces so that
all moisture can escape when the material is dried.

To determine the moisture content you need to obtain three weights: W1, W2

and W3) by following the procedure below (you need to do at least 3 replica-

tions of this procedure too in order to get a reliable average):

1. Weigh an empty heat-resistant container together with its cover (W1).

2. Place the ground seeds into the container, cover the container and weigh it
again (W2).

3. Place the covered container with the ground seeds in the oven at 103°C for
17 hours.

4. Remove the container from the oven and place it in a desiccation or drying
chamber while cooling. This is to prevent the seeds from reabsorbing
moisture from the air.
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Figure 12.4 Measuring moisture content using a low constant-temperature oven

5. After cooling, weigh the container for the third time (W3).
6. When you have determined W1, W2 and W3, you can calculate the
moisture content by using the following formula:

Moisture content (%) = ————— X 100

There are faster methods that can be used. These are not so accurate as the
above method and thus do not meet the ISTA requirements; but they can be
used as a guide during seed handling.

One is to cut the seeds into small pieces before drying in a microwave oven for
5 to 6 minutes. The moisture content is calculated using the same method as
above, it is only the drying process that is faster.

Another way to determine seed moisture content is to use an electric moisture
meter, which is set at 130°C and heated for 2.5 hours. Using this method you
can determine the moisture content without destroying the seed.

Another method which is used for determining moisture content in the field is
by using portable moisture meters (see figure 12.5). The moisture meters, need
to be calibrated in a laboratory before they can be reliably used in the field.
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Figure 12.5 Portable grain moisture tester

A simple way to determine if the moisture content of most seeds (orthodox and
intermediate seeds) is low enough for safe storage is by using the salt test. You
will need a clean dry jar with a lid, some salt and a sample of the seeds to be test-
ed. Make sure that the jar you use is clean and completely dry. Fill one quarter
of the jar with salt and then add the seed, then close the lid tightly and shake the
jar well (see figure 12.6). Then allow the seeds to settle for about 10 minutes.

If damp salt sticks on the sides of the jar, the seeds are too moist for storage,
meaning that the amount of moisture in the seeds is above 13—15%, the mois-
ture content which is the maximum for storage. If the jar is still dry and no salt
1s stuck on its sides, the seeds have less than 13% moisture content, and can thus
be stored safely.

12.7.4 Seed weight test

The seed weight test determines the number of seeds per unit weight. It does
not actually determine the physiological quality of seed, but is useful in calcu-
lating the amount of seed that you need if you want to plant a certain number
of trees.

Figure 12.6 Salt test

164

Tree Seeds for Farmers:
A Toolkit and Reference Source



The test is conducted by weighing a pure sample of 1000 seeds. If the seed lot
is small, 100 or 500 pure seed can be used to determine the weight. To arrive
at more accurate numbers, it is better to determine the weight of 4 equal
numbered samples and then calculate the average. Figure 12.7 illustrates a
seed weight test.

1000
Number of seeds/kg = X number of seeds in sample
mass of sample (g)

12.8 What is seed health and why is it important?

Seed health refers primarily to the extent to which seed contains disease-
causing organisms and pests. Fungi, bacteria or viruses can cause seed diseases;
while nematodes and insects are the main pests. Conditions such as element
deficiency in the seed can also contribute to poor health.

Testing of seed health is important for various reasons:

* Seed-borne inocula may give rise to progressive disease development in the
field and reduce the commercial value of the trees.

* Imported seeds could introduce diseases into new regions.

* To meet quarantine requirements for plant importation.

* Seed health is one of the factors that determine the quality of seed.
Unhealthy seed will result in poor trees.

* Information on seed health will help you to calculate the number of seeds
that you require to meet your target number of trees in the field.

Figure 12.7 Seed weight determination test samples

Note: the number of seeds per kilogram may differ depending upon the variety, provenance and year:
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Chapter 13:

Seed Distribution

Summary

13.1 Where should I distribute my tree seed?
* Distribute seed only to areas that are ecologically similar to the planting
area.
* Distribute seed where there is a demand.
More on page 169

13.2 How should I distribute my tree seed?

* Ensure that seed quality is maintained and that it reaches the user at the
right time and in sufficient quantities.

* Carry out seed tests before distribution to determine the potential of the
seed (see chapter 12).

* Provide the client with appropriate documentation (see chapter 14).

+ Torinternational transfer of seed, observe the restrictions and legislation of
the importing country.

More on page 169

13.3 How should I package my tree seed?

* Use packing materials that are strong enough to resist damage during
ordinary handling and that are moisture-proof. Good materials are sealed
polythene bags or aluminium bags. Double-lined envelopes are good for
small amounts of seed.

* Each pack should have basic documentation both inside and outside (see
chapter 14).

 Tor transport, seeds should be sealed in an inner package and then putin a
cardboard or wooden box for transport.

More on page 170

13.4 What information should be in a dispatch note?

* The dispatch note should contain the seed documentation (see chapter 14).
More on page 170
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13.5 What are seed distribution, dissemination and diffusion?

* Seed distribution is the act of distributing seed to large organizations such
as NGOs.

* Seed dissemination is the issue of seed from large organizations to
farmers.

* Seed diffusion is the dispersal of seed from farmers to other farmers.
More on page 171
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Introduction

Seed distribution is the act of distributing seed or the process of dispersing
seed from seed collectors to users. It involves the exchange of seed between
different people. There are many types of seed distribution, for example,
farmer-to-farmer exchange, sale by seed vendors, or buying and distribution
by NGOs. This chapter describes the best technical methods of tree seed
distribution.

13.1 Where should I distribute my tree seed?

Distribute seed into ecological zones that are suitable for the seed that you
have collected. In most cases, you can only be sure that a particular species
1s suitable 1if you distribute its seed to a zone with similar ecological charac-
teristics to those in the planting area. Such ecological characteristics include
altitude, rainfall and temperature (see chapter 6).

To be sure of the ecological suitability of a species, the purchaser of seed has
to indicate the ecological conditions of the planting site. The supplier then
proceeds to choose seed that matches these conditions.

Distribute seed where there is a demand for it, where the trees are promoted
by an organization and where trees are useful to users. Avoid wastage, since
seed 1s costly, and try to maintain its quality until it is distributed.

13.2 How should I distribute my tree seed?

Carry out seed tests before distribution to determine the potential of the seed
(see chapter 12), and then plan to supply in sufficient quantities and at the
right time. When the time between the arrival of the seed and planting is
minimized, less seed is lost due to loss of viability (see chapter 12). Use the
following formula to calculate the quantity to send to a client based on the
number of trees that the client requires.

Quantity of seeds _ Number of seedlings desired

required (kg) Purity (%) X Germination (%) X Number of seeds/kg

Make sure that quality 1s maintained from the moment the seed is collected to
the time it 1s distributed.

Avoid wastage by ensuring that seeds will be planted. Wastage can be prevent-
ed if" a species 1s being promoted and is useful to the clients (see chapter 6).
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Provide the client with sufficient documentation (see chapter 14). You may
need to carry out several seed tests (see chapter 12) to be able to provide the
client with information on quality.

For international transfer, observe the restrictions and legislation of the im-
porting country. In most countries, a phytosanitary certificate for imported
seed 1s required. The certificate is issued by an accredited authority in the
exporting country and states that the seed has been examined and found free
from pests and diseases. The certificate will also state whether the seed has
been subjected to fumigation or chemicals. An import permit is usually sent
from the importing country to the exporting country before the exporting
country prepares the phytosanitary certificate.

13.3 How should I package my tree seed?

Use packing materials that are strong enough to resist damage during ordinary
handling. The packaging material should be moisture-proof. Suitable materi-
als are polythene or aluminium bags that are securely sealed. Double-lined
envelopes that allow air to pass through are good materials for packaging
unmanageable seed or small samples of seed for research. The principles of
seed storage should also apply in distribution; for example, all orthodox seeds
should be sufficiently dried before packaging.

The volume of air around orthodox seeds should be kept to a minimum so
that they do not absorb too much moisture from the air (see chapter 10). Use
a heat-sealing machine or a candle to seal polythene bags. The containers that
are used for storing seed (see chapter 10) can also be used to dispatch seed.
However, this may be quite expensive and may only be appropriate for clients
who require large volumes of seed.

For shipment, seeds should be packed in inner and outer packages for extra
protection. Good outer packages are cardboard or wooden boxes. A copy of
the phytosanitary certificate should be put inside the packages. Each pack
should also contain basic documentation both inside and outside.

13.4 What information should be in a dispatch note?

The dispatch note should contain the basic documentation of the seed and a
copy of the phytosanitary certificate if the seed is for export. A seed dispatch
note should include the following information:

* Botanical and local name of species.

* Seed source and provenance.

* Number of parent trees.
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* Date of collection.

* Weight.

* Purity (%).

* Viability test results/germination (%b).
* Pre-sowing treatment used.

Do not exchange seed alone, but also provide information about
it. Quality seed = seed + documentation. ‘Good seed doesn’t cost,
it pays’ (see chapter 14).

13.5 What are seed distribution, dissemination and diffusion?

There is a difference between distribution, dissemination and diffusion:

* Seed distribution is the transfer of seed to large organizations such as
NGOs.

* Seed dissemination is the transfer of seed from large organizations to
farmers.

¢ Seed diffusion is the transfer of seed from farmers to other farmers.

What will often happen in an area is that seed is transferred firstly by distribu-
tion, secondly by dissemination and thirdly by diffusion. A large organization
will have more control over the quality of seed during the distribution and
dissemination phases, but less control during the diffusion stage. The advan-
tage of the diffusion stage 1is that a larger volume of seed 1s transferred, and
that this system is more sustainable. The quality of seed needs to be addressed
during the diffusion stage, but the critical moment to address quality is in the
earlier stages of distribution and dissemination.
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Chapter 14:

Seed Documentation

Summary

14.1 Why should I document seed?

* Seed should be documented to give it an identity. You may for instance
want to plant more seed of a similar identity at a later stage, or want to
conduct an impact assessment of seed distribution activities.

* Documentation allows verification of seed quality (quality assurance) for
the client by the producer. Quality seed = seed + documentation.

* Documentation removes the burden of memorizing details during all the
stages of seed production and distribution. It also allows for the continuity
of activities after changes in staffing.

More on page 174

14.2 What are the most common documents in seed production?
These include documents on:
* Source.

* Collection and handling.
*  Quality test results.
* Storage.
* Dispatch.
* Stand establishment.
More on page 174

14.3 What other documents are important in seed production?
* Cost of operations.
» List of sources or catalogue.
* Research records and publications.
More on page 176
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High-quality seed 1s closely linked to a good record and documentation sys-
tem. It 1s important to note that documentation or record keeping does not
make the seed better or poorer, since some undocumented seed can grow well.
Documentation does however provide quality assurance. This chapter de-
scribes the reasons why seed documentation is important, and introduces you
to the most common documentation processes used in seed production.

14.1 Why should I document seed?

When you document seed, you give the seed lot an identity. The species, the
seed source, the date of collection and the method by which the seed was col-
lected determine the identity of the seed lot. If you give a seed lot a number,
it 1s best to use some meaningful codes that refer to species, origin, and year
of collection. For example, Sesses-Kak-99-3 could refer to the third collection
of Sesbania sesban from Kakamega Forest in 1999.

