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FOREWORD

The decade since Rg'orestation in Arid Lands was first ﬁublished has not been
kind to Africa’s arid lands. From Senegal to Sudan, each season from the mid-
seventies to 1984 brought less rain to nurture crops, water livestock, and
sustain households than the average of the previous 70 years. By the early
1980s, food shortages and the threat of famine had followed drought across a
vast crescent of savannas from the Sahel through eastern and southern Africa.
Millions of people faced starvation; for hundreds of millions of others, the
hardships of life steadily deepened.

Statistics on Africa sketch a troubled future. The continent’s population, just
over 400 million people in 1975, has expanded to 583 million in 1986, and
will increase by an additional 16 million this year. The UN Food and
Agriculture Organization estimates that 2.3 million hectares of Africa's open
woodlands--an area nearly the size of Rwanda--are stripped for fuel or cleared
to make way for new cropland each year. Much of this farmland, unsuited to
sustained cultivation, produces less millet and sorghum per acre than more
fertile areas tilled a generation ago. Despite the increase in cropland, harvests
per person are declining.

The statistics don't measure the degradation of standing trees, the
overcollection of branches for fuel and foliage for fodder, or the careless
supervision of flocks of sheep and goats that nibble tree seedlings as they
sprout. Savanna woodlands, the natural plant and animal diversity theY once
sustained, and the fertility of cropland are, like Africa's rural people, the
victims of environmental deterioration that is difficult to quantify but
impossible to escape.

Few circumstances could be more hostile to the success of reforestation
efforts. And yet the last decade has been one of notable progress. Support for
forestry has increased in both aid agencies and African governments, and tree
Elanting projects today are better matched to the needs of rural communities.
arly emphasis on plantation-based fuelwood production has given way to
more centralized community forestry approaches that involve local neople in
roject planning. Recognition that trees can enhance the fertility of agricultural
and has prompted research on a roforest;y. Native African trees ranging from
Acacia albida, planted in millet fields to fix nitrogen and boost crop yields, to
windbreaks and living fences of Ziziphus spinachristi, are today considered a
key to restoring agricultural productivity on West Africa's degraded croplands.
Prominent and well-publicized success stories, like CARE's windbreak project
in the Majjia Valley in Niger, show that tree planting compatible with
community needs can succeed even in harsh settings.




Reforestation has become o centerpiece of rural development in arid lands, a
keg to conserving soil and water supplic., securing food production, and
reducing the hardships of rural life. Accordingly, the challenge of reforestation
has grown more complex. Foresters must understand how trez specics 1teract
with their environments, match trees to the cultural needs, predispositions, and
idiosyncracies of rural communities, and coordinate the agendas of
development agencies with the limitations of local bureaucracies. It is no .onger
enough to know forestry alone; foresters must be advocates, ioboyists,
accountants, fund raisers, negotiators, and diplomats as well, perhaps all in the
same afternoon.

This new edition of Reforestation in Arid Lands is a comprehensive reference
for people planting trees. Part field guide, part planting manual, part
introduction to the legal and social context of reforestation, the book distills the
lessons of foresiry successes in dozens of countries. Few development
activities confront so directly the fundamental humai. und environmental
problems that undermine development and prolong impoverishment throughout
Africa’s arid lands. Few can match the lasting satisfaction derived from tree
planting projects that become self sustaining.

Edward C. Wolf
Worldwatch Institute
Washington, D.C.



1 INTRODUCTION

Wherever people live, they make demands upon the earth, People need land
and water to raise crops and livestock; they use wood to build houses and cook
food. Trees provide a myriad of other products that are used as household
necessities, as well as to add comfort, beauty and flavor to daily existence. The
demands of human populations on forests, lakes, and agricultural land are
increasing, while resources are decreasing. Fire, overgrazing, and uncontrolled
use of already limited resources have added to the hardships caused by
drought. Although natural resources are being rapidly used up throughout the
world, the demand for them can be met if people plan for their continued,
sustained use. More and more countries around the world are now trying to
solve such problems and are taking steps to stop the depletion of their national
resources. Reforestation and revegetation projects are among the most effective
approaches to bringing about a restored, sustainable resource base.

The subject of this manual is reforestation in arid and semi-arid lands,
specifically ir Sub-Saharan Africa. The first edition of this manual, published
jointly by Peace Corps and VITA, was an attempt to present current state-of-
the-art examples of reforestation methods used in West Africa. This new
edition has a broader geographic focus, drawing on experience in dry regions
of eastern and southemn Africa as well.

While the manual focuses on Africa, many of the problems that project
planners face are similar throughout the world. The major obstacles to
reforestation proslrlz:‘ms are usually caused by a lack of understanding of the
social context within which the programs must be carried out, rather than by a
lack of technical expertise, equipment, or funding. Local acceptance of a
project is indispensable to widespread participation in project activities, which
in tum is essential to ensure seedling protection and survival. Reforestation

rojects will be willingly accepted only if they address specific needs that are

ocally recognized as high priority problems within the community. This book
deals with the broad subject of project design and implementation, and presents
methods and planning guides useful in different cultural contexts.

Reforestation efforts are generally begun for three important reasons: 1) to
conserve and protect soil and watersheds; 2) to increase the availability of
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forest products; and 3) to enhance the physical environment of human
habitations. Reforestation programs have been undertaken to provide:

o erosion control -- trees and shrubs to keep water and wind from carrying
away rich topsoils that contair the nutrients that make the land fertile.

o production of adequate supplies of specific products--wood for fuel and
construction, fruit and nuts for food, todder for livestock, etc.

0 protection--trees to provide shade for people and animals.

But reforestation is only one component of larger land management endeavors,
Increasingly projects are being designed with the understanding that it is
unrealistic to separate reforestation from overall revegetation and conservation
programs. Range and farm management, sand stabilization, agroforestry, and
other similar activities are undertaken--ideally--as interdependent parts of an
integrated land use system.

The tree planting techniques covered in the first edition dealt mainly with the
establishment of small woodlots and community forestry projects. These small,
isolated stands of trees, usually planted on communally owned land, have only
a minimal effect on the environment. In the almost ten years that have elapsed
since then, the importance of thinking more broadly in terms of revegetation is
now apparent. More projects are now aimed at encouragingEfarmers to plant
trees on their own property, as well as on public land. Establishment of
shrubs, bushes, grasses, and other ground cover, as well as trees, is needed
on many sites that do not have sufficient vegetative protection. Recognizin
the evolution of this understanding, a new cﬁapter on Agroforestry and Soi
Cox:ge:lvation reflects the broader range of activities that comprise reforestation
methods.

The first edition of this manual was based on the collective experience of
project planners, foresters, nursery workers, and local farmers and herders.
Additional information on nursery operation and seedling production has been
included in this edition, and sections have been added covering propagation
from cuttings, harvesting methods, and special procedures for tree planting on
difficult sites. Chapter g Soil Properties, has also been rewritten to be more
practical for actual field conditions.

The book has also been reorganized to give the material a more logical flow.
Chapter 2 presents the environmental and political framework of an
agroforestry project, and lists key elements for success. Subsequent chapters
progress through the various steps involved in the start-up of a reforestation
gro(g:ram. Project design and other aspects of planning are covered in Chapter

. Chapter 4 provides some background on soil properties that influence site
and species selection, which are discussed further in Chapter 5. Chapter 6

ives more detailed information on nursery planning and preparation, and

hapter 7 outlines the steps involved in {l{e organization of tree-planting
activities., Chapter 8 describes various methods used in the design of
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agroforestry and soil conservation systems, and Chapter 9 covers some
adaditional special subjects.

The appendixes are also worthy of special note:

o Appendix A--a directory of 165 tree species found in arid Africa.
Synonyms and common names are given as available. Brief pictorial
views of each tree--a leaf, flower, branch, etc.--are provided for most of
the species. Where possible, information is given on the uses of the tree
(not a comprehensive listing, but an indicator of the value of that tree for
certain purposes).

o Appendix B--an expanded look at 30 of the trees highlighted in Atgpendix
A. Each of the trees is treated individually in an attempt to show the value
of having comprehensive data sheets that can be used to guide field
activities. For example, the sheet has spaces for listing relevant nursery
data (such as time needed in the nursery bed or pot) and for noting planting
criteria (such as the soil and water requirements of each tree). Hopefully,
as reforestation efforts continue and more project data are recorded, these
information sheets will become a more complete and important data bank.

o Appendix C--maps and charts explaining climate and rainfall, soil,
vegetation, and characteristics of sub-Saharan Africa.

o Appendix D--a listing--expanded for this edition--of other information
sources and of bibliographic material which those who require further
information and assistance will find extremely valuable.

The manual assumes basic familiarity with reforestation terms and methods.
For example, it takes for granted that the reader will be familiar with laterite

sgils and with the use of such forestry tools as climate maps and vegetation
charts.

The text uses only one Latin name for each tree. However, some trees are
known by two or more Latin names; these synonyms are given in Appendix A.
More than one name per tree can result from any of several causes: a tree may
have been "discovered” and named by several different people; disagreement
may exist among the experts as to whether a certain tree is a species or a variety
of a species; the difference may simply be in spelling because of phonetic
dissimilarities among the languages of forestry people.



2 PROJECT FRAMEWORK

This chapter presents some guidelines or characteristics of forestry and
conservation programs that must be taken into consideration early on in the
glanning process. Some decisions must be made as early as possible, in order

or the next phase in the tproject planning process to follow smoothly. This
chapter discusses some of the issues that require careful consideration at the
outset of project initiation. At all stages of a project, members of the affected
community should be drawn into the decision-making process. Community
participation is tparticularly important in project initiation, especially in the
identification of specific problems that need to be solved and the setting of
resource management goals and objectives.

Each individual project will require much more detailed planning as well.
Selecting suitable sites, determining the best trees to plant for a given purpose,
and making sure that equipment and materials are available are preparations that
require good coordination and organization from the beginning. All of these
decisions, which are discussed in detail in subsequent chapters, must be made
in the context of the political, social, and environmental considerations
presented here.

Preliminary Considerations

Among the many variables that must be considered early on, good land
management involves:

o taking into account social and cultural issues;

o using resources only on a sustained yield basis, that is, replacement of re-
sources at the same rate that they are being used;

o producing the highest possible net income obtainable for any given area
through the best use of land as determined by the local community;

0 imgroving, developing, and conserving natural resources for the future;
an
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o recognizing that conservation and production are interdependent, and that
in the long run, neither is possible witkout the other.

All programs to conserve or develop natural resources--land, water, soil, trees,
and other vegetation--must keep these factors in mind.

Project Goals

The primary conservation concern may be protection of the soil from erosion
and loss o fertili(:r, protecticn of watersheds, protection of the natural
vegetation and wildlife, or all of the above. Production oriented projects often
give priority to increasing the amount of wood available fer fuel or
construction; however, many other tree products have value to rural
populations. In determining the objectives of a project, production and
conservation goals are not necessarily incompatible. Agroforestry approaches
are now receiving widespread attention, because they allow land to be used for
a variety of mutually beneficial purposes (see Chapter 8).

The first step in planning, then, is to determine what specific problems exist
that the community wants to solve. Once a problem has been identified, it is
then possible to discuss what the project’s goals should be. It is important to
plan realistically in determining the project goals, the time frame within which
they are to be accomplished, and how they can be achieved within an overall
resource management framework. Some questions that should be asked are:

o What problems will the project address? How will the project help to solve
these problems?

0 Does the project have a predominant objective--either protection or pro-
duction? Are there multiple objectives?

o What will the social effects of the project be? Is the %roject oriented
towards communal efforts or individual farmers and households? How will
it affect different people's lives and incomes?

o If the project is a community or coo%rgtive effort, how are its benefits and
responsibilities to be distributed? Will some people benefit more than
others?

Community Involvement

Early input from local geo le is crucial to success. Foresters and other
conservation personnel should encourage community members to take part in
all aspects of project design, planning, and implementation. This is not always
easy, because there are usually local, national, and international concemns that
may conflict. Nonetheless, a conservation project must be supported by the
people living in the area or it will not work.




Although land and resource use is largely controlled by government agencies,
most communities have had some experience in managing their own
environment. Strong traditions often exist to regulate use of natural resources,
as well as procedures for allocating these resources among members of the
community. There may also be customs regarding individual or cooperative

efforts on proiects, decision making, and distribution of benefits, It is up to
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pr(H'ect planners to find out what approaches will be acceptable within the local
traditions and community structures.

Local people are often the ones who are asked to give land for a project,
provide labor, or participate in other ways. Usually a reforestation eftort will
have to be summﬁed by people for several years before resuits can be seen. A
project should not be started, therefore, before communities are ready to
sustain the effort. To make this commitment, residents must believe that 1) the
project will address problems that they have identified and consider to be high
priority needs; 2) the project will affect their environment and lives positively;
and 3) the results will be worth the effort.