Seed documentation helps in planning future seed procurement. A client could
require more trees from the same source at a later stage. The client needs the
proper documentation to be able to make a request for such seed. The seed
dealer could also keep a record of the clients and the identities of the seed
that was distributed to them in order to accommodate future requests.

The most important reason for documentation is that it enables the client
to check the quality of the seed. It also enables the dealer to maintain seed
quality.

Proper documentation removes the burden of having to memorize details.
It allows for the continuity of activities whenever there are staff’ changes.
Make sure that you properly archive documentation. Make back-
ups of information to preventlosses due to fire, theft or a computer
breakdown.

14.2 What are the most common documents in seed production?

The documents typically used during the various stages of seed production
include the following:

Seed source documents. These contain information on:
* Name of the species (botanical and local names).

* Geographical location of the seed source.

* Geographical location of the original seed source in the case of a seed
orchard or seed production unit (see chapter 7).
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Ecology of the seed source (elevation, temperature, rainfall, soil types).
Ecology of the original seed source in the case of a seed orchard or seed
production unit.

Number of trees in the seed source.

Age of the seed source.

Size of the seed source.

See chapter 7 for further details.

Seed collection and handling documents. These contain informa-

tion on:

Name of the species (botanical and local names).

Seed source or provenance (from where the seed was collected).
Date of collection.

Number of parent trees from which seed was collected.
Average distance between seed trees.

Weight of fruit or seed collected.

Number of seed containers filled with collected seed.

Name of collectors.

See chapters 8 and 9 for further details on seed collection and handling.

Seed storage documents. These contain information on:

Seed lot number (a unique identification code that identifies the seed
collected in a specific year from a specific seed source).

Name of the species (botanical and local names).

Weight stored.

Running balance.

See chapter 10 for more information on seed storage.

Seed quality test results. These documents contain information on:

Seed test number (a unique number that identifies particular results of
seed lots. This number is different from the seed lot number).

Seed lot number (a unique identification code to identify the seed collected
on a specific date from a specific seed source).

Name of the species (botanical and local names).
Date of seed testing.

Seed purity percentage.

1000-seed weight test or number of seeds per kg.
Moisture content percentage.

Germination percentage.

Cutting test.

See chapter 12 for more information on quality tests.
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Seed dispatch documents. These contain information on:

* Name of the species (botanical and local names).

*  Weight required.

*  Weight issued.

* Seed lot number (a unique identification code to identify the seed collected
on a specific date from a specific seed source).

* Date of dispatch.

* Seed test information (purity and germination).

* Seed advice note.

* Dispatch note.

* Number of parent trees.

See chapter 13 for more information on seed dispatch.

Seed labelling documents. These contain information on:

* Botanical and local names of the species.

* Date of collection.

* Seed source or provenance.

* Number of parent trees.

* Seed quantity (kg).

* Purity percentage.

* Viability test result or germination percentage.

* Method of pre-sowing treatment.

See chapter 13 for more information on seed dispatch and seed labelling.

14.3 What other documents are important in seed production?

Other types of information could help you improve future activities and en-
able proper planning;

One is information on the costs of all operations. For instance, the cost of seed
collection could be calculated as fixed costs (costs that will be same for each
collection) and variable costs (costs that will be different for each collection).
Fixed costs include items like the purchase of a vehicle, climbing equipment
and protection gear, and the cost of constructing seed storage and testing
facilities. The variable costs in seed collection include fuel, allowances, and
raw material for processing and testing seed. Keeping good documentation of
costs 1s very important, as it makes it easier to get an idea of the overall cost
of seed collection and handling. This allows you to come up with a fair price
for the collected seed and to plan future activities.

Another type of useful documentation is a list of seed sources. This list (or
register) could include all the seed sources that have been identified, selected
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or established. Such a register would be useful if you wanted to provide your
clients with a catalogue of available seed.

Some documentation may refer to experimental records collected from the
source. One objective could be to improve seed production in the future. You
need to keep records and document accurately so that data can be properly
analysed. The documentation may also contain a list of the publications that
were prepared at the end of the research activity, or a list of other publications
that are relevant to your seed production work.
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Chapter 15:

The Business Approach

Summary

15.1 What is the business approach?

It is an approach which looks at the market and demand for a product before
getting into an enterprise as a source of income. It helps to better plan and
operate your business.

More on page 182

15.2 What is a business plan?

A business plan is basically a blueprint of the enterprise and also a road map
for the direction that the enterprise will take.
More on page 182

15.3 Why should I have a business plan?
A business plan is a tool with four basic purposes: communication, manage-
ment, planning, and assessing performance.

More on page 182

15.4 What do I need to make a business plan?
1. Description of the business.

Business objectives.

Current performance analysis.

Marketing strategy/plan.

Production plan.

SRR ANl

Financial plan.
More on page 183
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This chapter talks about operating a nursery or seed business from a purely
business point of view. The following pages include the basic concept of the
business approach; the elements of a business plan, and how to use a busi-
ness plan to better facilitate nursery and seed operations. It is understood that
every nursery or seed supply unit is a business. This chapter and the following
chapters help to better understand and run a business. This chapter addresses
the basic tenets of a business, indicating how to write a business plan and how
to use it to streamline production, assess credit requirements and cash flow
and understand the consumers of the product, in order to better serve them.

15.1 What is the business approach?

It 1s an approach that looks at the market and the demand for a product
before getting into an enterprise as a source of income. It follows a for-profit
ideology, which means that every activity carried out in the enterprise should
attempt to generate higher returns and be beneficial to the business.

The business approach is essentially a way to organize one’s enterprise to
best use one’s strengths and weaknesses in the most profitable manner. The
business approach calls for the entrepreneur to be organized, methodical and
clinical in operations and information gathering. The best way to understand
the business approach is by writing a business plan for one’s enterprise.

15.2 What is a business plan?

A business plan is basically a blueprint of the enterprise and also a road
map for the direction that the enterprise will take. The business plan should
provide evidence of focus, understanding of the target customers, financial
requirements of the enterprise and annual plans to realize the goals of the
enterprise.

15.3 Why should I have a business plan?

A business plan is a tool with four basic purposes: communication, manage-
ment, planning and assessing performance.

* As a communication tool, it is used to attract investment capital, secure
loans, convince employees, and assist in attracting strategic business part-
ners. The development of a comprehensive business plan shows whether
or not a business has the potential to make a profit. It requires a realistic
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look at almost every phase of business and allows you to show that you
have worked out all the problems and decided on potential alternatives
before actually launching your business.

As a management tool, the business plan helps you track, monitor and
evaluate your progress. The business plan is a living document that you will
modify as you gain knowledge and experience. By using your business plan
to establish timelines and milestones, you can gauge your progress and
compare your projections to actual accomplishments.

As a planning tool, the business plan guides you through the various
phases of your business. A thoughtful plan will help identify roadblocks
and obstacles so that you can avoid them, and establish alternatives. Many
business owners share their business plans with their employees to foster a
broader understanding of where the business is going,

As a performance tool, your written business plan is an operating
tool which, when properly used, will help you manage your business and
work effectively towards its success. Your business plan will allow you to
set realistic goals and objectives for your enterprise’s performance, and,
if’ maintained, will also provide a basis for evaluating and controlling the
company’s performance in the future.

A business plan helps you set priorities on things to do, given limited

resources.

15.4 What do I need to make a business plan?

SRR AN

Description of the business.
Business objectives.

Current performance analysis.
Marketing strategy/plan.
Production plan.

Financial plan.

15.4.1 What is meant by description of the business?

The business description should include the nature of the business, whether
it 1s retail, wholesale, brokerage or trading house; facts about the enterprise,
including size, starting date, employees, turnover and number of customers;
and the description of the products sold.

15.4.2 What are the business objectives?

Business objectives are essentially the targets to be achieved. The targets may
be sales targets that you want to achieve, the number of customers you want
to reach, or the amount of profit you want to make. It is a good idea to estab-
lish a time frame in which to achieve these targets.
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15.4.3 What is current performance analysis?

Current performance analysis is basically taking stock of the situation. Itis an

objective self-assessment of your enterprise.

* What is your current share of the market, in terms of volume of sales and
population reached?

* What are the market trends, what is selling, what is not selling?

*  What are the costs incurred?

*  What are the strengths, in terms of what is doing well and why?

*  What are the weaknesses, in terms of what is going wrong and why?

* What are the opportunities, in terms of existing possibilities for improve-
ment?

*  What threats exist, in terms of what should you should be careful about?

15.4.4 What is a marketing strategy or plan?

The definition of marketing, according to the American Marketing Association,
1s “the process of planning and executing the conception, pricing, promotion
and distribution of ideas, goods, and services to create exchanges that satisty
individual and organizational objectives”.

Marketing 1s essentially based on two basic principles:

» Activities should be directed towards satisfying customer needs.

* Profitable sales volume is as important as, if not more important than
maximum sales volume.

A sound marketing plan is key to the success of your business. It should include
your market research, your location, the customer group you have targeted,
your competition, positioning, the product or service you are selling, pric-
ing, advertising, and promotion. Effective marketing, planning and promotion
begin with current information about the market place. Visit your local market,
talk to customers, study the advertising of other businesses in your commu-
nity, and consult with any relevant government or industry associations.

A marketing strategy could be planned by carrying out some background
research in terms of analysis of:

* (Consumers.

* Competition.

* Location.

e Market trends.

Consumer analysis
The consumer analysis contains the following information:

* Your current customer base: age, sex, family size, number of earning
members in the family.
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* Buying or purchasing power: level of income, consistency of income and
type of employment.

* Literacy level.

* How they come to your enterprise and transport the product.

* How your customers learn about your product or service. Through adver-
tising, direct mail, word of mouth, pamphlets, radio or posters?

» Patterns or habits your customers and potential customers share; where
they shop, what they read, watch and listen to.

* Qualities your customers value most about your product or service; such as
selection, convenience, service, reliability, availability and affordability.

* Qualities your customers like least about your product or service — can they
be adjusted to serve your customers better?

* Are you offering the kinds of goods or services they want — at the best
place, at the best time and in the right amounts?

* Are your prices consistent with what buyers view as the product's value?
* Are your promotional programmes working?
* Factors that limit or influence their demand.

This helps you plan promotional and advertising activities — types of products
to keep, quality of products, time of purchase and factors that influence their
demand.

Competitive analysis

It 1s important to carry out an assessment of the competition around you.
Which other enterprises sell similar products? This information will help you
to plan your marketing strategy. Do you reduce prices compared to those of
others? Do you introduce new products that the others don’t yet have? What
is the competitive edge you need to increase your sales? This analysis can be
carried out by addressing the following:

*  Who are your five nearest direct competitors?

*  Who are your indirect competitors?

* Is their business growing, steady, or declining?

*  What can you learn from their operations or from their advertising?
* What are their strengths and weaknesses?

* How does their product or service differ from yours?

Location analysis

The location of your business is very important in terms of marketing. Your
location determines the customers you attract, the supply of products to you,
visibility of your business and cost factors, in terms of transport. The questions
to ask are:

* Are you close to a good access road?

* Are you located in a community market?

Chapter 15: The Business Approach 185



186

Are you close to your strongest competitor?

What is the profile of the people who live around your business site?
Are your suppliers located near by?

What commercial activities are carried out in the area?

What kind of access to infrastructure exists in the area?

What are the local government policies?

Market trend analysis

The market trend analysis helps you understand your industry. It mostly
involves secondary data analysis of government sources, market information
agencies, chambers of commerce, industry federations, market research com-
pany databases and company balance sheets and sales data. The questions to
be asked are:

Is the industry growing or shrinking?

Are more enterprises or businesses entering the market?
Are sales going up or down?

Are there any new products in the market?

Is there any new government policy (fiscal or monetary) that has been
introduced for the sector?

What trade barriers do you have to overcome (for instance quality and
trade zones)?

Are prices going up or down?

The above four analyses should be used to do the following:

Define your business plan for the next time period.

Forecast market demand in terms of what can be sold, who it can be sold
to, how much can be sold.

Price the product.

Come up with a workable promotional strategy.

Target a specific type of customer.

Understand product quality and quantity requirements.

Understand seasonality of demand.

Look at product diversification to hedge risks and/or increase profits.
Plan resource requirements based on perceived market demand.

Define a competitive edge that is unique to your business.
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The four Ps of marketing neced to be understood based on the informa-
tion gathered: product, price, promotion and placement.

Product (and services)
Product strategies may include:

» Concentrating on a narrow product line.
* Developing a highly specialized product or service.

* Providing a product—service package containing unusually high-quality
service.

* Branding the product.

Price

The right price is important for maximizing total revenue. Generally, higher
prices mean lower volumes and vice-versa; however, small businesses can often
command higher prices because of their personalized service.

Promotion

Promotional strategies include advertising and direct customer interaction.

Good sales ability is essential for small businesses because of their limited

ability to spend on advertising. There are many ways to promote a business.

* Good presentation of the products and the area of business.

* Pamphlets and posters at central locations.

* Iree samples of products.

* Advertising in the local newspaper, radio or telephone directory.

* Additional services like home delivery or longer business hours.

* Schemes like ‘buy one get one free’, or ‘a chocolate with every two products
bought’.

* Discounts on special occasions or during off-season times.

Placement (sales and distribution)

The placement of the business defines the sales and distribution of the prod-

ucts. It also influences costs.

* Locating a business in low traffic, low population areas means higher ad-
vertising and distribution costs, higher prices and, maybe, lower sales.

* Locating a business in an area with no competition, even if it is a low traffic
area, means you can be a price maker, not a price taker, and any demand
the area might have will be met only by you.

* Locating a business in an area with lots of competitors means that you are
going to have to follow market trends, become a price taker, have access
to a small part of the market, spend on promotion, or reduce the price of
your products to increase your market share.
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15.4.5 Whatis a production plan?

A production plan is basically a supply chain analysis of the product. The
marketing strategy or plan tells you the type, quantity and quality of products
to keep. A supply chain contains all the elements of the resources required for
the business. It includes the basic product being sold, the production mate-
rial required, the logistics required to establish supply of the raw material for
production, and the time required for the production process. The production
plan is based on the market strategy and helps you understand the following:
*  What raw materials are required.

* Where to get the raw materials.

* Time taken for the raw materials to be collected or supplied.

*  Who your suppliers are.

*  How much time it will take to produce the finished goods.

*  What resources are needed for production.

* How much of the finished product can be produced at a time.

*  How much the resources will cost you.

* How often the raw material is required.

* How seasonality affects your procurement of raw material and the produc-
tion process.

A strong supply chain is very important to establishing a good business.
A strong supply chain allows the entrepreneur to:

* Keep good inventory control.
* Feed the demand of a product.
* Get a new product for which demand is perceived.

* Ensure that there is enough supply of products to meet the market
demand.

15.4.6 What is a financial plan?

A financial plan is an assessment of financial requirements for the planning
period. It is important to know the following:
* Size of costs to be incurred.

» Typesof costs, including raw material costs, labour, transport, infrastructure
and taxes.

* When the costs will arise.
*  What the mode of payment will be.
* Current savings.

* Expected exchange rate fluctuations (in the case of overseas trade).

Based on the current performance analysis and expected demand in the
time period planned for, a sound financial plan lends stability to the business.
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It helps in:

Assessing credit needs for the planned period.
Pricing of the product.

Planning expansion and diversification.
Executing the business plan.

Costing of the product is of primary importance, since the profit margins are
usually calculated as a percentage of costs incurred. It is important to factor
in all the costs incurred in manufacturing and buying the product.

Costs include:

Raw material.

Transport.

Labour.

Infrastructure.

Taxes incurred or to be incurred.

Profit margins.

The costing exercise analyses the costs incurred in the production of the

finished goods. Many small businesses make a loss without actually realizing

it, since they do not carry out a costing exercise.
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Chapter 16:

Marketing Seed and Seedlings

Summary

16.1

16.2

16.3

16.4

How do I assess seed and seedling demand?

The demand for a particular tree species changes over time. Not every client
has the same needs, and therefore not every tree species will be required by
every client. To assess current and future seed and seedling demands, you
need to set up a market information system, which includes basic market re-
search, and sales and customer records.

More on page 194

How do I find markets for tree seed and seedlings?
You need to know your target group, so that you can judge whether you could
reach new customers. You can judge what customers want by listing your cur-
rent customers and noting what they buy. Find out whether you could sell
your seed and seedlings at places other than where you currently sell. You can
increase your business by providing new products (new species), or by provid-
ing your products at new markets. Check whether your current customers
need new products, and where other products are marketed.

More on page 194

How much should I charge for seed or seedlings?
First, you need to find out how much it costs to collect seed or produce seed-
lings, and then find out how much a customer is willing to invest. From the
cost of production and the desired profitability levels you will work out a
reasonable price for your seed or seedlings. Remember that customers will
return when you provide good-quality seed or seedlings at a reasonable price,
do not provide low-quality seed or seedlings or overcharge.

More on page 195

Which species will give the nursery the highest profits?

You need to assess the demand levels for each species that you stock. Some
species are demanded in small quantities, while others are demanded in large
quantities. The species demanded in small quantities may, however, sell at high
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16.5

16.6

16.7

prices, and therefore have a high profit margin. Species that are demanded
in large quantities have low profit margins per unit, but the high volume of
demand compensates for overall profit margins.

More on page 196

How should I package my seed or seedlings?

Try to estimate the average quantities of seed or seedlings that your customers
require. Make a calculation of the costs involved in producing a packet of a
certain size of a certain species, so that you can determine your profit margin.
Label the packets well since this indicates the quantity and quality of the seed
or seedlings. For seedlings of species that are required in small quantities but
fetch a high price, you could make the seedlings more attractive by packing
them in big containers. For species that are sold in large quantities, do not
invest a lot in packaging since the returns are low.

More on page 198

How should I advertise my business, especially for new species?
You should advertise to attract more customers. Provide customers with your
contact details if you do not permanently sell from the same place. Your cus-
tomers will direct other customers to you and you will appear to be more
trustworthy. Use sign boards to increase the visibility of your nursery from
the road. Your visibility will increase further if you make yourself known to
extension officers and NGOs, or when you join an association. For new spe-
cies, you need to compile information on the benefits of the species, and how
long it will take for farmers to receive these benefits. When customers get this
information, they will perceive the new species as better than existing species,
and raise that particular species’ demand. You could increase this demand by
initially supplying small quantities of the species before demand builds.

More on page 199

How do I make sure that customers return?

Satisfied customers will always return. You need to supply the right species,
right quality, right quantity, right price and extra services that are needed.
Adding extras such as new species or good information on end products may
further impress your customers. When you sell seed, you may need to explain
seed germination methods, answer every question that customers have and
solve any problems together.

More on page 200
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16.8 How should I interact with my competitors?

Do not consider other seed dealers or nursery operators as dangerous com-
petitors, since such an attitude may result in lowering prices to unsustainable
levels or selling poor-quality seed or seedlings. One nursery operator may
have some species that your customers want but that you lack, whereas the
operator may need some of the species that you have in excess. Working as
a group of dealers may also result in reasonable prices that will ensure more
profit, exchange of market intelligence and access to more seed sources, thus
increasing business for all.

More on page 201
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Seed supply to farmers by government forest and agricultural ministries has
reduced over time and is no longer reliable. Private seed companies have man-
aged to handle the supply of agricultural crop seed and reach the majority of
farmers. Whilst tree seed has mainly been supplied by NTSCs whose sustain-
ability and ability to handle all seed demand is not assured (see chapter 1),
private individuals and groups have often supplied tree seed and seedlings to
farmers in informal settings. This should be encouraged and, in order to be
more effective, dealers should supply according to farmers’ needs, and to make
profits so their business is sustainable. Marketing skills are thus very important
as part of a good business approach. This chapter introduces some marketing
methods for seed and seedlings that may help to make a seed or seedlings busi-
ness profitable and sustainable.

16.1 How do I assess seed and seedling demand?

There is a belief that there are some species that farmers will just keep buying,
This is not the case, since demand shifts over time and between customers.
This is why we need a market information system (MIS). A seed and seedlings
MIS should start with simple market research that can be conducted through
either an informal survey or observation. The survey should involve farmers
and farmers’ groups, nursery operators, schools, NGOs and extension agents.
Once the business is in place, demand can be progressively assessed by keep-
ing good records of sale, customers and prices. Analyse these records to find
out which species have the highest or lowest demand, the demand trend over
the recent past and to make speculations of future demand. Networking with
other seed dealers and nursery operators can also help you determine new
demand trends.

16.2 How do I find markets for tree seed and seedlings?

You need to know your target client group. It is possible to reach more exist-
ing customers or new customers. You can maximize the number of farmers
that you reach by listing your current customers and noting which species they
mostly buy, for what purpose and when. Is it advantageous to concentrate on
one group of customers and increase your market share of that group? You
also need to know the potential market, for instance, if you are not selling
at any big markets, could you do so without incurring too much extra cost?
Talk with other seed and seedling dealers, because you may find it helpful to
collaborate as a group. Try to make contacts with seed and seedling dealers
further away, near big cities for example, where there may be opportunities
for you to supply them. Also look at what services you can offer: examine the
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whole chain from seed supply to harvesting the tree product. How can you
increase your share of that whole chain?

A simple version of the entrepreneur’s window is shown in table 16.1. As a
seed dealer or nursery operator, you need to consider your current status quo.
What species are you currently selling and who are your customers? That is
the top-left box in the window. Since you already have the capacity to produce
and supply the seed or seedlings, you will only have to increase the number
produced if you find existing gaps in supply.

Then look at the potential markets that have not yet been exploited. These
include schools, private farms, ranches, prisons, towns and fruit or grain mar-
kets near you. You might benefit from keeping close contact with the forest or
agricultural extension officers for the area so that they pass on any enquiries
that come their way. In this case, you are addressing the top-right box of the
window.

You also need to analyse your current customers and see if you are supplying
everything they need. Is there a demand for other species that you are not sup-
plying? Could you also supply other accompanying products such as compost
or polythene bags if you are selling seed to nursery operators? Could you also
offer tree planting services if you are selling seedlings to schools, airports etc.?
This addresses the bottom-left box of the entrepreneur’s window. You could
also target both approaches and enter new markets inclusive of new products
(bottom-right window).