Ideally the impetus for starting a reforestation project should come from within
the community itself. Sometimes erosion and wood shortages may be
recognized as growing lRroble:ms. but the community may not actively initiate
efforts to counteract the problem for various reasons. Other problems or
shortages may seem more urgent, or there may be a widespread belief that the
environment is beiond the resources or power of the community to chantﬁe.
Environmental problems are closely linked, however, with other problems that
most concem: rural people, such as those affecting agricultural production and
health. There is a Frowing awareness within conservation circles of the
importance of these linkages to rural development programs.

Project planners, therefore, often try to create interest in projects that will
control wind and water erosion, and which will also result in increased food,
forage, and wood production. In such cases project planning should always be
in line with what people can and want to do. If the results of such projects are
likely to take years to show, local residents may look for more immediate
benefits, such as individual potted trees they can plant for shade or fruit. The
project should make every effort to respond to this level of need by providing
the requested trees. This will lead to increased community support for the
project, makine it easier to convince the community of the necessity of the
project over tt : long term.

The Conservation Community

The conservation community includes everyone. Particularly when projects are
being carried out locally, foresters and extension agents often must act as the
intermediaries between the people involved at various levels. They must contact
farmers individually, work through such traditional authorities as village chiefs
and elders, and involve representatives of various local, district, and national
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government bureaus and agencies. They must also work cooperatively with
representatives of all sectors of the local economy to ensure maximum
cooperation between technical representatives and those concemned with social

programs.

There is a lot of informal instruction to be done in order to sell a forestry or
resource management proi‘i:ct and plan for smooth program operation. This
"teaching,” when done well, lays a good foundation for the entire effort, and

the project has a much better chance of success. Often it is necessary to
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explain, bring toFether, and reconcile a number of interest groups, some of
which have widely differing ideas about the same project. Such cooperation
sometimes means filling an advisory role to a certain agency or undertaking
responsibility for a special project.” Of course, coordinating the groups and
interests involved in a forestry project is all part of project planning; it requires
patience, diplomacy, and skill to resolve the potential conflicts between local
populations’ need to utilize the available resources and the national agencies'
mandate to protect them.

Natural Résource Policies

Among the first issues to consider in initiating a new project are national
policies, the laws and regulations that govern natural resource use. In most
African countries, concern for natural resource management has led to the
establishment of certain areas for special purposes. These areas, called forest
reserves, classified forests, wildlife preserves, ’ﬁlarks, or special reserves, can
be identified on large-scale government maps. The use of these public lands is
regulated by govemment agencies through national legislation. In areas that
have not been set aside in this manner, land use and tenure are frequently
controlled by the govemment as well. Regulations can be complex, and vary a
great deal from country to country, according to national laws and local
customs. These laws can have far-reaching effects on the lives of rural
inhabitants. For example:

o The setting of bush fires to clear fields may be controlled, limited to certain
times of the year, or prohibited altogether.

o Permits may be required to harvest certain species of trees, even if they are
growing on private property or were planted by the person who wishes to
use them. Obtaining a permit often involves payment of a fee to the
regulating agency.

o Other tree species may be protected by law. Cutting, grazing, or any
destructive use of these trees may be forbidden under any circumstances.

o Forest service agents may often be res;;onsible for the enforcement of these
laws as well as for the collection of fees and fines. Rural residents may
tend to regard the foresters as police, rather than as extension agents,
conservationists, or natural resource managers.
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Most countries have at least one agency that is responsible for developing,
managing, and protecting natural resources. Revenues raised from permits and
fines may be used to pay administrative and operating costs of these and other
government agencies, often through a specially established "forestry fund.”

Project planners must determine why the land is being used or not used for a
particular purpose. They must become aware of the policies and regulations
regarding resource and land use if they are considering an&k change in the
current pattern. One cannot begin a tree-planting program without thoroughly
assessing the given location in terms of all the natural resources and the current
land use situation.

Present Land Uses

What is the land suited for now? What could the land ymduce if changes were
made? Would the new use be better than the old? Local customs, soils,
topography, vegetation, and water supply all must be studied before these
?uestions can be answered fully. Rural inhabitants who will participate in a

orestry project or be affected by it in any way should be involved in asFects
of land use planning. Procedures for making these decisions at the local level
should be agreed upon at an early stage in the project planning process.

Because the issues regarding distribution of benefits and responsibilities
become so complicated in community projects, it is sometimes more effective
to work with individual farmers or households. The individual project sites
may be smaller, but thenascan serve as demonstrations for other members of the
community. This often has the effect of motivating others to join the project on
an individual basis as well.

An important aspect to consider when evaluating a location is whether or not
land can be used for growing crops that allow people to sugpon themselves.
Above all else, the people living in that area must get enough from the iand to
live. For each tree that is Planted, a certain amount of land is taken out of
roduction for other agricultural purposes. Because trees take a comparatively
ong time to mature and be harvested, it is difficult for many farmers to take the
risk of committing their land to forestry for so long. As a result, even if a
staple crop tha grow is not as valuable by itself as a cash crop might be in
market terms, the land may already be serving its most important function.

First priority always is and must be §iven to agricultural products that are
needed for food or for market. It probably would not be the best use of the land
to plant a woodlot on a site where rice or bananas can be grown, and where
there is a good market for such crops. What might be called secondary
subsistence needs must also be kept in mind. These are uses of the land and
trees that fill other needs--wood for fuel; grass for thatch; fruits and plants for
medicine and food; material for cordage, detergents, tanning, and dyes.

If the area is now filling one or several important purposes certain questions
should be raised. Would land use be improved by a forestry or conservation
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project? Which conservation efforts would improve land use? Where should
they be located? What special efforts--such as firebreaks, planting field trees,
ttfxeml::ilgg' or planting an orchard--would increase the value and usefulness of

Are wind erosion controls, such as windbreaks, or water erosion controls
needed around farm lands? Are there places that are not now being farmed
where crops could grow if they were protected? Gentle side slopes may be a
good place to grow some farm crops if the field can be protected against
erosion. Careful observation and detailed study of the project area provide
answers to such questions.

Once the project planners have completed an initial assessment of land and
resource use, have carefully evaluated the local situation in terms of needs and
problems, and have agreed upon the project goals, it is necessary to begin a
more detailed planning process: the project design.

Key Elements for Project Success

The following is a checklist of keys to successful forestry projects. These are
particularly important to keep in mind during the planning stages. Some of
these topics have already been mentioned in this chapter, while others are
discussed in more detail elsewhere in the text.

o Start small. Initial project efforts should be kept to a modest scale. If
they are successful it will be easy to expand them later on.

o Encourage existing conservation activities. Village level nurseries,
woodlots, windbreaks, and other erosion control measures may already
exist in the area. Concentrate efforts on improving and extending
technologies that are already in place, rather than introducing new ones.

o Individual vs. communal activities Projects that can be implement-
ed only through communal efforts may not take into account the most
effective means for extending reforestation efforts. Project planners should
consider working with individuals on their own property as well.

o Local participation. Rural inhabitants have a wealth of knowledge
about their environment that they can contribute to project planning. Their

participation is necessary to encourage that local needs and expectations are
met.

o Soil and water studies. It is vital to obtain all available data on soil and
water qualglt_i. If possible, samples should be analyzed by a qualified
laboratory. This should take place early so that the information can be used
in species and site selection.
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Species selection. Indigenous species should be considered as well as
exotics. If possible, use a mixture of several species.

Seed sources. Selzact species and identify seed sources early. If seed is
to be obtained locally it will be necessary to locate good quality parent trees
and train seed collectors. The genetic a3uality of the planting stock can make
the difference between success and failure.

Land use. The productivity of farming systems should be maximized
ilproughk)integranon of conflicting land uses (agriculture, forestry,
vestock).

Protection. Many dplz:mted trees die due to a lack of protection from pests,
livestock, fire, and other threats. Prepare a protection package to deal with
these problems.

Benefits. An equitable distribution of benefits will ensure continued in-
terest in the project.

Evaluation plan. Once project goals have been decided, a set of criteria
for ongoingaYsroject monitoring and future project evaluation will help en-
sure that goals are reached.

»




PROJECT DESIGN

Once the long-range goals of a project have been determined, community
participation established, and alternative land uses carefully evaluated, the way
n which the project will be implemented must be decided. The project design
involves detailed technical planning and other considerations that must
integrated into the overall forestry or agroforestry project. One of the most
complex aspects of ;;roject design is the choice of sites for reforestation efforts,
and the matching of appropriate species to the site conditions. Because these
decisions are so important, they are discussed in separate chapters. Chapter 4
provides an introduction to site evaluation in terms of soil properties and their
influence on plant growth. Chapter 5 deals with the effect of other
environmental factors on site and species selection, as well as considerations
such as project purpose, human preferences, and legal constraints.

Other issues in project design involve options for regeneration of plantations or
natural forests, seasonal considerations, water availability, site use planning,
and protection of the growing stock. Project planning also includes
preparations to direct activities and work effectively with crew members. In
addition a successful project requires accurate record keeping. These issues

and their implications for project design are discussed below.

Regeneration Options

One of the first steps in designing a forestry or conservation project is to
examine various regeneration options. The key decision at this point is whether
it is necessary to establish a nursery for selected species or whether
revegetation can be accomplished in some other way. Some alternatives to
raising seedlings in a nursery and transplanting them at the project include:
direct seeding of the area, planting cuttings directly on the site, or simply
protecting the area and leaving it alone so that it can regenerate naturally.

Most current reforestation efforts in dry lands use a nursery to produce
seedlings, because these other methods are not considered feasible for one
reason or another. Establishinieand maintaining a sizable nursery can be
expensive, however, and it may be worthwhile to try some of these alternative
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techniques on an experimental basis to determine if they are practical. The
principal consideration at this point is the type of reforestation or revegetation
effort needed.

Natural Regeneration

Areas selected for reforestation are often marginal lands, unusable for intensive
agriculture because of soil quality, topography, lack of water, or other factors.
owever, some trees will grow almost anywhere. If no examples of an
indigenous species can be found on a site where it should be possible for it to
grow, the forester tries to find out what is preventing it from occurring there.

Very often the major reason is a lack of seeds in that particular area. If there are
no adult trees nearby gmducing seeds that can be carried by natural methods
(for example by wind or water, or by animals depositing the seeds on the
lgﬁ'ound in their manure), the seeds will be scarce. Even if seeds are available,

ey may be unable to germinate or the newly sprouted seedlings may not
survive, because of overgrazing, fires, or blowing sand in the area. If site
conditions continue to deteriorate, the species will become even more sparsely
distributed because new vegetation cannot become established.

Before any natural revegetation project can be undertaken, it is necessary to
make sure that the factors preventing a species from growing on the site are not
still present, or that they can be overcome in the course of the project. Nature
can heal a barren area if ngliven enough time, but in most cases, natural
regeneration cannot occur unless special efforts are made to help it along. Such
efforts might include fencing the area, &rotecting it from over-grazing, and
setting up good local cooperation so that the residents realize the importance of
leaving the area alone. Sometimes a certain area can be helped best simply by
making arrangements to ensure that the area is left undisturbed for a number of
years.

Direct Seeding

If the species chosen for planting in a given area responds well to direct
seeding, this method is certainly worth trying. Obviously, it is cheaper to sow
seeds directly on the planting site than it is to establish a nursery, maintain the
seedlings for several months, and then transfer the young trees to the planting
site. It 1s even possible to direct seed by feeding pods of certain trees to cattle
or sheep that graze on the land. They deposit their manure, containing the
seeds, on the ground, and sometimes this method achieves a high germination
rate.

Some direct seeding results have been good in areas with rainfall as low as
700mm, but there is still much to be learned about direct seeding techniques on
dry sites. One of the reasons this method has not been used more often in the
past has undoubtedly been the scarcity of seeds. Direct seeding requires
relatively large quantities of seed.
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Good results from direct seeding have been obtained in sub-Saharan Africa
with Borassus aethiorum and Anacardium occidentale. Acacia albida seeds
have been sown in clumps in fenced-in areas and have started to grow. Good
regeneration has also been obtained with seeds scattered in bushy areas where
the young trees were at least partially protected by thomy branches and twigs.

Some trees simply cannot be grown using direct seeding techniques. One of
the major constraints in dry areas is the irregularity of rainfall patterns. Aftera
few rains have fallen, it is not uncommon i'or adry mll to occur. When this
hapms, newly sprouted seedlings rarely survive. While the water supply of
seedlings can be easily controlled in a nursery, it is usually impractical to water
direct seeded plants in the field. Nursery raised seedlings are better able to
withstand drought, because their root systems are more developed.

Cuttings

It is sometimes possible to take cuttings of trees and transfer them directly to a
planting site. Successfulildvl propagated cuttings sprout new roots and leaves,
and develop into genetically identical replicas of the parent tree. Commiphora

africana and several Euphorbia species are possible choices for this method of
revegetation. However, use of cuttings is still only experimental on dry sites.
This method has the advantage of being low-cost, because little is needed in the
way of equipment, and cuttings are easy to transport. As with direct seeding,
however, even brief dry spells can cause heavy losses if they occur before the
cutting has established an adequate root system. A section on Propagation from
Cuttings is included in chapter 9, Special Subjects. This section describes
procedures for seedling production in the nursery, or direct on-site revegetation
using cuttings.