16.3 How much should I charge for seed or seedlings?

The price of seed or seedlings is determined by what farmers or other users
perceive as the value of the species or variety. Market principles of supply
and demand should define the price of a seedling, but the problem is that
the market is not often perfect and there are distortions. For example, the
supply of free seed and/or subsidized seedlings by projects lowers the price.
As mentioned in chapter 17, seedlings are often not sold with profit in mind.
By starting to look at the costs of production and desired profitability levels,

Table 16.1 The entrepreneur’s window

Current products Current products
Existing markets New markets
New products New products
Existing markets New markets
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nursery operators and seed dealers can work out the minimum price at which
to sell their seed and seedlings. You can increase your gross margin (profit-
ability) through efficient management and effective marketing. Table 16.2
illustrates gross margin analysis techniques.

At a workshop conducted outside Nairobi, in Kenya, nursery operators com-
pared the prices they charged for different products. One group presented
a gross margin analysis (see example calculation below) on an ornamental
plant (Bird of Paradise flower). They were making a very large margin be-
cause their volumes were not high. The price they charged for one plant was
Ksh 250 (US$ 3.5). An operator from Athi River was very surprised to realize
this, since he only charged Ksh 50 (US$ 0.7) for a plant. He therefore decided

to raise his prices.

Using the gross margin analysis techniques, you can work out how much it
costs to produce a quality seedling. The cost includes variable costs and fixed
costs like water and depreciation of your tools and machinery. You can see
from table 16.2 that it costs Ksh 2.0 to produce one seedling. Since not all
seedlings were valued (some seedlings dried), the gross margin per seedling
was Ksh 2.83 [=(2,300 — 1,000)/460]. You can check from the table that the
unit price of each seedling valued (Ksh 5.0) can be split into cost per seed-
ling produced (Ksh 2.17) and the gross margin per seedling (Ksh 2.83). For
the table calculations, other values were included — seedlings planted on own
farm, seedlings given away, and seedlings not sold — thus the Ksh 5.0 unit
price. If the gross margin analysis were to focus on cash income from the
nursery alone, only seedlings that are sold would be valued.

Farmers will only be willing to pay a certain amount for a quality seedling,
so you will need an assessment of how much to invest in quality and still
make a profit. Remember that quality products ensure that the customer 1s
satisfied and will return. Customers are also likely to return when you do not
overcharge them. However, note that the number of seedlings given away or
planted on your own farm and those in the remaining stock all contribute to
gross margin. The objective should be to ensure that most of the produced
seed or seedlings are sold. By carefully assessing demand, you will not have a
lot of unsold stock to lower your revenue.

16.4 Which species will give the nursery the highest profits?

Using the gross margin techniques combined with market information, you
can work out the profit margin on one unit (1 kg seed or 1 seedling) of a species,
and determine the quantities to stock. This will differ by species and prove-
nance depending on demand and customers’ knowledge and appreciation of
the species. As a general guideline, the profit you are likely to make should be
between 20% and 50% of the production cost per unit.

Tree Seeds for Farmers:
A Toolkit and Reference Source



Table 16.2 Hypothetical gross margin calculation for Grevillea robusta

Item Unit Quantity Unit price Value
Total production seedlings s =500 5 -
Total maximum income seedlings 500 5 2,500
Gross income 1,800
* Value of amount sold seedlings 360 §) 275
* Value of amount seedlings 55 5

planted on own farm 100
* Value of amount seedlings 20 5

glven away 125
* Value of dried seedlings 25 5

seedlings 0
* Total gross income seedlings 40 0 1=2,300
Variable costs
* Seeds kg 0.25 1,000 250
* Polytubes pack of 100 5 30 150
» Hired labour to fill person day 1 80

polytubes 80
* Sand wheelbarrow 1 50 50
* Manure wheelbarrow 1 50 50
* Soil wheelbarrow 2 50 100
* Total variable costs - - - ve = 680
Fixed costs - - - Je =320
Total costs - - - ¢=vc + fc = 1,000
Total gross margin - - - g=1—¢=1,300
Cost per seedling B B /s = 9.0 B
produced
Gross margin per B B _ B
seedling produced gs=26
Number of seedlings B ) = 460 B B
valued
Cost per seedling B B =917 B
valued
Gross margin per B B o/0=92.83 -

seedling valued

m = Quantity produced; s = Quantity sold; 1 = Total gross income; g = Total gross margin; ¢ = Total costs; ve = Total
variable costs; fo = Fixed costs; ¢/m = Cost per seedling produced; c¢/s = Cost per seedling sold; g/s = Gross margin per
seedling sold

Note: Average production cycle is 3 months

Depending on the market segment, some species are required in low quantities but sell at
high prices, for example, indigenous species or grafted fruit species in Nairobi. For these
species, you can have high profit margins even though the total production cost is low.
You need to assess the demand levels for such species in order not to overproduce them.
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On the other hand, some species have low prices, leading to low margins per
unit, but are required in high numbers. These include species that are com-
monly used for timber, fodder and hedging. In both cases, you still get high
total profits but the low-priced species require higher investment. The low
margin species attract customers who in turn buy the rare species that have
high margins.

It is wise to stock a small number of rare species which can be introduced
to customers as they buy other species. It is also good to diversify into other
plants such as ornamental species. You can also stock, in small quantities,
some species as ‘loss leaders’. Loss leaders make a loss but are used to entice

and keep customers.

16.5 How should I package my seed or seedlings?

The perception that NTSCs only sell seed in large quantities and at high
prices has turned off many would-be clients. A kg of seed for many species
normally produces thousands of seedlings, which in many cases is more than
the retail customers need. It is good to assess the average quantities that your
customers want, then pack and price them accordingly. It is important not to
quote equal prices for small quantities of all species (such as US$ 1 for 50 g
of seed of any species) but to consider the costs involved in the production or
collection of each species and your profit level. One can determine a constant
weight, for instance, 50 g packets with different prices for different species, or
a constant price for small packets of varying weight. For bulk orders such as
those from NGOs or private companies, use the standard per kilogram price
quotation. The packets should be of good-quality material and should be well
labelled so that there is no confusion when supplying.

The packaging of seedlings also depends on your customers’ requirements.
There are some variable species that will sell for high prices but are consid-
erably costly to produce. These include slow-growing medicinal species and
grafted fruits. They are bought in small quantities but give high returns. Since
customers are willing to spend more money on them than on other species, it
1s important to pack them in big attractive containers.

For common species required in tens or hundreds, simply pack them in small
containers that will ensure quality without unnecessarily raising the produc-
tion costs. In most cases, these species are sold in many neighbouring nurser-
ies and you cannot vary the prices much from the average. It is therefore not
feasible to invest a lot in their packaging.

Low-priced species that are required in high numbers, such as hedge and
live-fence species, can be produced in bulk. If your market is mainly in the
neighbourhood, you can raise them bare-rooted and pack them well in bulk
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once they have been bought. Alternatively, you can produce them as many
seedlings in a single large container and sell them as a unit, for example,
US$ 1 for a container of about 50 seedlings of Dovyalis caffra. Care should be
taken to ensure that the appropriate stocking density is used in production so
that customers are satisfied with the quality. Chapter 18 and the nursery man-
uals (available on the attached CD-ROM) explain more about bare-rooted
seedling production.

It is worth emphasizing here that proper labelling of your products enhances
the perception of their quality and value by your customers. The labels should
include information on the species, their provenance, their variety name and
characteristics, collection site details and details about you as the supplier. For
example, a nursery operator in Meru, Kenya was able to sell seedlings of a
good performing provenance of Grevillea robusta at about 4 times the amount
he was selling the local material. He managed to sell the whole lot because he
could clearly identify the different provenances, which can at times be hard if
the labels are poor or non-existent.

16.6 How should I advertise my business, especially for new
species?

Increasing customers’ awareness of your product should increase the size of
your market. [ICRAI’s work with nurseries shows that the majority of seed
dealers in urban areas just pop up with small packets of seed at the beginning
of the season and disappear without even leaving contacts. This does not
work well for you as these nursery operators cannot point you to other poten-
tial clients. This however depends on the policy of seed supply in your specific
country, especially as it concerns informal seed vending. You need to be sure
of the legal status of your business. As a seed dealer, you should make your
clients aware of the species you offer and when it is possible to offer them.
Make yourself known through extension services, schools, relevant NGOs,
agricultural exhibitions and even other farmers. If there is no way that buyers
can contact you, you will always lose their trust.

Nurseries are often located in places that are not visible from the common
roads. This means that only neighbours and occasional visitors will be aware
of, and buy from them. To improve your visibility, place directional sign boards
on the closest roads as well as posters in markets and nearby extension offices.
Devise other ways of making yourself known, such as by organizing tree plant-
ing ventures, participating in agricultural exhibitions, putting up posters, and
creating pamphlets and fliers about your nursery (see chapter 15).

It 1s often difficult to persuade farmers to buy a new species and it is a risk for

dealers to invest in new species. You need to know why you should be selling a
new species or variety. Why not stick with the tried and trusted species? What
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is the tree good for? How long will it take for farmers to receive the benefits?
Is there an end market for the tree product? If you can answer all these questions
and persuade the farmer, you will be half way there (see chapters 5 and 6).

Normally, we promote new species or varieties because we know they have
been tested elsewhere and have been proved to give some additional products
or services that are new to customers. Your source of information can come
in handy for promoting new species. If you have read about the species in
journals or newspapers, it is good to make a copy of the article and copies of
other leaflets with information about the species, and make them available to
customers. Verify the details in such articles with relevant experts since some-
times unrealistic expectations are created with some species being promoted
as wonder trees. When success stories on Calliandra calothyrsus started rolling
out of Embu, Kenya, and articles appeared in a newspaper, the research cen-
tre received many calls from areas where the species had not been promoted.

It is also important to know that customers have very little information about
alternative tree species that can provide the products they need. If you present
new species as providing superior alternatives for the needed products, then
you are likely to create a demand for the new species. Start with only a small
quantity of the unknown species and increase supply as demand builds up.

16.7 How do I make sure that customers return?

Small enterprises rely very much on local business. If the local customers
don’t come back, the business can go under. You need to make sure that you
supply the species that people want, at the right quality and time, in large
enough quantities, plus any extra services demanded. This may seem diffi-
cult, but if you work together with other related enterprises, you shall meet all
demands from customers. Adding something extra, such as new species and
good background knowledge will impress your customers even more.

The quality of your products will also determine whether the customers will
return or not. Some nursery operators indicated to us that they had stopped
dealing with certain seed dealers because the dealers had sold them seed that
would not germinate. As long as your customers can interact and evaluate
your services then this kind of disappointment can result in more customers
turning their backs on you. Some seed dealers have reported working with
their clients (nursery operators) on the right germination methods to ensure
that the seed has germinated. Other dealers only take part of the payment for
seed and the rest once full germination has taken place. The information in
this Toolkit on seed production, seedling quality and research should give you
an edge over issues that may dissatisfy your customers.

Ask for feedback on the performance of your seed or seedlings after planting
in the nursery or field. Be there to provide support and work out solutions

Tree Seeds for Farmers:
A Toolkit and Reference Source



together with your customer if something goes wrong. Be ready to compen-
sate the customer if the seed or seedlings fail due to no fault of the customer’s.
Ensure a close working relationship with most of your customers wherever
possible. Be ready to answer questions and clarify any issues about the seed or
seedlings that you supply, and receive any comments or criticisms positively.

16.8 How should I interact with my competitors?

Many seed dealers and nursery operators are in agreement that the demand
for tree planting material is increasing. They also often find themselves with
an excess supply of seed or seedlings of some species and lack some species
that their customers desire. You might be surprised to find out that other deal-
ers (your competitors) have what you do not have, but lack what you have. By
working as an association of dealers, you can easily exchange seed or seedlings
that are either in excess or scarce supply. It is possible to specialize in the spe-
cies that you supply while being part of the network, to avoid unsustainable
competition. The quality of your seed or seedlings as perceived by the users
will place you above the rest, especially if you invest in good packaging,

When seed dealers and nursery operators view each other only as competi-
tors, this can result in unhealthy competitive activities that can eventually be
detrimental to their businesses. These activities include lowering prices to
unsustainable levels, and selling off poor-quality material in order to reduce
costs of collection/production. Working as a group will ensure that you can
agree on reasonable prices that give you some profit, you can exchange high-
quality seed, you can share market intelligence and access seed sources that
you did not know about before.

A group can easily link with NGOs, private companies and other organiza-
tions that place bulk orders that a single operator may not easily handle. As a
group, you can also ensure that the quality of materials is high, in comparison
to unscrupulous middlemen who make customers distrust private seed and
seedling dealers. A group can help solve common problems such as lobbying
government and NGOs not to distort the market by supplying free or subsi-
dized seed or seedlings.

However, working as a group is subject to group dynamics and not all groups
will work. Seed or seedlings dealers who decide to come together as an as-
sociation need to first discuss the benefits of working as a group. Patience 1s
needed in the first few months or years as the group stabilizes. Some members
may express dissatisfaction at some of the functions and may opt to leave the
group while new members join the association. What is needed is a clear focus
on the goals, especially by leaders. Transparency and accountability within an
association should foster stability and the performance of the group.
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Chapter 17:

Tree Nurseries as an Enterprise

Summary

17.1 Why should I approach tree nurseries from an enterprise
perspective?
Approaching the management of a tree nursery from an enterprise perspec-
tive orientates you towards the customer with a profit motive. This kind of
focus means stocking and selling the tree species that customers value at an
appropriate price as well as actively marketing your products.
More on page 205

17.2 Is a tree nursery a good enterprise choice?

In order for a tree nursery to survive and even thrive as a business you need
to meet farmers’ needs. Approaching the management of a tree nursery from
an enterprise perspective makes sure you pay attention to the customer. A tree
nursery has the potential to generate significant income. Since a nursery pro-
vides a high-value product, it is suitable for a small farm. A tree nursery has
relatively low start-up costs and can give a quick return.

More on page 205

17.3 Why not operate a tree nursery on a not-for-profit basis and
distribute seedlings free or subsidized to farmers?
There are many instances whereby tree nurseries are managed on a subsi-
dized basis. In some cases, this is justified, but usually only as a short-term
promotional activity for a new species, or if producing for own-farm use. As
the only mode of seedling production and supply, free seedling distribution is
not sustainable because it relies on outside financial support.

More on page 207

17.4 How do I start a tree nursery enterprise?
Firstly, you need to make sure that there is a market demand for tree seedlings
that has not yet been met. Secondly, you need to have a real interest in the
enterprise. Thirdly, your site needs to have reliable access to water. The start-
up cost is minimal, since most materials can be recycled or collected for free.

More on page 208
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17.5 What are the common problems associated with a tree nursery

enterprise?

The common problems can be grouped into technical problems such as knowl-
edge on seedling management or access to water; and organizational and
market problems such as access to seed and not being aware of the market.
You need to identify the biggest problems, so that you can focus on them.

By focusing on quality, quantity and choice, and balancing these against cost,
many of the above problems are addressed. You want to make a profit, but
customers should be happy to return to you.

More on page 210

17.6 How do I make sure I make money from this enterprise?

You cannot guarantee to make money from a tree nursery. But you can do
a number of things to improve your chances of getting through to the next
year. Work out how much your inputs are and make sure you are charging
enough per seedling to pay for such inputs. Compare your prices and man-
agement practices with other tree nursery operators. Can you learn anything
from them?

More on page 210

17.7 How does working as a group fit into operating a tree nursery?

You may think that working with your potential competitors is not really a
good idea. But working as a group can actually have a number of benefits for
all parties. Collecting market information, meeting big orders and purchasing
bulk quantities of hard-to-get seed is all much easier as a group. Nursery op-
erators are often the best teachers of other nursery operators in workshops.

More on page 211

17.8 How can a tree nursery be a sustainable business when trees are

such a long-term investment?

We do not think people will ever stop wanting to buy trees, in fact we hope
that in the future people will want more and more trees. The secret is to keep
finding new markets, keep selling new products and maintain good quality at
a reasonable price. Nursery entrepreneurs can use sophisticated marketing to
promote new tree species and varieties for new tree-based land-use systems.

More on page 212
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Introduction

This chapter outlines the efforts that need to be made in order to develop a
small-scale private tree nursery enterprise. The constraints commonly faced
by nursery operators, and options to deal with those constraints within an en-
terprise model, are discussed. This chapter is an illustration of the application
of the business approach to tree nurseries (see chapter 15).

17.1 Why should I approach tree nurseries from an enterprise
perspective?

Approaching the management of a tree nursery from an enterprise perspec-
tive orientates you towards the customer. The profit motive is incredibly
strong, especially if’ a household is depending on it. A customer focus means
stocking and selling tree species that farmers value at an appropriate price.
It also means active marketing of your product. No buyers will come if they
do not know about you, and new species will not be bought if you do not
promote them. If the nursery does not make a profit, there is a temptation to
distribute species that you think the farmer should have without investigating
or demonstrating whether farmers really value the species.

17.2Is a tree nursery a good enterprise choice?

Tree nurseries have the potential to generate significant income. We have
seen urban and peri-urban tree nurseries that are producing quite significant
annual returns for a farm enterprise. Table 17.1 shows some results from a
workshop on financial management and marketing. Here we found that a
wide range of species can have healthy margins (gross margin = sale — cost).
When taken together, the income from the tree nursery is quite good, even for
a small tree nursery. However, when you take a closer look at table 17.1 then
you may notice that the Tigoni nursery sells Dovyalis caffra at a loss of Ksh
-2 per seedling. When you only look at the total gross margin of a nursery,
then you may not realize that one or several species are sold at a loss. In our
experience it is often the case that some species are sold at a loss in nurseries,
and that is why we recommend nursery operators do a gross margin analysis
on a species-by-species basis. Our advice to the operator of the Tigoni nurs-
ery would be to stop production of Dovyalis caffra and focus on production of
other species, or otherwise increase the selling price of this species to recover
production costs and make a profit.

The enterprise is suited to small-sized farms since it produces a high-value
product. This is why many of the peri-urban nursery operators around
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Table 17.1 Gross margins of four different species for nurseries around Nairobi
[figures are in Kenya Shillings (Ksh)]

Ngatu Bibirioni Tigoni Grace Kiambaa
Species nursery nursery nursery nursery nursery
Dovyalis caffra
* Production 11,500 20,000 9,000 1,500 1,000
* Gross margin per seedling 3 1 -2 1 1
+ Total gross margin 34,500 20,000 -18,000 1,500 1,000
Grevillea robusta
* Production 200 2,000 4,300 100 0
¢ Gross margin per seedling 30 10 10 10 0
* Total gross margin 6,000 20,000 43,000 1,000 0
Persea americana
* Production 0 0 73 150 20
* Gross margin per seedling 0 0 100 100 50
* "Total gross margin 0 0 7,300 15,000 1,000
Prunus africana
* Production 0 0 20 100 20
* Gross margin per seedling 0 0 20 100 20
* Total gross margin 0 0 400 10,000 1,400
Total gross margin for all
species 40,500 40,000 32,700 27,500 3,400

Nairobi, Kenya, chose to run this business. If the market is big enough, a
nursery enterprise can be worth pursuing full time. This has been the case
in peri-urban areas where there is a market from the immediate area, from
urban residents, and from people who are travelling to the rural areas.

In rural areas, a nursery enterprise is ideally suited to fit in with other farm
enterprises. For example, most of the members of the group that the ICRAF
works with in Meru, Kenya, rank their nursery enterprise at number 1 or 2 of
all the enterprises they run (table 17.2). They estimated that the tree nursery
contributes on average 48% of farm income (table 17.3).
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Table 17.2 Position of tree nursery in rank of farm enterprises according to income

generated
Nursery rank  Number of nurseries Percentage of nurseries
1 7 35
2 8 40
3 4 20
4 0 0
5 1 5

Table 17.3 Distribution of percentage contribution to total farm income for 20 tree
nurseries in Meru District

Percentage contribution

to the total farm income Number of nurseries
15 1
20 1
30 3
45 1
50 2
60 2
75 1
80 2

17.3 Why not operate a tree nursery on a not-for-profit basis and
distribute seedlings free or subsidized to poor farmers?

There are many instances when tree nurseries are managed on a not-for-
profit (either free or at subsidized prices) basis. It is an attractive and relatively
simple project for many rural development organizations. Seedlings can be
grown cheaply and easily, farmers readily accept them, and trees are consid-
ered a good thing by nearly everyone. It is also easily measurable — how many
trees are planted or handed out?

Supplying free seedlings can be justified if it is a short-term promotional ac-
tivity, for example, kick-starting a tree planting project or introducing a new
and unknown species. Private tree nurseries often give free seedlings of a new
species together with a bigger purchase that a farmer has made. Then, if
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farmers like the trial seedlings and want more, they can come back and pur-
chase them.

The one instance of a not-for-profit tree nursery that should not be discour-
aged 1s if’ production is only for own-farm planting. Then enterprise princi-
ples do not play such a big part. It is still important for the farmers to analyse
which option between either buying the seedling or producing it themselves is
more cost-efficient. You will see in the next question that this is one way that
tree nursery enterprises start off.

The main point of the response to this question is that entirely not-for-profit
tree nurseries cannot fit into the model of a sustainable seed and seedlings
system because they will always need outside financial support. Even more
serious 1s the market distortion that the not-for-profit tree nurseries cause (see
box 17.1). Potentially viable and sustainable enterprises can be pushed out of
the market due to subsidized seedling supply.

17.4 How do I start a tree nursery enterprise?

Firstly, you need to make sure there is a market demand for tree seedlings
and that this need is not being met by existing tree nurseries or home supply.
Follow some of the guidelines on marketing in chapter 16. For example, a
project may have introduced some useful tree species in your area for a short
time, then left after creating a demand (such as for Calliandra calothyrsus in parts
of eastern and Central Africa). You can choose to fill the gap by supplying
such species among others. If you are an organization thinking about funding
the start-up of new tree nurseries, do a thorough survey of the area to make
sure there are no nursery operators serving the area already. It may be a better
option to assist other nursery operators to improve their business than to put
them out of business with a subsidized nursery enterprise.