Nursery Production

Although seedlintﬁs raised in a nursery may go through a short period of
transplant shock, they already have well developed root systems when they are
placed in the field. By the end of the first growing season, their roots should
extend to deeper sources of soil moisture, enabling them to survive long
periods of drou,ﬁht. An analysis of the regeneration options described above
may indicate, therefore, that the best method for seedling production is a
nursery.

If so, there are a number of decisions and ‘,plans to make before beginning. Is
the nursery to be permanent or temporary? In other words, is there a need for
one that can continue to supply trees even after the comfletion of a project? Is a
large, centralized nursery needed, or would small, village-based nurseries be
better? Moreover, the nursery should be designed to meet the specific
requirements for the type of reforestation activities that are envisioned.

Other details regarding the nursery should be considered during the project
desn‘g:igrocess of soil does the nursery site have? Will fertilizers be
needed? Should seeds be planted in plastic pots or other containers (clay jars,
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leaves, cardboard, etc.) or directly into seedbeds (open-rooted)? These
decisions depend in part on the species to be grown, the size seedlings that are
needed, the amount of nursery space available, and the costs involved.

Obtaining seeds is often a major problem, and the question of seed su%)ly
should be addressed early in the planning process. Seeds must be ordered or
collected locally, and they must be treated and prepared. What is the time-frame
for the project? How long will it take to set up the nursery? When should seeds
be planted? When is the best time to transplant? Is there an adequate water
supply? Is the land cleared? Does a fence have to be built? Each of these
important points is discussed in further detail in Chapter 6.

Water Supply

Water supply and costs are critical to nursery planning and operation. Much
money and time could have been saved in some nurseries if the first year had
been used only to test and observe the water suPply and perhaps raise a few
thousand trees on a trial basis. While this kind of testing may not be possible,
one cannot be too careful when it comes to the subject of water supply. All too
often what looks like a good water source turns into a dry, or nearly dry, hole
just at the time the water is needed most. This is when the trees in the nurse
are requiring the most water for growth, or when temperatures are highest, an
the plants are losing more water through transpiration and evaporation.

Water Quantity

It is essential to be completely realistic about water supPly, the project's need
for water, and the costs involved. A method for calculating daily water
re%uirements for the nursery is given in Chapter 6. It is important not to
underestimate any of these factors. In sub-Saharan Africa it is usually not
possible to get a steady water suprly without 1) lifting the water from deep
under the ground (as in a deep well), or 2) carrying it considerable distances
from the source to the nursery. Both of these methods are expensive.

If the project has access to a deep well with a steady supply of water, it makes
sense to include the cost of a pump in the pn;ject budget. While it is possible to
handlift a few hundred liters of water a day from a deep, open well, pumps are
necessary when quantities as much as 400 liters, twice a day, are called for.
Large projects that use a well for a water source cannot rely on that well if it
does not have an adequate water lifting or pumping system. These systems
ensure that sufficient water is available at all times with the least possible effort.

It is worth taking extra time and effort to plan a well and water-lifting system
carefully.
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Water Quality

Many water sources, whether they are wells or surface depressions, contain
considerable amounts of salt. In fact, in some areas along coastlines, a well
may contain mostly salt water with only a thin layer of fresh water floating on
the surface. Even water that may not contain much salt originally can collect
salt as it flows over the ground; salt remains after the water evaporates.

Sometimes salt concentrations are so heavy that trees cannot be grown in the
area.

Some trees and crops can stand more salt than others. Salt tolerance {the
amount of salt a plant can take and still survive) of farm crops has been
studied, and information is available for selecting crops that can live in water
containinﬁ some salt. Unfortunately, however, relatively little is known about
how much salt trees can absorb and still grow well. It does seem, however,
that Casuarina equisetifolia (Australian pine), Conocarus lancifolius, Phoenix
dactylifera (date palm), and Tamarix spp. (Tamarisk) are all rather salt tolerant.
As a general rule, however, water containing more than 550 parts per million
of dissolved salt seems unfit for nursery use.

Sometimes there is no way to keep from using water that contains some salt. In
a borderline situation--where it seems the trees might be able to live even if the
water has some salt in it--the usual practice is to "over-irrigate.” Over-irrigation
is accomplished by futting on too much water so that any damaging substances
in the water are likely to be washed down or leached and are less likely to build
up and remain on the surface of the nursery beds. See Chapter 4 for a further
discussion of salinity problems.

Water Sources

Ground Water and Wells

Water in the ground can be reached by constructing various types of wells
us1gf methods that have been studied extensively in Africa, for example, by
local govermments, international organizations, consultants, and engineering
firms. Most nurseries use wells as their principal source of water.

Traditional wells in Africa are dug by hand. This is practical where the water
under the earth's surface is only a few meters below ground level. In such
cases, well construction is relatively easy and little more than a simple hole is
needed. When th ground water is below 10-15 meters, well-digﬁing becomes
somewhat more c¢omplex, but still can be accomplished by hand-digging
methods at reasonabi: costs.

In other areas, deeper wells are necessary, which require even more
complicated construction procedures. In some places, it is necessary to dig 100
meters before reaching aqu: fers (water-bearing layers of the earth). And even

when water is reached, the v.ell may not give enough water to make the effort
worthwhile.
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One point cannot be stressed enough: when wells are dug, they must penetrate
the water-bearing layers as deeply as possible so that the well will continue
si\éing water even during the dry season when the water table in the aquifer

ps. Failure to plan adequately in terms of any of these factors can lead to
trouble for the project.
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the aquifer completely, therefore, and will give sufficient water
not enough water will be available during the dry season.

during the dry season.

Sut{'face Water Development

Reforestation programs in semi-arid regions can also benefit from surface
water development. Catching the rainwater and storing it for later use is
possible, and several methods involving micro-catchments and ridge
construction are described in Chapter 7. However, using available water

resources such as rivers, lakes, and streams is often difficult for a number of
reasons.

In many dry areas of Africa, for example, the terrain is flat and the soils are
often sandy. Even when water is available, the soil cannot hold it well enough
to support vegetation. In places where running streams occur, the surrounding
land is often so flat that there is not enough slope to make an effective
diversion channel. Under these circumstances, gravity feed systems cannot
carry the water effectively from the source to the nursery or plant site.

The typical flatness of the topography in many dry areas causes water to pool
in large shallow depressions or basins. This water is difficult to use because it:

o usually evaporates before it is needed most;
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o frequently contains large amounts of silt;
o has to be lifted and transported to be used.

There are successful techniques for surface water development, although most
methods require substantial investments of money, labor, tools, equipment,
and maintenance. Some techniques involve reducing evaporation from water
surfaces, reducing infiltration losses, and reusing water. These all are

described in various texts listed in the bibliography at the end of this handbook.

Seasconal Considerations

Planting Schedule

The timing and duration of the rainy season are the principai factors that
determine a reforestation project’s planting schedule. In areas where there is
one long dry season ancf a short rainy season, the period during which
seedlings can be successfully established is fairly short. Some parts of the
tropics have what is called a bi-modal rainy season. In these regions two
separate rainy seasons occur each year, one usually longer than the other,
alternating with several months of dry season.

Where bi-modal rains occur, it is possible to plan two planting seasons per
year. During the longer rains, efforts are concentrated on the initial plantation
establishment. Replacement planting is planned to take place durin% the short
rainy season, to replace any seedlings that did not survive the initial planting.
When there is only one rainy season per year, replacement planting usually has
to wait until the year following the initial plantation.

Other seasonal changes also affect the nursery schedule. Seeds for different
species mature and must be collected at different times of the year. Some
species must be sown earlier than others so the trees will be large enough for
transplanting at the beginning of the rainy season. These considerations are
discussed in Chapter 6 and additional information is given for some species in
Appendix B.

Labor Availability

In planning a project it is crucial to find out what other activities will be going
on during the period you have scheduled for planting. The beginning of the
rainy season is a very important time for farmers as well as foresters. For most
of the rural population, (Plantirzg and cultivation of crops will take precedence
over any other activity during this period. If local labor will be needed to plant
trees, there are some possible solutions to this potential conflict in the planting
schedule. Altemnatives should always be discussed well in advance with
everyone involved to prevent misunderstandings. The following are some
alternatives to consider:

T . | e e SO
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o Find out when farmers will be busiest. Sometimes there is a lull in farming
activities during the first few weeks after the rains, when the crops have
been sown, but weeding has not yet begun. It may be possible to plan on
planting trees during this period.

o Insome projects most of the (Fround reparation is done before the rainy
season begins. This involves digging the holes and doing any other micro-
site improvements that are necessary such as individual water catchments,
or ridge construction. This advance preparation reduces the actual planting
time required after the rains begin. re-diggin% the holes may not be
advisable on some dry sites however (see chapter 7 for more information).

o If seedlings are produced in a centralized nursery, they can be lifted out
early and transported to the planting site in advance. They should be kept in
a temporary nursery until time for planting. Having the seedlings already
at the site can save time, but this is only practical if they can be watered
while there. This qlan is particularly advantageous in areas where the roads
become impassable during the rainy season.

o Many villages have a traditional practice of setting aside one day a week for
community projects, even during the rainy season. These community
activity days can be used to support a wide variety of reforestation and
conservation efforts,

Site Use Planning

Once it has been decided that a site is available for use as part of a reforestation
effort, it is time to plan for the fullest use of the site. In other words, the area
should be utilized as completely as possible. Incorporating other land uses,
such as traditional or improved grazing or intensified agricultural practices
(e.g., rotation from peanuts to cereal crops to fallow), must be taken into
account during the planning process. This is particularly important if the site is
located near relatively high density population centers.

Whenever possible, sites are chosen so that local residents receive some
immediate benefits while the trees are growing, and so that the land is being
put to optimal use. Some of the land uses that increase benefits during
revegetation efforts are intercropping, grass cutting by hand, collection and
gathering of forest products, and controlled grazing. These subjects are
discussed briefly below and in more detail in Chapter 8, Agroforestry and Soil
Conservation.

Intercropping
Intercrop&ing is the practice of planting and growing agricultural crops

between the rows of planted trees and shrubs. If left uncultivated, the area
between the trees would soon be covered with grass and other vegetation.
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This vegetation would compete with the seedlings for water, nutrients, and
sunlight.

It has been found, however, that competition for growing space is not as
severe when crops such as peanuts and beans are grown between the trees and
the area is kept free from weeds.

At the few places where intercropping has been tried in the drier zones (500-
700mm annual rainfall), excellent results have been obtained for the trees and
the farmers. Even where results were poorer, intercroppping may still be
cheaper than hand-weeding grasses. This is especially true during the rains,
when labor is short, because everyone is busy raising crops. Machine weeding
ard cultivation are expensive, particularly when maintenance and depreciation
of the machines are included in the cost.

Successful intercropping benefits trees, crops, and farmers alike. It requires
that farmers be aware of the special restrictions and conditions necessary for
ood plant growth. For example, the spacing of individual crops in relation to
e young trees must provide enough room for both to grow without deKriving
either of sufficient water, light, or nutrients. Young trees that are hard to
distinguish from other plants (such as Acaciaalbida or Gmelina arborea’) can
be marked with colored stakes or tape.

Of course, the choice of crop makes a big difference as to the success or failure
of intercropping. Peanuts, cowpeas, and other legumes have worked well, but
millet, sorghum, and com have affected some trees badly. The decision about
which crops to raise as part of an intercropping program must be based on
information about the crops, the nature of the site, and the type of tree that will
be planted there.

It is particularly useful to grow crops in firebreaks. These are spaces left
between blocks of trees or other vegetation so that fires which may break out
can be stopped before they burn down an entire plantation or nursex;y.
Firebreaks in tree plantations are often quite wide, thus giving a lot of s%aece or
rowing crops. For them to be effective, it is very important that they be kept
ree of weeds: (Elanting and cultivating crops such as peanuts serves this
¥urpose. When the area is completely cleaned after harvest, a relatively trouble-
ree firebreak is created that lasts until the next growing season. Of course, the

need for a complete cleaning of the area after each harvest must be stressed
and enforced.
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Cutting and Gathering

Strictly controlled cutting of grass for fodder, thatch, or mats may be feasible.
Faorest products such as leaves, nuts, fruits, gums, or resins may also be
collected. These commodities often have an important place in the local
economy which should not be overlooked, especially because they may be a
significant source of income for rural women.

As a communally owned area becomes more and more attractive to individuals,
it becomes increasingly important to be sure that any use of the land, even
cutting grass for animal feed, is controlled by an authority that everyone
recognizes. It mag be necessary to charge a fee for such uses of the land. Land
use fees will probably not bring in a lot of money, but they are important for
laying a good and fair framework for the future of the area. Usually a national
conservation agency is responsible for resource use and establishes limits for
all cutting, grazing, or farming allowed on the land. Receipts can and should
be used to sustain project efforts.

Grazing

Good land use projects may include introduction (planting, seeding, or natural)
of veFetation that can be used for grazing in or near the same area where trees
are planted. This kind of overall revegetation effort illustrates the fact that the
divisions between forestry and range management programs are becoming less
rigid than they once were.

Grazing is possible within the tree planting site as long as certain conditions are
kept in mind:
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o The number and kind of animals, as well as the length of grazing time,
must be controlled.

0 Grazinsﬂi;1 not permitted until the trees are tall and strong enough to
escape age done to their foliage and bark by animals. A goat, for
example, can stand on its hind legs and reach up to two meters. Donkeys
also stand on their hind legs to reach leaves.

o Grazing cannot be allowed to continue in one spot for too long. If grazing
does continue there is a danger that the soil will become so compacted that
air and water can penetrate the soil only with great difficulty.

If grazing can be controlled, the combination of forestry and range
management programs can lead to good land use projects. Livestock will
contribute to nutrient cycling, increasing soil productivity for both the grasses

and the trees.
Protection

Whether in a nursery or planting site, trees have practically no chance to
survive without protection from animals. Two possibilities exist to protect the
trees: hiring people to keep animals or indiscriminate human users out of the
aga, or putting up fences. Some combination of both methods may be most
effective.

Surveillance

This apiroach calls for protecting the trees by having people watch over the
area to keep animals and other unwanted visitors from disturbing the trees.
Surveillance may be possible and practical at one site, but not at another. Two
of the factors that must be considered with respect to this method are 1)
whether people are available who can and want to do the job, and 2) how much
it would cost to have them do it. Experience shows that it is too much to ask
villages or individuals to bear the burden of watching a planting site without
some form of compensation. If the people protecting the site receive a return
for their services, they are more likely to do the job well. Providing free
seedlings may be a way to create additional incentives for the job.

Fencing

There are two important considerations in the use of fences in a project: custom

or habit, and cost. A fence should be arranged so it requires the fewest possible
changes in land use patterns. Fences can be social as well as physical barriers.
If residents of the area are used to letting nomads graze their herds inside
harvested fields, this practice must be considered before those same fields are
fenced. Such grazing serves economic and social needs, as well as helping

fertilize the land through the manure that is deposited. In order to take customs
into account, it may be necessary to plan a different kind of fence, place it
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differently, or even chanFe the layout of the site before the land use problem
can be solved satisfactorily.

No matter what type of fence is to be built, there are going to be materials,
construction, and maintenance costs. The most expensive fences are those built
to protect individual trees, although there are situations that justify such fen-
ces--as when establishing individual shade trees in fields, along roads, or in
market places. The least expensive fences cover large blocks of land, for
example, 50-100 hectares. Actual protection costs per tree are estimated for
gifferent materials, sites, and areas--from individual trees to areas of over 100
ectares.

It simply is not possible to generalize that a particular plot size is the most
effective unit from either an economic or social point of view. It is a good thing
to remember, however, that the larger the block of land, the more likely there 1s
to be a problem with regulating its use. The two most important considerations
in fencing operate in direct conflict with each other: the method requiring the
fewest chanﬁes in land use patterns is the most expensive (fencin% individual
trees); the cheapest method of protection (fencing larger pieces of land) may
require the most change in traditional habits.

Individual Tree Protection

Maintenance must be included in the budgeted costs of a fence. Bitter
experience shows that money spent on building expensive, strong fences is
wasted if they are not kept repaired. Otherwise the Fences become useless or
disappear entirely long before the trees are ready to stand without protection.
The fence around the nursery or permanent site can be constructed to
demonstrate several kinds of fences and fencing material. It should be tight and
sturdy, and the gates easy to open and close.
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Fences may be built from imported or local materials or a combination of both.
There are advantages and disadvantages to each of these approaches. Whatever
materials are used, the fence should be designed to fit the needs of the project.
For example, if grazing animals are cattle only, a four-stranded barbed wire
fence is sufficient. This fence will not keep out goats and sheep, however. If
there are goats and sheep in the area, either a different type fence must be built
or the barbed wire fence must be improved.

Imported Materials

In many countries of arid Africa items such as metal posts, barbed wire, or
wire mesh may have to be imported. Their major disadvantage is their
extremely high cost. Salvaged materials, such as steel banding used for crating,

?re sometimes available, and, if used well, will produce sturdy, durable
ences.

Traditional materials
Traditional materials for fencing include:

local woods for posts;

sticks and thomy branches from brush and bushes;
woven mats of bamboo or palm leaves;

stalks of millet or sorghum

banco (earthen) blocks

CC OO0

Fence posts are made from those local woods that are most resistant to rot and
insect damage. Borassus aethiopum, for instance, is relatively resisiant to
termite damage. HyKhaene thebaica can be substituted, although it does not last
as long and is much harder to split for posts.

It is possible to prune large branches from some species without killing the
tree. Azadirachta indica responds particularly well to this method of harvesting.
The tree will sprout new branches that can in turn be removed. This practice 1s
called pollarding, and is often used to cut fence posts or firewood when it is
not desirable to remove an entire tree.

eNce

Combination live and constructed fence.
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Most posts should be treated with insecticide before they are used. Azadirachta
indica branches can be used, once they have been given the barrel treatment
with an insecticide (as shown on the following page) to increase their
resistance to termites. Limbs and branches should be at lea: about 10cm in
diameter and about 2m long. The largest ones are used for corners, gateposts,
and line braces.
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Treating Posts with Insecticide before Use

Any sort of thomy or sharp branch is useful and can be woven into fence
wires. For example, although stems from palm trees cannot be used for fence

posts, they make ideal staywires or pickets, because they are strong and
durable, and some of them have sharp barbs.
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[ 2 Posts: Borassus acthiopum or
. + Doum palm, Comiphora spp.

(treated)

Railing: Branches, sticks, Doun
“lath”

Filler: Thorn limbs, millet

: N1 | stalks (temporary),

palm-leaf stems
LOCAL MATERAL FENCE TNVES

More information on wire fencing is given in Chapter 9 Special Subjects. An
alternative approach to building a fence though is to plant a live fence.

Live Fencing

Live fences are thickets or hedges that are planted to protect small areas like
gardens or orchards. These fences are established entirel;h?y growth of cetain
species rather than by constructions of wood and wire. The establishment of
live fences is one of the agroforestry techniques discussed in greater detail in
Chapter 8. Live fencing possibilities are interesting to foresters and
conservationists, but there are practical problems that have not yet been solved.

In spite of extensive efforts to raise and transplant live fencing in a short
period, no practical and rapid methods have been found. The fences, of
course, are necessary from the beginning of the reforestation project, and one
cannot wait ten years for them to grow. One tpractical solution may be to
construct temporary fencing in front of the live fence while the latter is grown
to an effective size. Then when the live fence is large enough, the other
materials (posts, wires, etc.) can be moved to another site and reused.

Combined Protection

In most areas it is a good idea to use a combination of fencing and surveillance.
Often fencing matenals themselves are attractive for a number of other uses and
may disappear unless the area is under regular surveillance.

There does not seem to be any one method of protection that is clearly the best.
The decision must be based on such factors as local customs, willingness and
ability of community residents to contribute to the protection of the trees, cost
per tree, and effectiveness of the methods.

When possible, foresters often try several protection methods in one project.
Then it becomes easy to see when one is working better than another. Tt is
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sometimes the case that a method that did not work at one site is successful at
another because of differences in the factors mentioned above.

Personnel Management

Dependable, well-trained work crews are essential to the success of a forestry
project. Crew members should understand conservation and reforestation
concepts, and should be trained to work independantly to be most effective.
Start training relatively early with small groups so that activities can be
thoroughly explained and shown in detail. Peogle who have more experience,
and who are willing and able to accept responsibility, are natural candidates for
leadership positions. As these people are identified, they can be given extra
training and prepared to become supervisors or crew chiefs.

Having good crew chiefs means that during times of maximum effort, the
routine work will be carried out competently and automatically. Project
managers will have more time for dealing with urgent, special problems as they
arise.

Project managers should teach by demonstration, as well as through
discussion. During this teaching process, there will be an opportunity to watch
different people and see how they master techniques. The manager will get a
geood idea of those who are the most capable. Activities and jobs may have to
explained more than once, but explanations must be done positively in order
to provide encouragement and to build enthusiasm and support for the project.

High quality work and proper tool use and maintenance are far more important
to the effort than is speed. The most effective means of teaching this is to
provide the crew with a good model. If the project manager makes a point of
maintainin%)ethe equipment by cleaning it and putting it away properly, the
lesson will be effectively taught. Everything a prof'ect manager does, whether
the crew members are watching or not, should be consistent with the
techniques and values encouraged 1n the other personnel.

Project managers who are on time, plan well, and do what they say they are
going to do will have more support and better projects. People enjoy working
with someone who is in control of a situation and knows what to do. The
ability to self-analyze and the willingness to accept suggestions from crew
members are indicators of a good project manager.

All of these personnel development activities should be started well in advance.
The goal is to establish a team of people used to working together, so that
when the actual work arrives, each knows what to do without being told. The
crew chiefs will work without being supervised all the time. Staff briefing
sessions provide both information and encouragement, and can help to prevent
problems and misunderstandings from arising.
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Project Record Keeping

Record keep g ;ln'ooedures should be set up dun'n'i the project planning phase.
In addition to helping the project managers keep the project on track, accurate
detailed nursery records make the project a valuable resource to others--
whether the result was a success or failure. Some project managers find that
keeping a diary is a good way to record important facts. Information that
relates to the amount of labor and time spent on nursery activities goes into the
diary. The project manager records what is done, by whom, and how many
hours were spent by each person on which activity. This information can then
be used to 1) fill out time sheets for payroll records; 2) calculate how many
work-hours it took to build 100m of fence or to stack 1,000 pots; and 3) make
cost and time estimates for future projects.

Other important data relate to the technical details of the project. For example:
how were the seeds collected and pre-treated? When were the seeds planted?
How many were planted in each bed or pot? How many of the seeds
germinated and how long after theg were planted? How much water did the
seedlings receive? Were they treated with insecticides or any other chemicals?
Appendix B is a start at gathering in one place relevant nursery and planting
data for certain African species. This kind of information greatly facilitates
planning of future projects.

Eye? funder or sgonsoring agency wants to know how its projects are doing.
Field personnel should be prepared to keep the following records, in addition
to the diary mentioned above:

A Monthly Report should include:

o A summary of the activities of the previous month, based on the
more detailed accounts in the diary;

o A basic plan of activiiies for the coming month;

o A brief explanation whenever actual activities differ from those that had
been planned for the month.

Such comparisons and explanations enable both the project manager and the
sponsoring a%ency to understand and support the project better, and thus lead
to fewer problems arising from lack of communication.

Special Project Reports, if necessary, such as separate reports of special
project activities, can be prepared using material from the diary and monthly
report.
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Technical Notes are notes made of conclusions and specific observations. This
kind of information can be sent to the funding agency, evaluated, and, where
appropriate, incorporated into new projects and training programs.




4 SOIL PROPERTIES

Before selecting a project site, it is necessary to evaluate soil conditions as
thoroughly as possible. The extent to which soil properties can be measured
will depend on the availability of equipment in the field or access to laborato
facilities elsewhere. This chapter deals with on-site assessment of certain soil
characteristics and their effects on plant growth, for use in situations where a
complete soil analysis is unobtainable.

The chemical properties of soil layers near the surface, especially the amount of
available nutrients, are not as important to trees and shrubs as they are to
agricultural crops. Tree roots, particularly in arid areas, go much deeper and
can extend laterally farther than those of crop plants. Therefore they can reach
nutrients and water that plants with smaller root systems cannot. How well this
takes place depends on physical soil progerties rather than chemical ones.
Without adequate soil moisture even an abundant su lply of nutrients will be
uthseless to the plant, unless sufficient water is available to act as a carrier for
em.

The major soil characteristics that influence growth and health of trees and
shrubs on arid sites are:

o soil texture

o water holding capacity
o soil reaction (p

o soil depth

Other factors can be important too, es;))ecially for younger, smaller trees. The
organic content of the soil layers in the area of the root zones influences the
hysical &roperties of the soil as well as the pH and the availability of nutrients.
oils with a high organic content are better able to store rainwater that has
filtered down to the areas where roots can absorb it. Another important factor is
soil salinity, especially on very dry sites where runoff accumulates or
groundwater tables are high.
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Soil Texture

ertain soil types are best for trees and shrubs because of their texture. In
analyzing soil texture, what counts is the relative proportion of the various
sizes of soil particles (the individual grains of soil). Apart from gravel or
pebbles, soil is made up of sand, silt, and/or clay particles.Soil particle
classifications are shown in the box.