Box 17.1 Subsidized seedlings

ICRAF conducted a financial management and marketing workshop for tree
nursery operators in Meru, Kenya. We did gross margin analysis for a number
of species that they sold. It turned out that for a number of species, particularly
the common ones like Grevillea and Eucalyptus, the nursery operators were hardly
making any profit, and quite often, they were making a loss. We asked why
this was so and why they did not raise their prices by 1 or 2 Ksh. The farmers
responded that their customers demanded that price because when the Forest
Department used to supply seedlings, they sold at a subsidized price of Ksh 3
(US$ 0.04) each, which is a ridiculously low price. These nursery operators are
having trouble keeping their business going in this distorted market.
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Table 17.4

Secondly, when you start up a nursery, you need to be interested and commit-
ted to the enterprise. Table 17.4 provides an insight into why some tree nurs-
ery operators in Meru, Kenya, decided to start tree nurseries. Many started
by producing seedlings for their own farm. Slowly, their business expanded to
supply neighbours and then other people. The second reason was the farmers’
passion for trees. A farmer is often successful when he or she makes a choice
to excel at his or her chosen vocation. Projects had a significant effect, as did
diversifying income and conservation interests. It may be surprising to note
that income generation was not a big motivating factor when these farmers
started the enterprise. The nursery operators only realized later that having a
market for their seedlings was important. That is why we need to focus on the
income-generation aspect of tree nurseries.

Thirdly, when you start up a nursery, your site needs to have reliable access to
water. While other technical aspects of quality seedling production are cov-
ered in chapter 18, a nursery operator has limited options when it comes to
manipulating water supply. Without a reliable water supply, your tree nursery
will always be vulnerable. If your compound does not have access to water,
choose another site if possible.

Nursery start-up costs are very minimal, as most things can be collected (like
seed) or found and recycled (like pots). By starting small and reinvesting the
profit, a good tree nursery can grow very quickly and give a quick return,
since you can sell seedlings within a few months. Wheelbarrows, watering
cans and shade netting are not essential for a small start-up tree nursery.

Reasons for starting a tree nursery taken from Meru operators’ workshop,
13-15 August 2003

Reasons for starting a tree nursery Number of farmers
Own tree-planting objectives on own farm 9
For the love of tree nurseries, passion 8

Diversifying farm enterprises to occupy family

labour/time 5
Restoration of endangered species 5
Aesthetic value of trees 4
Business (source of income) 3
Reforestation in government forests 2
Testing new tree species 1
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17.5 What are the common problems associated with a tree

nursery enterprise?

Throughout ICRAF’s surveys and other people’s work, a number of problems
have been identified. These can be grouped into technical problems, such as
knowledge on seedling management or access to water; organizational and
market problems, such as access to seed; and not being aware of the market.
Figure 17.1 illustrates these problems. There are also knowledge and access
constraints, which form part of the market problem.

Three major problems — bad-quality seedlings (quality), too few seedlings

(quantity), and low species diversity (choice) — often result in few customers
and low sales.

You will need to do some market research to find out what balance you want
between quality, quantity or choice (see chapters 12 and 16). Quantity and
choice refer to how much of each species you stock. By doing some market
research you can work it out.

17.6 How do I make sure I make money from this enterprise?

You cannot guarantee that you will make money from your enterprise. But

you can do a number of things to improve your chances of getting through
to the next year.

Figure 17.1 Examples of constraints in seedling supply, and how they are linked
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ICRAF has conducted workshops in which a simple gross margin analysis was
carried out on the tree nursery enterprises. A gross margin analysis enables
you to work out how much your inputs are and whether you are charging
enough per seedling to make a profit. If the tree nursery is a part-time busi-
ness, you may be surprised to find out that other farm enterprises are subsidiz-
ing the tree nursery or vice versa. By calculating gross margins in a workshop
environment, comparisons of costs and management practices can be made
between tree nursery operators. For example, it is possible to see what buying
water or manure does to the gross margin; or how stocking a few ornamental
species keeps sales going through the dry season.

A recording system keeps track of your costs and sales throughout the year,
and helps you reflect on what is happening in the tree nursery. Records also
simplify the gross margin analysis at the end of the year. Question 16.3 pro-
vides details on the information needed to calculate a gross margin analysis.
Good record keeping is therefore very important.

17.7 How does working as a group fit into operating a tree
nursery?

By ‘group’ we do not mean a group nursery where farmers come together and
start a common nursery. We mean, different people with their own private
nurseries coming together as an association, in order to better handle some
constraints. Although working with your potential competitors may not seem
like a really good idea, it can actually have a number of benefits for all par-
ties. ICRAF has learnt this through working with groups of nursery operators
around Nairobi and in Central Kenya (box 17.2).

It was found that project technicians are often not the best people to teach tree
nursery management. A number of operators have been in the business for
over 15 years and they really know how to grow a quality seedling. As a group,
the operators can exchange knowledge and ideas and train each other. They

Box 17.2 What operators said one year after a workshop that
brought them together

We learned to exchange ideas and seed with other operators.
We learned to market seedlings through other nursery operators.

We were able to form an association, so that we now visit each other to learn
more and more, and exchange different species.

It has enabled us to become advisors to others.
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also have access to, and know of] different tree species. Visiting each other al-
lows tree nursery operators to exchange cuttings and seed. For example, at the
third meeting of the Nairobi tree nursery operators’ self-help group, everyone
took cuttings, swapped packets of seed, and asked about the species they had
not seen.

As a small enterprise, it may be difficult to collect all the market information
you need to take full advantage of the available market. Working together
with other tree nursery operators allows you to share the job. Our experience
has shown this is more difficult to implement, especially in the absence of
written records. But even oral communication of market information is useful
and better than none at all.

Sharing orders is another thing that operators can do together. As a small
enterprise, you are unlikely to stock in high numbers all the species that are
demanded. If a big order comes in, you can share it with a neighbouring op-
erator, because if you do not do this, you might risk losing the whole order.

Since many people say tree seed is difficult to procure, bulk ordering as a
group can give access to better quality seed as well as hard-to-get species.
Ordering a few kilograms of seed with group members makes more sense
than ordering a few grams. The Nairobi group has done this with neem seed
from the Kenyan coast.

It is much easier for NGOs, researchers and extension agents to interact with
a group than to meet each operator individually. The group can also put for-
ward their concerns in a better manner.

17.8 How can a tree nursery be a sustainable business when

trees are such a long-term investment?

For a start, there are tree nursery enterprises that have existed for over
20 years. Although trees take a long time to grow and live for many years,
seedling demand 1s always high. In fact, in the future, people will want more
and more trees. An interview with informal tree seed dealers revealed that all
saw tree seed demand increasing by the day. People also appreciate having
more tree species, especially indigenous ones, on their farms. More markets
are also emerging for tree products other than timber. Tree nurseries can be a
part of the driving force to plant more trees. The secret is to keep finding new
markets and to keep selling new products. It would be good to see tree nursery
entrepreneurs using sophisticated marketing to promote new tree species and
varieties for new tree-based land-use systems.
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Chapter 18:

Tree Seedling Quality

Summary

18.1 What is meant by the quality of a seedling?
The quality of a seedling is influenced by its physiological and genetic quali-
ties. Quality is also a measure of how well the seedling addresses the desires of
the client. Farmers, for instance, are often interested in seedlings that survive
well when planted on the farm and mature early.
More on page 218

18.2 What influences the physiological quality of a seedling?

The most important aspect of a tree seedling is its ability to quickly establish
itself when planted out in the field. However, many buyers judge the qual-
ity of seedlings by the physical appearance of their leaves and stems: large,
healthy seedlings are preferred. A seedling of high quality is distinguished by
a strong well-developed root system, leaves that have adapted to open field
conditions, sufficient roots to support the leaves and stem system, and enough
food reserves to survive the time it takes to get used to the field.

More on page 218

18.3 How can I achieve good physiological quality of seedlings at

germination?

Firstly, you need to collect (or buy) seed with high germination potential so

that a high germination rate is achieved within a short time. Once the seed-

lings germinate, there should be minimum physical handling and, where it

cannot be avoided altogether, minimum disturbance. With the exception of

small seeds sow seeds directly into containers to avoid pricking out seedlings.
More on page 219

18.4 Can the substrate or containers I use in my nursery affect the
quality of the seedlings?
A good (nutritious and porous) substrate will ensure that seedlings are healthy
and look attractive. Seedlings show lack of nutrients either by leaf yellowing
(chlorosis) or by stunted (very slow) growth. Low porosity leads to restricted
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18.5

18.6

18.7

air and water flow, causing stunting or very shallow roots. The seedling con-
tainers should ensure proper root development. The choice of container is
determined by the cost, the species, their purpose and their size.

More on page 220

What other nursery practices are likely to affect the quality of
my seedlings?

Too much water or too much shade often lead to extra humidity and allow
diseases such as damping off to develop. The intensity of watering and shad-
ing should reduce as seedlings mature. Water and shade should almost be
withdrawn as seedlings near the planting out stage. The extent of watering
or shading will also depend on weather conditions and should be less on cold
and/or rainy days.

Attacks by pests and diseases result in seedlings that are visibly unattractive
and of poor quality. Practising proper nursery hygiene involves making sure
that the nursery is not damp, that all trash is disposed of; that tools are cleaned
every time they are used, and that everything coming into the nursery is free
from pests or pathogens.

More on page 221

What influences the genetic quality of a seedling?
This quality aspect depends on the seed that has been procured. A wide
genetic variability in a seed lot and thereafter of a seedling batch, provides
protection against a future loss in performance from in-breeding. Individual
nursery operators who collect seed for themselves are advised to follow the
guidelines and ensure they collect from many good-quality mother trees that
are appropriately separated. Matching species and provenances to planting
sites 13 the most important genetic quality issue. Tree species from very cold
areas will generally do very poorly in warm areas and vice-versa.

More on page 222

How can I ascertain the genetic quality of the seed that I buy
from others?
Buy from known seed dealers or reliable seed suppliers listed in the ICRAF
Tree Seed Suppliers Database. Get all the information about the seed’s source
and, if possible, pool seed of the same species coming from the same area
with other nursery operators.

More on page 223
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18.8 How can I recognize good-quality seedlings?

By checking the diameter of the seedlings compared to their height, and by
checking that the foliage (leaves) looks green, healthy and well-fed. Check that
roots are not coiled around and within the container and that the seedlings do
not have roots that have penetrated the container bottom into the soil. Find
out when the seedlings were established so you do not buy overgrown ones.
Also find out about the seed source in order to establish a match for your
area.

More on page 223
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As people plant more trees, the demand for seedlings increases. In turn, the
number of tree nurseries that supply seedlings also increases. This chapter
guides farmers to recognize quality tree seedlings and explains to nursery
operators how to produce good-quality seedlings.

18.1 What is meant by the quality of a seedling?

Depending on their interest, different people mean different things when they

talk of seedling quality.

* Farmers are interested in seedlings that will survive well, establish quickly,
and produce the required products early. From a quick look at the nursery
he or she will only judge by the size of the seedling and the colour of the
leaves.