Soils with a high capacity for holding moisture that plants can absorb have a
texture consisting of a blend of coarse and fine particles. Some tree and shrub
species like Acacia raddiana and A. senegal grow well in loose, light, sandy
soils. Others, like Acacia nilotoca or Bauhnia reticulata, prefer heavy, clayey
soils that may become waterlogged during the rainy season

Many species prefer a balanced soil texture. Based on current information,
most species can be roughly grouped into three broad categories: heavy,
medium, or light soil requirements. More data on different species are now
becoming available that can be added to the existing knowledge base (see Von
Maydell's Arbres et Arbustes du Sahel).
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Heavy, clay soil (above):
o water available
o slow, stunted root growth

Loose, sandy soil (right):
o little water available
o rapid root growth
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Soil Particle Diameter Range (in millimeters)
USDA International
System System
Light Soils/ Very coarse sand 20-10
Coarse Particles
Coarse sand 1.0-0.5 2002
Medium Sand* 0.5-0.25
Fine Sand* 0.25-0.1 0.2-0.02
Very Fine sand 0.1-0.05
¥ Silt 0.05-0.002 0.02-0.002
Heavy Soils/
Coarse Particles Clay Below 0.002 Below 0.002
* Particles in this range make up the largest portion of dunes in arid Africa.

Soil Structure

Soil structure should not be confused with soil texture. The concept of soil
structure deals with the aggregation of ?rimary soil particles, their size and
their disparities. Four principal types of structure are recognized. They are
mentioned for the purpose of acquainting the reader with the terms. It is
important to keep the distinction between texture and structure in mind.
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The four principal structure types are illustrated above.
Soil particle aggregates are shown greatly enlarged.
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Water Holding Capacity

All soils can hold certain amounts cf water. When a soil is saturated, some of
the water will filter down through the open spaces around individual particles
and will be lost to plant roots. This "dnp-dry" process can take from several
hours to several days. At the point when the downward movement of the water
stops, the soil is at "field capacity." Some moisture stays behind after the
excess water has moved through the soil. It is held in place by capillary forces.
Plant roots have the ability to absorb this moisture and utilize it for growth and
transpiration. The remaining moisture in the soil is held so tightly by individual
soil particles that roots cannot absorb it. This is hygroscopic water, which is
unusable by plants.

For a plant to grow, the soil moisture must be between field capacity and the
wilting point (a low moisture level beyond which a plant cannot recover if
additional moisture is not supplied). These two levels, field capacity and the
wilting point, will vary from one soil to another.

The main factors that determine this range are:

o Soil Texture: generally, the coarser the overall soil texture, the less water it
will hold. Inversely, the finer the texture the more water it can retain;
however, there will be a higher percentage of hygroscopic moisture.

o Organic Matter: organic content is very important, because decomposed
organic matter (humus) acts like a sponge. It soaks up excess water and
stores it so that roots can absorb it later on.

o Other Factors: porosity and surface conditions can influence soil moisture
levels, but to a lesser degree.

In general terms, the heavier the soil, the more moisture it can hold after it has
been soaked by infiltrating rainwater or excessive flooding. Sandy soils tend to
dry out faster than soils consisting of finer particles. There are two soil types
that contradict this general rule, and both have important implications for tree
growing and reforestation activities.

Heavgr clays (no sand and little silt) become hard when dry, severely hindering
root development and killing young trees unless they are especially adapted to
these conditions. In addition, the surface layers of clay soils, which show
typical shrinkage cracks when dry, have a tendency to "slam shut" when wet.

e upper soil layer expands when moist and keeps water from penetrating
further down into the root zones of trees and shrubs. Even though the surfaces
of these soils are waterlogged, the moisture is unable to descend to the lower
horizons. Unless these soils are constantly loosened, this water is lost to
surface runoff or evaporation. Organic matter will greatly help to create space
for air and water in an otherwise compact soil medium. Termites can also
excavate space in soils that are severely compacted.
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Clay Cracking Patterns

The second type, dune sand, although very porous, can retain water relatively
close to the surface (within 2-4m). Adequate levels of soil moisture can be
maintained for a surprising length of time. Biological sand stabilization
activities have had good success on dunes that appeared to be quite dry. Two-
inch soil augers can be used to ascertain the presence of moisture near the
surface on these sites.

As every farmer or gardener knows, plant growth can be greatly enhanced by
increasing a soil's water holding capacity. While not much can be done to
change the texture of a soil, organic matter can be added to help a soil retain
moisture better. Apart from the additional nutrients it supplies, humus also
helps keep soils crumbly and well aerated. This facilitates root development
and plant growth in general.

Farmers as well as foresters increase the soil's water holding capacity in
several other ways:

o reducing wind velocities to slow down evaporation and transpiration;
o reducing soil surface temperatures (using shade);

o loosening and break up top layers to increase infiltration and produce a
crumbly structure;

o mulching to reduce surface drying;
o practicing sub-soil plowing or "ripping" to break up compacted layers;

0 using green manure cover crops to provide additional organic matter and to
protect the surface during dry seasons;
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o adding compost or animal manures, crop residues, or leaf litter from trees

and shrubs;

o practicing contour cultivation as well as other soil and water conservation
techniques.

In some areas these approaches are ggactical onl)lr‘hfor crogn?r vegetable
production because of the expense or labor involved. Those techniques that are
applicable to reforestation involve breaking up soil layers (by preparing deep
holes for planting seedlings), weeding and loosening the soil surfaces around
newly planted trees, and the addition of leaf litter. Soil conservation
techniques, such as windbreaks and mulching, can also be appropriate,
depending on local conditions.

Emphasis in dryland reforestation is placed on conserving and retaining surface
water that accumulates during the rains. Even in extremely arid areas rain often
falls with high intensities. A water surplus builds up temporarily in the soils
and on the surface that may be lost to runoff or evaporation. With some
additional efforts much of this moisture could be stored and made available to
trees and shrubs. Retaining and conserving water is one problem; getting it to
and keeping it in the plants’ root zone is another. In any case, a soil's water
holding capacity remains one of the key factors in successful reforestation
efforts in arid zones. Those techniques that have been given good results are
covered in Chapter 8, Agroforestry and Soil Conservation.

Soil Reaction (pH)

Soil reaction is an important variable because it can limit or enhance survival
and growth of trees and shrubs. The measurement of soil pH can also be a
highly useful indicator of other soil characteristics that are more difficult to
determine in the field, such as organic content and soil salinity. Inexpensive
and reasonably accurate "pH kits" are becoming increasingly available, making
pH tests feasible on almost any site. The information that can be derived from
these tests makes them well worth the effort and investment.

The symbol pH stands for "potential of hydrogen." It measures the hydrogen
ion concentration in a given soil sample, which indicates the intensity of soil
acidity or alkalinity. A neutral substance has a pH level of 7. Values below 7
indicate acidity. and those above show alkalinity. The pH range of soils
generally varies between 3.5 and 9.5.

A pH value of 7.5 or more indicates that some free carbonates of calcium or
magnesium are present. Soils over 8.5 nearly always contain exchangeable
sodium. Low pH values in tropical climates, on the other hand, indicate free
aluminum levels, which can hinder plant growth considerably.
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For a given soil, pH values can vary quite a bit, depending on the depth of the
soil profile from which samples are taken. Soils that show high acidity close to
the surface may be more alkaline at lower levels. The reverse can also be true,
particularly in dry valleys subjected to an arid climate.

Tree and shrub species vary in their requirements for best or at least tolerable
pH ranai;s. Casuarina equisetifolia, Acacia auriculiformis, Tamarix spp., and
date palms are among those species that tolerate highly alkaline soils. Pines and
mountain bamboos do better where soil acidity is relatively high and pH values
therefore low (4.0-5.5). As a general guideline, trees and shrubs in arid zones
will do well within gH ranges of 4.5 to 7.5. Proper choice of species is
important, however, because some species are particularly sensitive to pH
requirements.

Much time and effort has been lost when pH requirements of newly introduced
species have not been properly checked against conditions at the planning site.
A striking example is that of the many disappointing efforts to introduce
Leucaena leucocephela in the Sahel. Poor survival rates and weak performance
of most varieties of this species have been due to the fact that pH values of the
soils were much lower (6 or below) than the ranges required (6.5 or higher).
There are a few varieties of Leucaena that are better adapted to more acid soils,
but most require a relatively alkaline soil reaction, such as limestone soils.

Anytime the pH is suspected of being as high as 7.7, caution is indicated, not
only in choosing the approl?riate species, but also for planting techniques and
micro-site improvements. Furthermore, cultivation around young trees will be
necessary to reduce alkalinity on the surface. At the other end of the scale,
acidity levels of pH 5.3 and lower also require special planting techniques and
soil restoration efforts. The addition of organic matter to the soil will affect pH
levels, at least temporarily.

Soil Depth

Many of the soils in arid Africa are far shallower than one might expect. One
reason is that in many instances the upper soil layers have been washed or
blown away by erosion. Sometimes rock layers are covered with only a thin
layer of soil, and lateritic rock outcroppings are common throughout these
regions. The soils of the plateaus that exist in many areas of Africa are seldom
really deep. In much of the African continent soils can be broadly categorized
as being highly weathered, old soils. Erosive forces have had a particularly
great impact over a long period of time.

It is unfortunate that in many instances trees are planted on sites where soils are
too shallow to support the chosen species adequately. Reforestation should not
be undertaken without first determining how deep the soil layers are. Tree roots
can sometimes burrow into underlying rock and through cracks and fissures,

but often they will become stunted and deformed, inhibiting growth and
leading to early mortality.
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A general impression of soil depth can be gathered by looking at profiles alon
road cuts and at other construction sites. Hand dug wells provide a goo
source of information about sub-surface conditions. As a rule of thumb, trees
will have difficulties if soils are less than three to five feet deep. If soils are less
than 30 inches deep, problems will undoubtedly occur unless only those
species are used that do not need deeper soils. Species selection becomes even
more complicated under these conditions. As a first indicator one should
always look at what is currently growing at the site, or what, according to the
local people, grew there in the past.

Of all the recommendations that can be made on this subject, the single most
important one is to dig before you plant. A soil pit can provide considerable
preliminary information about soil conditions. A pit does not have to be deeper
than about six feet. It will become readily apparent if hard crusty layers or
"pans" are present. If no obstacles are met, most trees will have adequate room
in which to develop their roots, although it is known that some indigeneous
species send their roots to much greater depths. A three-year-old Acacia albida

at was carefully excavated had a fine tap root that reached 30 feet into the
ground before it broke and could not be traced any further.

In addition to the location of hard layers, a soil pit will reveal useful data about
other soil characteristics. The color of a soil profile normally changes,
sometimes abruptly, from darker tones to lighter ones below. Soil texture and
pH can also change with depth. Where wind deposits occur, upper layers may
vary considerably from lower ones. The same Lging can happen where water-
bome sediments have been deposited. As a rule, lower layers are less

roductive than those closer to the surface where organic content is usually

igher. This is an important limitation when "deep planting” is being
considered.
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In summary, soil depth greatly influences tree and shrub growth, more so than
in smaller plants. On soils less than three feet deep, only specially selected
species will do reasonably well, particularly if impervious layers prevent the
free movement of water. e to six feet of soil are sufficient for tree growth,
especially if the layers below can be penetrated by tree roots. Any soil deeper
than six feet should pose no particular problem as far as adequate depth goes.

Erodibility of Soils

Soil erosion is caused by two major environmental forces: wind and water.
Wind is an especially common factor affecting loss of topsoil in arid and semi-
arid regions. Erosion by water is caused by surface runoff. Soil particles are
loosened by the imfpact of the runoff, then carried down slope by the water. A
similar process of detachment and transportation occurs in wind erosion.
Several revegetation methods for use in erosion control are described in
Chapter 8, Agroforestry and Soil Conservation.

Water has carried topsoil away and left deep ditches or channels in the earth.

WIND }
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OWIND EROSION

Fine, light dry sand, with no organic matter, being blown by the wind.
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The rate of soil erosion is influenced by topography, climate, land use--
particularly cultivation methods--and vegetation cover. The degree to which a
particular soil type may be susceptible to erosion is also a function of various
soil properties:

o Texture: soils with a high percentage of silt and very fine sand particles
(0.002-0.1mm) are more easily transported by wind and water than coarser
material or finer particles, which tend to cling together more.

o Organic content: all other things being equal, the higher the organic
content, the less erodible the soil.

o Soil structure: the glarticles in more stable soil structures are less likely to
be dislodged from the aggregate.

o Pemneability: the ability of water to infiltrate through the soil can affect
erodibility by decreasing surface runoff.

Soil Classification

Soils are classified in the United States according to a number of physical and
chemical soil properties, including those discussed above. In some African
countries other soil taxonomies may be used, however, and soils may be given
different names under these classification systems. Soil type is determined gy
properties such as moisture, color, texture, structure, organic content, pH,
presence of salts and other minerals, soil depth, and parent material. Man
standard soil survey texts describe distinctions between the classes in muc
greater detail. An introductory overview is given here that explains terms that
many forestry and conservation texts and project reports use.

Soil classification uses a special terminology to designate different soil textural
classes, which are determined by the relative presence or absence of different
particle size fractions. Soils rarely consist of only one fraction (dune sand is
the major exception, but it frequently contains some finer particles). They
usually consist of a mixture of sand, silt, and clay.