* Anursery operator is interested in seedlings that look healthy and attractive
to clients and will sell at a good price. It is good for the nursery operator
not to spend too much money on producing the seedlings in order to raise
income from them.

* A scientist wants seedlings that will establish quickly, are uniform, and
produce the desirable research results with little unaccounted variability.

Many of these aspects are physical and can be quickly determined within
a short period of time. However, as stewards of nature, we should all be in-
terested 1n propagating trees that are appropriate for the site, and trees that
produce the goods and services that we all need. The seedlings must carry
adequate genetic variability within them (box 18.1). The nursery operator or
manager must try to satisfy all these interests while also satistying the need for
profit. Considerations of costs and expected prices of the seedlings determine
the quality that a nursery operator should achieve for the seedlings.

18.2 What influences the physiological quality of a seedling?

The most important aspect of a tree seedling is its ability to establish itself
quickly when planted out in the field. The ability of a seedling to establish
itself also depends on the planting site; thus, the seedling must be correctly
selected for the planting site. This means that the qualities of a seedling to be
planted in a humid area differ from those of a seedling that is planted in a
dry area. However, many seedling buyers judge the quality of the seedlings
by the physical appearance of leaves and stems: large, healthy seedlings are
preferred. Assessing the roots is destructive; hence, it is rarely done. However,
if’ the seedlings perform poorly when planted on a farm because of a poor
root system, the farmer will not buy from the nursery again. Therefore, nurs-
ery operators need to be careful about all quality aspects, especially the root
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system. We encourage farmers to check the root systems or sample them be-
fore planting seedlings in the field.

The following is a summary of physiological qualities of a high-quality

seedling.

* A strong well-developed root system (not coiled) that ensures an ability to
produce new roots quickly.

* An ability to quickly get established after being planted on the farm and to
start moving nutrients from the soil to the leaves.

* Leaves that have adapted to open field conditions (sun-adapted foliage).

 Sufficient roots to support the leaves and stem system (root to shoot ratio).

* Enough food reserves to survive well as the seedling gets used to the field.

* TFor species that need micro-organisms (such as mycorrizhae or rhizobia) in
order to grow, seedlings should be strengthened by adequate inoculations.

18.3 How can I achieve good physiological quality of seedlings at

germination?

As a nursery operator, the first thing that you need is to collect (or buy) seed
with a high germination potential so that a high germination rate is achieved
within a short time. Where necessary, you should also carry out the right pre-
treatment of seed (see chapter 11). Once the seedlings germinate, there should
be minimum physical handling of them and, where it cannot be avoided alto-
gether, minimum disturbance. Except for small seeds, sow seeds directly into
containers to avoid pricking out seedlings.

Pricking out, or transferring seedlings that have just germinated into con-
tainers, 1s a delicate operation which often leads to seedling root deformity

Box 18.1 Seedling quality

A high-quality seedling meets a buyer’s expectations or standards of performance
on the planting site. Although quality is mainly judged in terms of physiological
quality, genetic quality also applies. Physiological quality is the physical appear-
ance of a seedling and the aspects that ensure its ability to establish quickly when
planted in the field. Genetic quality is the combination of different traits from
the parents of the plant, which ensure that it can establish well in a given area,
continue producing high-quality products in the future, and that the offspring
will also do the same. While poor physiological quality can be easily observed
at the nursery level or soon after field establishment, the consequences of poor
genetic quality are only discovered after a long time. Poor genetic quality has
widespread future effects, such as maladaptation and inferior products from
trees on many farms. Therefore, it is important for nursery operators to ensure
that their seedlings have both aspects of quality and that farmers are adequately
informed on these quality aspects.
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and extends to poor root systems in the resultant trees. As far as possible,
pricking out should be avoided and where it must be done, a lot of care should
be taken. Big seeds should be sown directly into containers with two or three
seeds sown in each container depending on the germination potential of the
seed lot. For small seeds, prick out immediately after germination. Use the ap-
propriate density of seedlings in the nursery bed.

18.4 Can the substrate or containers I use in my nursery affect

the quality of the seedlings?

It is good to sow seeds or prick seedlings out to a substrate (the soil/sand/
manure mixture in which the seedling is planted) that is nourishing. A good
substrate ensures that seedlings are healthy and look attractive. Many small-
scale nurseries use the common soil from the nursery site. Often, this soil is
depleted of nutrients and does not have enough spaces (pores) for air and wa-
ter to get to the roots, or for roots to grow freely. If your seedlings suffer from
the lack of nutrients, they exhibit leaf yellowing (chlorosis) or stunted (very
slow) growth. If the substrate does not have enough spaces, the flow of air and
water is restricted. This restriction leads to stunting of the seedlings or very
shallow roots. It is recommended that you mix manure (preferably compost),
sand and forest soil well to prepare a good substrate. The best substrate mix
may depend on the area where you operate. You may want to discuss your
mixture ratio with the area forest or agricultural extension officer.

The containers for seedlings also determine the quality of seedlings in the
nursery since they affect the root strength. Although some containers such as
root trainers have the advantage of directing roots downwards upon hitting
the container walls, they might be expensive for many nurseries. Polythene
bags are cheap but have the disadvantage of letting roots coil or grow in
spirals when they reach the container wall, eventually leading to a weak root
system if seedlings overgrow in the bags. Seedlings with coiled roots are not
well-grounded in the field after planting.

Choose the type of container by considering the species, their purpose and

their size.

» Bigger pots should be used for species that stay longer in the nursery (such
as indigenous medicinal species) so that roots take a long time to reach the
container sides. Use bigger pots for other species for which you intend to
conduct further nursery practices, such as grafting,

* Transfer into bigger containers seedlings that were meant to stay for a
shorter time but were not planted in time in the field (possibly because they
were not purchased).

 If possible, raise open-bottom container seedlings on raised beds to avoid
root-pruning that may damage or even infect the roots with diseases. On
raised beds, roots are air-pruned in containers with open bottoms. These
beds can be made using locally available materials like bamboo or wooden
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planks placed across logs or dug out holes. In areas that experience water
scarcity, this may not be a viable option.

* Sow seedlings meant for your own planting or for the neighbourhood
directly into raised beds for bare-rooted seedling production (Swaziland
beds) or as multiple seedlings in large containers. This should preferably
be done for seedlings that are required in large numbers and do not need
a long time in the nursery, such as hedge or fodder species.

18.5 What other nursery practices are likely to affect the quality
of my seedlings?

Watering and shading can affect the quality of seedlings and as a nursery
operator you should be careful how you conduct these practices. Too much
watering or shade can lead to excessive humidity which favours diseases such
as damping off. The intensity of watering and shading should be reduced as
seedlings mature, and should almost be withdrawn as seedlings near planting
out (hardening-oft process). The extent of watering or shading also depends
on weather conditions and should be less on cold and/or rainy days. The fol-
lowing tips should be of help:

* Ensure minimum movement of seedlings to and from beds.

* Use movable shading systems depending on how much shade a batch of
seedlings need. Movable shades can be shade nets or a roll of bamboo or
papyrus.

* Water your seedlings according to their requirements, and not by fixed
regimes such as twice a day. With practice, you can learn the water require-
ments of various species by feeling their leaves.

* Water the seedlings using a watering container with small holes so as to
protect leaves and young seedlings from damage.

*  Water young seedlings more frequently but reduce the frequency as they
mature.

* Adjust your watering and shading according to the weather conditions of
each period.

* Reduce watering and shading as seedlings near field planting or get ready
for sale to ensure they are conditioned for the field (hardened).

Attacks by pests and diseases in a nursery result in poor-quality seedlings,
which are visibly unattractive. Proper nursery hygiene together with appropri-
ate watering and shading ensure healthy seedlings. The nursery should not be
damp, all trash should be disposed of, tools should be cleaned every time after
work and everything that comes into the nursery should be free of pests or path-
ogens. A major entry point for pests, pathogens and even weeds is the substrate
(sand, forest soils, organic manure and others). The substrate should be steri-
lized using hot steam or sunlight (solarization). During solarization, moist soil is
covered with polythene sheets and left in the sun for some time to kill any patho-
gens in the soil. Preventive maintenance by maintaining hygiene is better than

Chapter 18: Tree Seedling Quality 221



222

curative approaches to pests and diseases. Curative approaches involve a lot of
chemical spraying and may not improve the appearance of the seedlings.

18.6 What influences the genetic quality of a seedling?

A seedling’s genetic quality largely depends on the seed that has been pro-
cured. Most nursery operators in the tropics collect all or some of the seeds by
themselves, while a few buy from seed centres and seed vendors. Wide genetic
variability in a seed lot and thereafter in a seedling batch, provides protection
against future losses in performance from inbreeding (see chapters 8 and 12).
As has been stated earlier, the genetic quality of a seedling cannot be judged
in the nursery by clients but it affects the performance and productivity of the
trees in future. Chapter 8 explains how to collect seeds with a wide genetic
base. Individual nursery operators who collect seed for themselves are advised
to follow the guidelines and collect seed from many good-quality mother trees
that are appropriately separated.

Matching species and provenances to planting sites 1s the most important ge-
netic quality issue. Tree species from very cold areas will do very poorly in
warm areas and vice-versa. Seedlings from arid zone species stunt and appear
sickly in cool nurseries.

As a nursery operator you should:

* Understand the climatic requirements of your species stocks so that you
can provide your clients with the right information.

* Know the provenance (source and climatic conditions) of the seeds you
have collected.

* Label your seedling batches clearly in order to distinguish species and
provenances, especially if" there is more than one of the same species, or
several closely related species (see box 18.2).

* Direct each client to the right batch depending on the area the client
intends to plant his seedlings.

Box 18.2 Labelling of seedlings

Poor labelling can have disastrous results when closely related species are
confused and sold to clients. In a case study in Embu (Kenya), a nursery that
stocks Leucaena trichandra and Calliandra calothyrsus seedlings had labels exchanged
when shoot pruning was being done. The seedlings were then transported to
different destinations. Farmers in a semi-arid zone where Calliandra calothyrsus
could not do well ended up with this species instead of Leucaena trichandra. Their
disappointment was great due to poor performance. Such results lead to lack of
confidence in the nursery by buyers. There can also be confusion between related
species, such as Melia azedarach being sold as Azadrachta indica only to disappoint
the farmer after several years on the farm when it doesn’t provide the medicinal
products needed.
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18.7 How can I ascertain the genetic quality of the seed that I
buy from others?

The following checks will help you to buy good-quality seed.

Buy from known dealers to whom you can give feedback on seed
performance if you are operating a small-scale nursery. For nurseries that
buy in bulk, such as NGOs, some reliable seed suppliers can be found in
the ICRAF Tree Seed Suppliers Database.

Insist on information about the seed source: area climatic conditions,
number of mother trees and how far apart they are.

For seed dealers operating close to you, insist on having access to their seed
sources and establishing a close working relationship.

Pool seed of the same species and from the same area with seed from other
nursery operators, then share the seed proportionally in order to widen
diversity.

It you cannot afford to buy all your seed from the source of the highest
quality, once in a while buy small quantities of seed from acknowledged seed
centres (such as NTSCs) and bulk with seed procured from elsewhere.