The basic soil textural classes, in order of increasing proportions of fine
Yamcles are: sand, loamy sand, sandy loam, loam, silt loam, silt, sandy clay
oam, clay loam, silty clay loam, sandy clay, silty clay, and clay. "Loam" is an
old English word sometimes applied to crumbly sotls rich in humus. In soil
classification terms, however, it is used to describe a soil that has about equal
parts of sand, silt, and clay.
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The following basic diagram gives the relative position of various soil classes
to each other:
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The particle distribution of a given soil can be measured using sieves to
separate the grains into different size classes. Gradation of particle sizes can be
determined this way only for fractions larger than about 0.05mm. To measure
smaller particle sizes (silt and cla?'), other methods can be used that involve
separation in water. These require laboratory equipment not normally available
at project sites.

The different components of a soil sample can be separated by following the
instructions in the box. This method gives a rough estimate of the proportions
of sand to finer soil particles.
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Field assessment of soil texture, including the finer particles, involves the
following method. It relies mainly on the feel of the soil and the observer's
experience.

o Sand: loose individual %rains can be seen or felt. It forms a cast if squeezed
when moist, but crumbles when touched.

o Sandy loam: mainly sand, but contains enough silt and clay to make it
somewhat cohesive. If squeezed when dry it forms a cast that readily falls
apart. If squeezed when moist, the cast will bear careful handling.

o Loam: a relatively even mixture of sand, silt, and clay. It feels slightl
gritty, but is smooth and somewhat plastic. Squeezing when moist will
produce a cast that can be handled quite freely.

o Silt loam: when dry it appears cloddy, with lumps that can be broken
easily. When pulverized it feels soft and floury like dry cement. It cannot
be squeezed between thumb and finger to make "worms".

o Clay loam: it breaks into clods or lumps that turn hard when dry. It can be
rolled into "worms" when moist. If suspended the "worms" will barely
keep from breaking apart under their own weight. Clay loam tends to turn
into a compact mass when kneaded.

o Clay: it forms very hard lumps when dry. When clay is wet it is plastic and
sticky. It can be made into "worms" easily.

Common Soil Problems

Two common and troublesome soil characteristics, salinity and laterite, create
particularly difficult conditions for reforestation. They are also problems that
are frequently overlooked during site assessment because they are not always
easy to recognize or diagnose in the field. If problems with salinity or laterite
are suspected, additional soil sampling and laboratory analysis may be called

for. For more information on these subjects, refer to the bibliography in
Appendix D.

Soil Salinity

The soil properties that influence salinity are related to soil chemistry and
mineralogy, soil-water movement, and soil pH. Saline soils occur frequently in
arid zones, especially in depressions and basins where evaporation or
evapotranspiration is high. The normal downward movement of water tends to
wash or leach the upper soil layers, flushing salts out of the soil. In areas
where evaporation is much higher than rainfall, moisture in the upper soil
layers is rted upwards. ’l%w result of moisture rising to the surface is the
appearance of sodium salt crystals, which can cover an entire valley bottom.
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These "white alkali" soils are often, but not necessarily, found where intensive
1irrigation has been practiced.

"Black alkali" soils are formed when rains dissolve sodium and potassium
carbonates, dispersing the organic matter that colors the soil brown or black.
Sodium carbonate can also break down the structure of inorganic clay particles,
forming a gel that becomes impervious and hard when dry. This impervious

layer reduces infiltration of water through the soil, so that leaching cannot take

place. Calcium shox:id be added to the soil to counteract the effect of the
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sodium.

High concentrations of salts in the soil are toxic to most plants. A few species

are tolerant of soil salinity to some extent. The concentration of salt in soil or

water may be expressed or measured generally in one of three ways:

o milliequivalent per liter (me/l)
o parts per million (PPM)
o electnical conductivity (ECw ) in millimhos per cm (mmho/cm)

A direct relationship between these values exists. Of the three measures, onlfr
conductivity can be readily measured in the field. It is the inverse (reciprocal)
of electrical resistivity.

A second phenomenon greatly affects site conditions where salt problems
occur. Even in soils where salt levels are relatively low (below 4 mmho/cm),
strong concentrations of sodium salts can be a significant obstacle to
reforestation efforts. This soil property is expressed In terms of the soil's
Exchangeable Sodium Percentage (ESP). If the ESP value is above 15,
reforestation efforts are likely to fail unless precautions are taken. Salt tolerant

ies must be selected and other site conditions must be favorable. Often on
sites with high ESPs, pH values will also be high (around 8.5). This should be
recognized as an indication of problems to come.

Frequently the soils at a proposed project site have not been analyzed to the
extent that either pH, conductivity, or ESP are known. Reports from other
projects on soils and soil resources of the region or country may provide some
information. Local farmers should also be questioned about the productivity of
local soils and site indicator plants.

Site Analysis

The obvious problem is to know what to ask and what to look for to avoid
unsuitable sites. In terms of salinity problems in general, the following are
specific situations that indicate potential trouble. Such sites require more

orough analysis, and it may be necessary to request assistance from a
qualified soil scientist.

o White alkali saline soils typically have high conductivity (over 4 mmho/
cm), an ESP below 15, and a pH of 8.5 or above. Heavy leaching through
over-urgation can make them more productive.




45

o Saline-alkali soils (over 4 mmho/cm, ESP above 15, and pH around 8.5)
can also be made more productive through leaching. Nevertheless, the
calcium concentration of the soil must be increased to prevent dispersion of
soil particles and reduction of permeability so that leaching can take place.
Obtain additional advice before planting on these sites.

o Alkali "sodic"soils and "black alkali" soils show relatively low conductivity
(below 4 mmho/cm), but ESP is over 15, and pH values are in the range of
8.5 to 10. Again calcium must be added for leaching to take place. Obtain
additional advice before planting on these sites.

o For sites with ECw values of 6 mmho/cm, species must be selected with
caution. At high levels of conductivity, fruit tree species such as citrus,
plum, prune, and avocado are at their productive limits, even under
otherwise favorable conditions.

Salinity Problems in the Nursery

The conductivity of water on irriﬁated sites should not be higher than
4mmbho/cm, especially if species such as Azadirachta indica are to be planted.

For all but the most salt tolerant species, problems with irrigation water will
begin in the range of 2 mmho/cm. At higher ECw values, a sandy mix in
seedling containers and deliberate overwatering will still give reasonable results
in the nursery, although at a higher cost. The germination medium must be well
drained and regularly leached. In village nurseries in Senegal, well water with
a conductivity of about 3 mmho/cm proved to be too saline for reliable

seedling production, in spite of cautionary measures that were taken.

Laterite Soils

Laterite and lateritic soils in dryland Africa tgose special problems for forestry
and soil conservation in many areas. Often they restrict vegetation growth and
limit the choice of species that can be used in reforestation efforts. As
underlying parent material to soils that are often shallow and easily eroded,
they can dominate the landscape where extensive formations occur.

The term laterite can be confusing because it is used for both:

o the ongoing process of soil formation that takes place in semi-arid climates
where temperatures are quite high, and

o geologic rock formations that develoged millions of years ago; for
example, aluminum oxide, which is mined as bauxite.

Laterite and soils in the (Process of laterization can be described as zones rich in
sesquioxides (Al»03 and Fe;03) that, when cut into bricks, become hard as they

dry. This naturally occurring process of secondary cementation is used in
making adobe blocks for construction materials.
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Soils with these kinds of properties pose special challenges as a medium in
which to grow trees and shrubs. Lateritic soils are deficient in basic plant
nutrients, because typically most of the soluble iron, magnesium, sodium,
Kotash, phosphorus, and nitrogen have been leached out of the surface

orizons. In addition, these soils become extremely hard and impenetrable to
plant roots during the dry part of the year. When rains fall, most of the water
either runs off or evaporates at the surface. What moisture does infiltrate will
contribute to further leaching of plant nutrients.

Certain vegetation types are productive on lateritic soils in spite of these
drawbacks. These woodland and pasture resources can be utilized and
developed as long as harvesting and access to grazing are limited to sustainable
levels. Once trees or shrubs are removed, however, these soils will rapidly
lose their ability to support plant life. The soil building and restoration process
has to be tediously re-established, with substantially decreased productivity.

Physical site improvement is necessary for degraded lateritic soils, even to the
extent of micro-site improvements for individual trees. Surface treatment is
required to increase infiltration and water retention where runoff occurs even if
slopes are minimal. Deep pits or trenches can be dug to loosen up the soil
layers so that water can penetrate and roots have room to develop. Soil
surfaces must be kept loose around young trees and as much organic matter as
et,)ssible must be provided in the form of leaf litter and other plant residues.

it}l‘\ careful ground preparation and maintenance, revegetation is possible on
such sites.

In many areas throughout arid Africa, the sites that have been designated as
communal lands for grazing and wood-cutting are typically those on which
lateritic soils are encountered. These over-exploited, fragile sites form large
areas of "useless brush,” which nevertheless still constitute the major source of
fuelwood for many rural communities. Many foresters in arid Africa have
traditionally foregone natural forest management in favor of plantations and
woodlots. Recent attention, however, has focused on the potential for
silvicultural alternatives to the use of fast-growing, exotic species.
Management of the existing vegetation of communal woedlands may be the
best alternative on lateritic soils.

Experience has shown that many of the exotic species introduced for fuelwood
production are totally out of their element under these harsh, demanding
conditions. Naturally occurring species, on the other hand, have a remarkable
potential for natural regeneration, provided that basic conservation techniques
are adhered to. Some indigenous species have also shown much faster growth
than traditional forestry lore would predict.

Of particular interest along these lines is the recent experience in the Sahel in
the restoration and management of the shrub savanna, where local species of
Combretaceae and Acacia make up the dominant vegetation. In the Bandia
Forest in Senegal, management of existing stands of Acacia seyal may have
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more potential for biomass production on lateritic_sites than fuelwood
lantations using Eucalyptus camaldulensis. In the Guesselbodi Forest in
iger, research into the management of natural stands of Combretum

nigricans, C. micranthum, and Guiera senegalensis is also underway.

On sites where existing vegetation and soil resources are not severely depleted,
natural forest management is not only preferable from a conservation point of
view, but is also more cost effective than artificial reforestation projects.
Silvicultural techniques that can be used in natural forest refeneration include
promotion of stump and shoot sprouting, enrichment plantings, and soil
preparation to increase natural seeding and germination.




5 SITE/SPECIES SELECTION

Site Selection

For the Elpe of reforestation effort with which this manual is mainly
concemed, it is usually necessary for the planner to think in terms of at least
two locations: a site for the nursery (the place where young trees will be seeded
and grown until they are large enough to have a good chance for continued
growth in another place), and the location where the trees will finally be
planted. This planting site may be known from the beginning, because, as a
site in need of reforestation, it may have been the key element in determining
the scope of the prcf>ject. Planting sites may, however, be chosen at a later stage
in the planning, after an analysis of land vse and resource needs has been
completed.

Nursery Site

The nature and scope of the project determines the type and size nursen?' that is
necessary. State operated nurseries are usually permanent and are established at
a centralized location within the region they serve. These nurseries produce
trees on an ongoing basis for a variety of needs, such as forest é)lantings,
shade trees, woodlots, or soil conservation projects. Such centralized nursenes
are frequently maintained by government funds.

Temporary nurseries are used when seedlings are needed only for a project that
will be completed within a relatively short time. These nurseries are set up near
the planting site to minimize transportation costs. They may be maintained for
several years or for only one planting season.

Small permanent nurseries that are locally owned and managed may be
feasible. These nurseries can be operated by individuals, families,
cooperatives, [Kl?:xth or women's groups, or as a community effort. They may
be located within family compounds, in community garden areas, or wherever
an adequate water source is available. The seedlings can be used for
agroforestry efforts on private land holdings and for village reforestation
projects, or they can be sold to raise money for other purposes. Fruit tree
nurseries are particularly popular at the village level.
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The best sites are those that are close to 1) a dependable source of water, 2) a
road that is passable for heavy trucks during ihe rains, and 3) the nursery
supervisor's or workers' living quarters.

If plastic pots or other containers lF(‘plzmt leaves, cardboard boxes, clay jars) are
used, finding a good site is not difficult. Pots can be filled with soil brought in
from elsewhere, and they can be stacked and tended in areas where nothing
else will grow. If seeds are to be planted directly into the ground at the nursery
site, that 1s, if the stock is to be open-rooted, the nursery soil must be rich,
deep, and well drained. The best soil has a loamy texture and a loose crumbly
structure.

A slight slope will help surface water drain away, and protection from
prevailing winds is also desirable. Often a large shade tree in one comer of the
nursery is useful to protect very young seedlings from extreme sunlight. It is a
good idea as well to find out whether the land next to the nursery site would be
suitable and avaiiabie if the nursery had to expand.

The main factors to be considered when deciding upon a nursery site are:

o availability of water year round
o protection from prevailing winds
0 access to the planting site

Planting Site

The choice of a planting site is a complex decision. In selecting a site, it is
essential that issues of ownership, tenure, risks and benefits be discussed in
advance so that the expectations of government officials and local project
participants are mutually understood. %)fficials and community members must
meet to consider the following points when choosing a site:

o Who owns the land? Who has the water rights, if anyone? Who will own
the trees once they are planted? Who uses the land currently or has used it
in the past? What are their claims to it now?

o Who will be responsible for planting and maintaining the trees? Who will
be allowed to harvest various products? If products are to be marketed,
who will sell them and who will receive the proceeds from the sale?

o Will permits or taxes be required by government agencies? Are there any
resource use or management regulations that must be followed on this site?

o How will grazing and other land uses be controlled on the site? Who will
be responsible for enforcing the controls?

If protection of the land is the main goal, sites are selected to give the best
possible conservation results. If production is the primary objective, issues
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such as transgortation and marketing become important. The site in turn
determines which species and plantmf methods will be most successful.
Forestry and conservation efforts are often undertaken to protect productive
farmland against the adverse effects of flood and erosion damage. Frequently it
is the area above the fields that requires treatment. In any drainage basin it is
important to protect the upper portions of the slopes and hills.

Once a site has been decided upon, an agreement should be drawn up between
the various parties involved. This should outline project goals, responsibilities,
and a management plan for the site. The agreement is necessary to protect the
participants, to ensure that everyone's expectations have been met, and to
prevent future misunderstandings.

Species Selection

Foresters who are manﬁfing projects must analyze both tree species and sites

before matching particular species tﬁiven sites. To do this successfully it is

necessary to consider 1) environmental constraints, 2) gurposes of the project,

3) human factors, and 4) legal constraints. For an additional discussion of

species selection for agroforestry projects, see Chapter 8, Agroforestry and
oil Conservation.

Environmental Constraints

Performance of trees and shrubs is limited by the amount of moisture available
to the plants, as well as certain other factors. Over time, different species have
evolved that can exist where moisture is relatively scarce. Adaptations to arid
site conditions can take on many forms. Some species develop roots that grow
extremely fast or that spread out far beyond the radius of the trees’ crowns.
Others are able to store moisture and use it during the dry season. Some reduce
their needs for moisture during the dry season by dropping their leaves or by
closing them during the hottest part of the day to reduce transpiration. During
an extreme drought many s%ecies have an unusual die-back/recovery capability:
portions growing above the ground die back completely, but new shoots
emerge from the root-stock when soil moisture conditions are again favorable.

The important question here, then, is which species can survive and grow well
given the soil, water, and climatic characteristics of the site. To determine
environmental constraints, foresters study climatic records for given areas.

Climate

In dry areas of Africa, the single most limiting climatic factor is rainfall. Before
the project can be started, managers must find answers to a number of
questions. How much rain falls during the rainy season (the period when
young trees are planted)? How is the rainfall distributed during the rain
season? If the timing of the rains is wrong--for examﬂe, if the total rainfall

oc_curg within two days instead of over several weeks--the project can be
ruined.
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There are

o How hard does the rain fall? Gentle, spread-out rains are more likely to
soak into the soil than heavy, torrential rains.

o What is the temperature? If temperatures are very high, the moisture

evaporates much more quickly.
o When do the rainy seasons occur?

As noted earlier, some areas have two rainy seasons; others have only one, in
the hot summer months. Still others have one rainy season in the cooler winter

months. A tree asii)ecies that grows well in a region where the rain falls during
y

the winter usu does not adapt well to an area where it rains during the
warmer weather--even though the amount of the rainfall is the same.

The single most useful rainfall measurement is the mean annual precipitation,
measured in millimeters (mm) per year. In the tropics, however, annual rainfall
tends to vary greatly, so it is neces to consider the variation from year to
year in determining the figures upon which to base a choice of species.

It is a good idea to make a list of tree species and the water needs of each in
any area in which forestry projects are being implemented. If two species look
good, but one requires less water and the project area is one where the supply
of water is uncertain, choose the one requiring less water. The list on the
following page was prepared for three rainfall zones in Africa.

Drought

No one can accurately predict when a drought will occur, but foresters should
make use of previous records in drought prone areas to determine the
suitability of a species for a given site. Unfortunately, the drier the area, the
less reliable the average rainfall figures usually are, and the greater the range of
averases will be. Furthermore, there are many areas where accurate rainfall
records do not exist, and it is necessary for project managers to use very
general information such as that presented on the maps in Appendix C, and
upon the basis of information from local residents.

Project results also indicate that in a dry climate, local species will grow more
slowly, but may survive better than exotics--species brought in from other
areas or countries. Obviously, under arid condgtions, plant growth is not as
vigorous as it is if more moisture is available. Since native plant species in arid
zones have adapted to withstand prolonged drought, it is natural that they have
different, often slower, growth characteristics than plants that evolved in more
humid climates.
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Common African and Introduced Tree Species
by Water Requirement

Dry Sites--200 to 500mm Mean Annual Precipitation

Acacia albida Conocarpus lancifolius
Acacia radiana Dobera glabra
Acacia senegal Euphorbia balsamifera
Annona senegalensis Maerva crassifolia
Balanites aegyptiaca Parkinsonia aculeata
Boscia salicifolia Prosopis juliflora
Commiphora africana Ziziphus spp.

Medium Sites--500 to 900mm
Adansonia digitata Ficus sycomorus
Anacardium occidentale Haxoxylon persicum
Azadirachta indica Parkia biglobosa
Bauhinia spp. Salvadora persica
Cassia siamea Sclerocarya birrea
Combretum spp. Tamarix articulata
Eucalyptus camaldulensis Terminalia spp.

Moist Sites--900 to 1200mm
Albizia lebbeck Cordia abyssinica
Anoegeissus leiocarpus Dalbergia melanoxylon
Borassus aethiopum Erythrina abyssinica
Butyrospermum parkii Markhamia spp.
Casuarina equisetifolia Tamarindus indica

On the other hand, species introduced from more favorable climatic zones may
undergo severe stress when things get dry. They are often less able to survive
than those species that occur naturally on dry sites. Even if these exotics are
able to survive drought conditions, they may not grow normally or rapidly. In
fact, their Frowth may be slower than the indigenous vegetation. This is the

main problem in trying to introduce species from other areas into marginal
sites.

In parts of Africa where the mean annual rainfall is less than 1,000mm,
therefore, it is recommended that rapidly growing species such as Eucalyptus
camaldulensis or Leucaena leucocephala, which originally came from other
continents, be compared with other possibly more suitable species. If these
species are used in low rainfall regions, they should be planted where the

water table is near the surface, so that trees will have access to sufficient
water.

Soil

Trees and shrubs need soils that have a high capacity for holding moisture,
and a texture consisting of a blend of coarse and fine particles. They also
should have a fair amount of organic matter that is renewed annually. Soil sur-
faces should be protected from strong, constant winds and they should not be
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compacted. Preferab%they should also be free draining, although this benefits
some species more than others. Soil characteristics and their influence on
species selection were discussed in the dvaeceding chapter. Among the sBecific
points to be considered are: What kind of texture does the soil have? Does it
retain water well? How deep is the so0il? Are there any potential problems with
pH or salinity?

The presence of "indicator glants" on a site can provide clues as to the soil
that one can expect to find. Calatropis procera , for example, is often found on
defraded soils where the nutrient pool has been depleted through intense
cultivation. Close observation of the tree and shrub cover in specific
landscapes will lead to a first feel for the type of soils that different species
refer. It is evident that Mitrangina inermis, Anogeissus leiocarpus, or
orassus aethiopum prefer low lying areas where soils contain a relatively
large proportion of fine particles. &Ihat is already Frowin on the site can be
the best clue as to which species will be compatible. On deforested sites, the
most ecologically sound solution may be to restock the area with the original
natural vegetation.

Other Environmental Factors ‘ _
In addition to climate, soil, and water there are other factors in the environment
that affect the choice of species:

o Elevation - some species will thrive only above or below a certain altitude.

o Slope - some species are especially useful for erosion control on steep
slopes and unstable soils because they have lateral root systems (Acacias,
Balanites aegyptiaca, Anacardium occidentale).

o Topography - rough, broken terrain may have a great deal of variation in
micro-site conditions. Species that can tolerate a wide range of site
conditions are needed.

o Fire history of the area - are there frequent or few fires? Some trees are
more fire-resistent than others.

o Pests - some trees are more affected by certain pests than others. A planting
site that has several kinds of trees is less likely to be destroyed by insects or
disease, because a pest that attacks one species of tree may not be attracted
to another species.

0 Animals - do the livestock in the area prefer the leaves and bark of certain
trees more than those of the other species being considered?

Project Purpose
While considering the species in terms of environmental constraints, it is

necessary to keep in mind the purpose or objective of the project. What is the
objective of the reforestation (or revegetation) effort? Is the project aim to
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conserve resources, as in a sand stabilization program for an eroded area? Or
does it seek to increase production of certain forest products, such as fuelwood
or poles for construction?

Certain species can be used for one purpose and not the other, but some
species can be used to fill a number of requirements. To meet several
objectives, a plantation may also include more than one species. An example of
a multiple-use species, Anacardium occidentale, is very valuable for soil
reclamation anc:J)rotection. It also produces fruits and nuts (cashews) that can
be used for local consumption or as a cash crop. In addition, it can provide
fuelwood, tanins, dyes, and medicines from different parts of the plant. The
tree can tolerate a wide range of soil type, elevation, and rainfall variations.

Eucalyptus camaldulensis is a more limited species. Introduced to Africa for
use in woodlots and large-scale plantations, it grows ragidly if conditions are
favorable. It can produce large quantities of wood for fuel and construction in a
short period of time. It is not particularly useful for soil conservation,
however, because it produces little leaf litter, and there is evidence that it
actually inhibits the establishment of other vegetation. The soil beneath a stand
of E. camaldulensis is sometimes bare and thus is more susceptible to surface
runoff and soil erosion, It also is not suited for use in intercropping or
windbreaks and is fairly demanding in terms of site conditions.

In selecting species, therefore, it is important to weigh the produc-
tion/conservation trade-offs, and determine priorities based on the fpro{ect's
purpose. Project goals should be formulated with consideration for local
expectations and preferences.

Human Factors

The key is to discover what the residents of an area would like the project to
do, am{ what is attractive to them. For example, if Acacia albida is highly
thought of locally and can be grown on the site (i.e., it meets the environmental
constraints), and it serves the project's purposes well, then it is a good choice
of species: everyone takes better care of something that is highly valued. It is
also important to investigate local preferences or prejudices towards certain
species. The two species mentioned above, A. occidentale and E. cam-
aldulensis, serve as examples to illustrate this point as well.

In 1pans of Senegal, the cashew tree is regarded with superstition because it is
believed to attract ghosts (Hoskins, 1979). In other countries the cashew apple
is thought to be poisonous if eaten with dairy products. In some areas where
the trees have been planted, the cashews are not even harvested, because an oil
in the nutshell causes skin irritations. In these cases the many beneficial
characteristics of the tree may be outweighed by the negative perceptions of it.

The other example, Eucalyptus, has been widely promoted as a fuelwood
species. But it tends to be smoky and it has a characteristic "cough drop™ odor
imparted by resins in the wood that are released when burned. In some areas
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people have develolped a taste for Eucalyptus and prefer it to other woods; but
$e otherkareas. ple object to the flavor the smoke gives to food--as well as to
smoke itself.

Legal Constraints

As mentioned earlier, many countries protect and regulate the use of natural
resources and of certain tree species. In some cases, traditional laws give a
specific tree special status. In West Africa, for example, Acacia albida was
protected by local customs even before the national government protected it for
ecological reasons.

It is impossible to give universally applicable information in this manual on
such restrictions. Such information 1s readily available on a local basis,
however, and foresters familiar with an arsa will know the restrictions that are
enforced. Appendix B, which provides details for some of the common trees
of arid lands in Africa, does note when a species has certain legal status.

A number of tree species of sub-Saharan Africa have been regulated by law
(see box). This list can be referred to in considering the final choice of
species. Species that are already protected by law may be more a%ropriate for

a conservation &mjcct than species with no such restrictions. On the other
hand, a species that requires special permits for use may be less desirable for a
production oriented project.

Tree Species Regulated By Law in Africa

Use, cutting, and removal limited by law in at least one country:

Acacia albida Hyphaene thebaica
Acacia scorpiodes Khaya senegalensis
Acacia senegal Parinari macrophylla
Adansonia digitata Parkia biglobosa (Benth.)
Balanites aegyptiaca Pterocarpus erinaceus
Bombax costatum Sclerocarya birrea
Borassus aethiopum Tamarindus indica
Butyrospermum parkii

Classified as "Specially Useful” in at least one country:

Acacia macrostachya Landolphia heudelotti
Acacia scorpioides Lannea microcarpa
Adansonia digitata Prosopis africana
Anogeissus leiocarpus Pseudocedrela kotschyi
Balanites aegyptiaca Prterocarpus erinaceus
Boswellia dalzielli Pterocarpus lucens
Ceiba pentandra Saba senegalensis
Dalbergia melanoxylon Sterculia setigera
Detarium senegalense Teclea sudanica

Elaeis guineensis Vitex cuneata

Guiera senegalensis Ziziphus mauritiaca




6 NURSERY MANAGEMENT

Nursery Design and Layout

Sound nursery management begins with the design of the facility. Particularly
in larger nurseries, a well thought out design is necessary to allow for rational
traffic patterns and adequate work space.