18.8 How can I recognize good-quality seedlings?

Checking that the diameter of the seedlings is large relative to their
height.

Ensuring that the foliage (leaves) look green, healthy and well-fed.
Checking that large seedlings do not have roots that have penetrated the
container bottom and grown into the soil.

Asking the nursery operator when the seedlings were established (if there
are no records) so you do not buy overgrown seedlings that will not establish
well.

Checking sample seedlings to ascertain that their roots are straight and not
coiled around and within the container.

Asking the nursery operator about the seed source in order to establish
whether it will match with your area — if possible also asking about the
mother trees to see if they are of suitable quality.

Using any other criteria you can devise to check for seedling quality from
the above information.

The production of high-quality seedlings is a real investment on the part of
the nursery operator. Farmers cannot expect to get free seedlings since the
price they pay needs to cover this investment. The nursery operator can only
produce seedlings of as high a quality as farmers are willing to pay for. Think
about buying good-quality seedlings as an investment: the quality of the seed-
ling is a guarantee of obtaining a good product or service from the tree that
will grow from the seedling.
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Chapter 19:

Tree Nursery Operators

as Extension Agents

Summary

19.1 Why would extension agencies wish to use tree nursery operators

as deliverers of extension messages?

To develop local skills and empower local people to solve their own
problems.
To facilitate the opening up of communication channels between nursery
operators and their clients, thus enhancing the flow of information.
Field experiences have proved that farmer-to-farmer technology transfer is
an effective extension approach for sustainable technology dissemination,
bearing in mind the limited human resources facing extension agencies
today. These core farmers can use the local language to simplify technical
information from extension agents and thus ensure it is clearly understood
by other farmers.
Nursery operators with lower costs quickly reach more people.

More on page 227

19.2 Who is the target audience for extension messages from tree
nursery operators?

Seed and seedlings buyers.
Youth groups.

Church groups.

Schools.

NGOs and extension agencies.
Other tree nursery operators.

More on page 228

19.3 What training do tree nursery operators need to work effectively

as extension facilitators?

Training on products and services that trees can provide.

Training on planting, tending and management of trees on farms for
desired services or end products.

More on page 228
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19.4 What kind of approaches should tree nursery operators use in
extension?

Facilitation approaches.
Participatory approaches that use a two-way communication of knowl-
edge.
Open-ended approaches.
More on page 229

19.5 What problems could tree nursery operators encounter when

they share technical and entrepreneurial information?

Conflict of interest (as they need to work with potential competitors).
Poor attendance at meetings.
More on page 230

19.6 What abilities should a tree nursery operator have in order to

work as an extension agent?

Ability to communicate with the target audience.

Knowledge and experience of nursery operations.

Relationships of trust with other tree nursery operators.

Ability to mobilize groups of tree nursery operators.

Ability to put into practice the technology for which instruction is being
sought from farmers and other nursery operators.

Good knowledge of the language used to communicate with the
audience.

To ensure a wider spread of information through the community, it is advisa-
ble to have a balance of gender and age amongst selected nursery operators.

More on page 230

19.7 How can the technology being disseminated be sustained?

Capacity building of tree nursery operators’ (or farmers’) associations and
extension staff.

Facilitation of access to and interpretation of market information.

Participatory market chain analysis for tree seed and seedlings.

More on page 231

Tree Seeds for Farmers:
A Toolkit and Reference Source



Introduction

An in depth understanding of farmers’ needs can contribute to an increased
demand for tree planting, leading to a sustainable and healthy seedling mar-
ket. The extension system proposed in this chapter is a capacity building proc-
ess that trains nursery operators in specific technologies and also facilitates
sustainable and ongoing access to knowledge and information.

Extension services facilitated by tree nursery operators will provide the
following:

Sound technical information to farmers and other users of seed or
seedlings.

Ongoing work with nursery operators’ associations in order to build
members’ capacity and help them to solve their own marketing problems.
Working with all the associations’ members while avoiding working with a
few selected farmers.

19.1 Why would extension agencies wish to use tree nursery
operators as deliverers of extension messages?

There are various reasons why nursery operators should be incorporated into
extension systems:

The public extension system has broken down due to many challenges
such as laying-off of staff, lowered budgetary allocation, and an inability
to keep up with changing technology and information systems, leading to
limits on the number of farmers it can reach and whose needs it can meet
effectively.

Extension approaches are changing, with greater emphasis being placed
on reducing government involvement and focusing on local needs. Tree
nursery operators are in contact with many farmers due to their tree
seedling or seed marketing efforts and provide a point of contact for many
farmers interested in planting trees. Being part of the local community;,
they are a good channel where local people can be empowered to solve
local problems credibly and sustainably.

To develop local skills and empower local people to solve their own
problems. Working with an association or groups of nursery operators
allows extension staff to interact with larger numbers of tree nursery
operators at the same time, thereby using scarce resources efficiently.

Chapter 19: Tree Nursery Operators
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227



228

19.2 Who is the target audience for extension messages from

tree nursery operators?

Any customer of a nursery operator is a target audience for extension mes-
sages. Nursery customers should not only be provided with seedlings, but also
with extension messages on the proper use of those seedlings.

Target groups may include any of the following:

* Seed and seedling buyers: These are customers for tree seed or
seedlings from any nursery, or people issued with free seedlings or seed
from a central nursery.

* Youth group nursery operators: This is a group formed with the aim
of making money through the sale of seedlings alongside other activities,
such as health education or religious fellowship.

* Church group tree nursery operators: These are church groups that
manage a tree nursery to generate income for the members or to distribute
seedlings to the members’ farms.

* School tree nursery operators: These are members of a club or
group of school pupils and teachers that are involved in tree nursery
establishment and management. Their seedlings may be raised for use in
the school compound or for sale.

* NGOs and extension agencies: These are institutions that provide
extension services, for example, forestry departments, ministries of
agriculture, ministries of livestock, institutions of higher learning, prisons,
NGOs, faith-based organizations, national research institutions with an
agroforestry extension component, or ICRAE.

* Other tree nursery operators: These may be a women’s group, a
cooperative, a tea association, individual nursery operators or a group of
farmers formed purposely as a merry-go-round for money-making and

tree nursery operation activities.

19.3 What training do tree nursery operators need to work

effectively as extension facilitators?

Tree nursery operators require information in both technical aspects of
nursery management and entrepreneurship as well as communication tools
and skills. Some examples were given in chapters 17 and 18. However, experi-
ence has shown that the hands-on experience of nursery operators who have
been operating for many years often provides them with the best technical
knowledge that can be shared.

Tree nursery operators require training in such technical aspects as planting
and tending trees in the field, tree seed production, other indirect tree-
dependent enterprises such as bee keeping and the economic importance of
both locally known and unknown species.
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* The tree nursery operator needs to know the techniques for planting and
tending trees, so that they can be more effective in extension activities.
Customers prefer buying from nursery operators who can advise them on
seedling production matters like the best time to plant trees (e.g. the second
week of the rainy season when there is enough water in the ground); the
best minimum size of a seedling (at least 1.0-1.5 ft tall); the size of the
holes in which seedlings should be planted (e.g. 1.5 ft X 1.5 ft, or at least the
distance from the wrist to the elbow). Nursery operators should also know
the right spacing for the most popular species.

* In addition to seedlings, tree nursery operators could also offer other items
necessary for tree establishment, such as fertilizers, manure and nursery
tools. They could also sell tree seed to customers who wish to set up their
own nurseries. Follow-up services on the performance of the seedlings sold
can give a boost to an operator’s business as the operator builds a rapport
with local farmers.

* Tree nursery operators could also benefit from some training in communi-
cation tools and skills used by participatory extension practitioners.

19.4 What kind of approach should tree nursery operators use in
extension?

Approaches that tree nursery operators could use include:

* Facilitation approach extension: Participation in problem
identification and technology development are not enough. Hence, there is
a need to consult with farmers not only about the questions that they wish
to resolve, but also the manner and ways in which the issues preventing
access to various solutions, including technologies, could be resolved. Tree
nursery operators’ associations should serve as the contact point between
nursery operators, researchers and extension agents. This could facilitate
the incorporation of the knowledge and experience of nursery operators
into technology generation and dissemination activities.

e Participatory (active involvement) approach: This is a two-way
communication of knowledge that involves participation not only in tech-
nology development, but also in institutional and social reform. It strength-
ens the links between indigenous and scientific knowledge. In this approach,
tree nursery operators are involved in the design, decision-making process
and implementation of an extension activity. It includes the monitoring
and evaluation with clients and farmers of species demand, tree products
and services sought by surrounding communities, seedling survival, prevail-
ing tree management practices and farmer knowledge gaps. It is a process
designed to develop and strengthen the local capacities of rural people to
gain responsibility for and authority over local resources and to contribute
effectively to all decisions on how these resources are used. The goal is
empowerment of the intended beneficiaries to enhance decision making,
innovation and management of their resources and their livelihoods.
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* A tree nursery operators’ association can reach more farmers

by organizing and participating in communal tree planting
days: The Nairobi-Kenya Tree Nursery Association has organized a
number of these in school compounds where they invite the school chil-
dren, their parents and local leaders and extension staff to participate and
exchange ideas on tree planting. They also participate in agricultural shows
and share information on tree planting issues as they market their seed and
seedlings.

* An open-ended approach: This entails the use of various extension

tools and methods, for example, training, seminars, workshops, public
meetings, field days, excursions, working with other local groups, and the
use of conventional advisory service methods in a loose iterative manner as
required (see chapter 3).

19.5 What problems could tree nursery operators encounter
when they share technical and entrepreneurial information?

Nursery operators could encounter various problems when facilitating infor-
mation exchange. These include:

Conflict of interest as they work with potential competitors. Tree
nursery operators need to understand that teamwork enables them to
collect market information, meet large orders and purchase bulk quantities
of hard-to-get seed. It is also easier to get training as a group.

Poor attendence at meetings.

19.6 What abilities should a tree nursery operator have in order
to work as an extension agent?

Knowledge on the operation of tree nurseries or seed production and a
reasonable level of formal education.

Relationships of trust with other nursery operators or farmers: people will
listen to the advice and suggestions of a tree nursery operator whom they
feel they know and personally like and whose knowledge they respect.
Ability to mobilize groups of operators: the personal influence of an ex-
tension worker is important in securing cooperation and participation in
extension activities and in the adoption of improved practices.

Mastery of the language used for communication to the audience: the
nursery operator should be able to communicate in the local language or
dialect.

Ensure a balance of gender and youth amongst selected nursery operators.
Different age groups and sexes should be appropriately represented.
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19.7 How can the technology being disseminated be sustained?

A sustainable extension process should have the following characteristics:

Be able to share knowledge and teach skills rather than just provide
information.

Be pluralistic in nature or allow for the participation of a multiplicity of
service providers who can develop collaborative partnerships, based on
their respective comparative advantage, between the private sector, NGOs,
micro-credit, governmental, research, educational and extension agencies.
Facilitate capacity building of tree nursery operators’ (or farmers’) associa-
tions and extension staff.

Facilitate access and interpretation of market information.

Enable participatory market chain analysis for tree seed and seedlings.
Develop and promote self-sustaining extension programmes of tree seed
and seedlings with cash-generating activities.
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