A good way to begin planning the nursery design is to prepare a detailed sketch
of its layout. Show the size and location of the beds and water storage
facilities. Plan for irrigation during dry seasons and drainage during the rains.
Allow room for walkways, driveways, and turnaround s;l)%ce as needed. Leave
enough space for stora%;ee rooms and tool space. The storage area or
construction shed should be large enough to provide shelter for the crew in

times of intense heat and driving rain. Space is needed for research plots,
germinating beds, compost bins, and safety or fire prevention strips (especially
along the fences).The layout must also consider the special needs of open-
rooted and potted seedlings.

Nuvesery LAYouT
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Open-Rooted or Potted Seedlings

Some species cannot be moved easily or transplanted safely from a nursery to a
planting site unless they are grown and transported in pots; other species
cannot grow well in pots. While the open-rooted stock method is cheaper to
use, some species require the use of pots. If, however, a species will grow
either in pots or as open-rooted stock, each method has advantages and

disadvantages that should be considered.

In Africa, most of the Azadirachta indica (neem)
trees are raised by the open-rooted method, and it is
also used for Cassia siamea, Khaya senegalensis,
Sclerocarya birrea, and some species of Prosopis.

Open-rooted Stock
e advantages of open-rooted stock are:

o There is less weight to transport from the nursery to the permanent
site--pots are heavy.

o It takes less time to transplant open-rooted stock.
o Less care of open-rooted seedlings is required in the nursery.

o Seedlings are usually larger and so require less protection after
transplanting.

The disadvantages of this method are:
o Open-rooted seedlings need more space.
o They need more time in the nursery.
o The nursery location must have good soil conditions.
o Roots are exposed to air when the plants are lifted out of the nursery soil

and again when they are planted at the permanent site. This can damage
the plants.
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Potted Stock

The most commonly used containers in Africa are usually referred to as plastic
pots, even though they are actually plastic bags. They are also sometimes
called sleeves or tubes. Other types of containers may be used, and if they are
made from locally available materials, they may be more affordable.

The advantages of using containers are:
o Good soil is not required at the nursery site.

o Seedlings can be placed closer together than in the open rooted method.

o The time in the nursery is shorter, and although pots require expense at
the begi. .ing, the shorter nursery time cuts down on other expenses.

o The pots can be easily moved to the permanent site well before
outplanting starts, just as long as watering continues.

o Root growth is contained in a package that is easy to transport, and
there is little or no exposure of hair roots to the air during transporting
and transplanting.

o On difficult sites, potted plants may have better survival rates than open-
rooted seedlings.

o Soil diseases may not spread as rapidly to potted seedlings as in open-

rooted beds.
The disadvantages of using containers are:

o The seedlings require root pruning while in nursery pots.

o Pots cannot be piled up for transport.

o They are heavier and more difficult to transport.

o Pots must usually be purchased, which may or may not be a problem
(depending upon time saved in the nursery or on the expense of making

certain soils ready for open-rooted planting).

o Seedlings are normally smaller at the time of transplanting and require
extra protection from grazing livestock until they are larger.

If pots are needed, they should be ordered well ahead of time. Only one size
plastic pot is necessary for most species, which makes ordering easier. The
plastic should not be too flimsy or the pots will collapse; a plastic that is 4 to 8
mils thick should be strong enough. Usually the pot is a standard 8cm (3 in.)
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diameter by 30cm (9 in.) de%h. Larger pots are needed for some species,
particularly fruit trees, such as Mangifera indica (mango) and Citrus spp.

Some experiments have been done with much smaller seedling containers
(2.5cm diameter by 5 to 30cm depth) in the United States and the Caribbean.
These are made of styrofoam, cardboard, or plastic, and are much easier to
transport than the larger pots. It is not clear, however, if they are appropriate
for use on dry sites, and they are likely to be considerably more expensive than
the widely used plastic sleeves.

Planning Nursery Beds

The amount of land needed for beds (the land within the nursery where the
seeds will be sown) will depend on whether the seedlings will be grown in
bots or will be open-rooied. If the open-rooted stock method is being used,

gure that each group of 1,000 trees needs about 10 square meters. The same
number of potted seedlings needs only about seven square meters. Add at least
20 percent to the figure calculated for the nursery beds. The 20 percent will be
for additional s&ace for roads, work areas, construction sheds, etc. Walkways
between the beds must be wide enough to permit foot and wheelbarrow traffic,
a minimum of 60cm (24 in.).

If at all possible, plan the beds so that their longer dimension is placed in an
east-west direction and their narrower side faces north-south. Orienting the
beds in this way gives trees on the inside the same exposure to the sun as those
in the outside rows. Beds should not be wider than 1m so that weeding in the
center can be done easily. A bed that is 1m wide and approximately 6 to 7m
long can hold about 1,000 plastic pots in 12 rows of 83 pots.
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?/./L NUPvBERY RBEDS

For open-rooted stock, standard sized beds contain five rows of trees and are
approximately one meter wide. The length of the beds varies from 5 to 20
meters, dependinﬁ gartlxlon handling needs and the amount of labor and
transportation available. Always allow room for extra beds.

Beds are usually either sunken or raised, depending on species and site
conditions. Sunken beds retain moisture much in the same way that micro-
catchments work, and thus are used where water availability is limited. Raised
beds are prepared for open-rooted stock using the double-digging method.
They provide seedlings with a well-drained and aerated rooting zone for
optimal growth.
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Other Nursery Design Considerations

Access

Long distances for hand carri/;e g can be avoided by planning driveways in the
layout. A small truck should be able to drive into the center of any nursery that
holds 10,000 seedlings or more. It is even more useful if the nursery has a
central access road that runs the full length of the nursery, with a turnaround or
drive-through facility at the far end.

Research

Small research plots can be placed in a comer of the nursery. The location of
these beds should be planned so that they do not interfere with the regular
nursery efforts. Expenimental plantations are also often located on a parcel
adjacent to the nursery, for easy observation and to serve ¢3 a demonstration of
new techniques for visitors to the nursery.

Shade

Young trees usually need some shade during their first weeks, especially when
they have just been tran(srlanted from a germination box into pots, or during
the worst weeks of hot, dry weather. Shade can be used as a technique to cut
down loss of plant moisture through transpiration if it is difficult to provide
adequate water year round in the nursery through irrigation.

Too much shade, however, will cause seedlings to be spindly and weak. They
should be protected from the sun only when necessary. Some seedlings are
raised in full sunlight from the time they germinate. Usually shading is onli'l
necessary for a short time. Most species adapt themselves early and quite we
to full sunlight.
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If a large shade tree is available in the nursery, seedlings in plastic pots can be
started underneath it and later moved into partial or full sunlight. If there are no
shade trees in the nursery or for open-rooted plants, another possiblility is to
rig straw or reed mats over some of the beds. The advantage of this method is

that the screens can be adjusted to regulate the amount of sunlight at different
times of the day.

SHADE
SCREPNBD LoNSTANTLY

EXSOSE TO NORE TIRECT

S MS TREBS GET OLTBR

oMCH E WIilL cAVSE

mmm BE SPmoLY

ANP GEOW WEALR STEMS,
T oM WHEN

PRONEN NECESSARY

renES MBEE GeT
SAPOED AS T wELl-l

Gradually move the seedlings into the full sunlight: this will help prepare them
to survive full exposure to the sun at the planting site. Seedlings should,
however, be shaded when they have just been lifted out of the nursery, while
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they are being transported, and during any delays prior to transplanting, to
relieve the stress of moisture loss during the transplanting process.

Ground and Soil Preparation
Clearing the Site

The first step in pgle;garing the nursery is to remove all but a few trees that may
be there already. These trees are kept for shading young seedlings until they
can stand full sunlight. Aside from these shade trees, old trees and quantities of
young trees simply do not mix: the competition for light and water damages
young trees. If it seems wrong to cut trees down, it is sometimes possible to
move them elsewhere. All remaining roots, stumps, and other vegetation
should be removed from the area.

Providing for Nutrients

If open-rooted stock is beit(;ﬁnraised, ideally the soil should be fertilized to add
nutrients. Open-rooted see is draw large amounts of nutrients from the soil
and special fertilizing efforts should be made, particularly when preparing the
beds for a new crop. Nitrogen, potassium and phosphorus are nutrients of
particular importance. Plants can take u%these nutrients from organic compost,
animal manure, and green manures, which also can help build or keep good
soil structure. Commercially produced fertilizers are often needed to supply
sufficient phosphorus. In many areas, however, these chemical fertilizers are
not available, or are too expensive to purchase.

Beds for Open-Rooted Seedlings

Beds for open-rooted seedlings can be either raised or sunken. In either case
the subsoil must be broken up and loosened to allow drainage and root
development, and com%%sted organic matter should be thoroughly mixed into
the soil. There should be no large clumps of soil or organic matter. Sunken
beds are usually about 15cm deep, although the sides of the beds may be built
up above the surface. Their purpose is to retain additional moisture in areas
where extreme aridity is a problem. In more humid zones sunken beds may
retain too much water, causing stagnation and fungus problems.

Raised beds are prepared using the double-digging method (see box). This
technique involves loosening the subsoil, turning the topsoil, and addin
compost in a way that avoids compacting the soil and increases porosity for air
and water infiltration and root development. Raised beds can be framed with
side supports, such as bricks or boards, to keep the edges from eroding. Often
these materials are scarce or too expensive, however, and the beds are simply
maintained regularly.
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Preparing Raised Beds
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Procedures for Potted Seedlings

Potting Mixture

The potting mix should be loose and light to encourage good root development,
but not so much so that the root ball crumbles when handled. Good results
have been achieved by mixing plain sand with sieved cattle manure at a ratio of
1:1. It may also be desirable to include some clay in the mixture so that the root
ball holds together well during transplanting, Old termite mounds are often a
good source of clay. Other ingredients that may be included in the potting mix
are charcoal dust, compost, insecticides or fungicides, and chemical fertilizers.

Clay and organic matter should always be sieved to get rid of any large
clumps. Sand, on the other hand, normally does not need sifting unless it
contains a lot of debris. A large screen can be constructed using a heavv wi=
mesh (1-cm openings) with a wooden frame for support. This is propped up at
an angle, and the potting mixture is shoveled through it. Any clumps that are
too big to pass through the screen can be dried and pounded to break them up.

Heap the mixture in sizable piles in the nursery work area
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Filling Pots

Once the ingredients have been thorou§h1y combined the pots are filled. Itis
important to teach nursery workers to fill the pots properly in order to ensure

ef! 1cien0ﬁ as well as good quality seedlings. The folfomyng pages illustrate
how to fill and sink pots for the best results.

Fill the pots using a metal Scoop the mix into the funnel.
or plastic funnel just large The soil is lightly packed as
enough to fit the top of the pot is being filled by tapping
the pot. the pot on the ground with

the funnel held in place.

Fill the pots full. Watering
will cause the mixtuwre to
settle to about 112cm below
the top of the pot.
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Sinking Pots

As some workers fill the pots, others set them in neat lines and rows. Although
lining the pots up perfectly is extra work, it greatly reduces the effort required
during the rest of the nursery operations. Seedlings planted in the outside row
of pots should be protected against sunbum and excessive heat. Sliﬁhtly
countersinking or burying the rows of tKots helps. Use the earth dug out from
this operation to build a wedge against the outside pots to protect them.
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It is very important that the beds be level and smooth. Stack the pots in straight
even rows so that they do not lean. Separating the pots into units of 100 or
1,000 makes it easy to keep track of how many seedlings are in the nursery.
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Determining Planting Dates

Survival chances of the young trees depend directly upon their size when they
are transplanted and upon planting them at exactly the right time of year.
Therefore, the timing of the seeding operation must be carefully planned.
Ideally, a tree should have as large a root system as possible before
transplanting--this increases its survival chances. But trees must also be

reasonably light and small so that transportation and transplanting can be done
more easily.

Location, soil, the amount of sunlight and water, and other factors can affect
the time needed in nursery beds. These differences make exact scheduling
difficult, but much good information is often available from local experience
and carefully kept records of other projects. For some species, it is important
that seedlings be past the early emergent stage to survive the extreme dry heat
and winds occurring in sub-Saharan Africa during dry season months. This
kind of information must be considered when deciding the seeding dates.

The planting schedule is set up so that the trees will be strong and well-

developed for transglnanting to their permanent sites immediately after the first
rains. To time the planting correctly, foresters determine how long each species
to be grown has to remain in the nursery. Then they calculate the dates for
seedinq by subtracting the estimated time in the nursel;y from the number of
weeks left before the predicted start of the rains. Thus it Acacia albida is to be

seeded in plastic pots (see chart on following page) and if the rains are due to
start kin tzl? weeks, it can be figured that the pots must be seeded in nine or ten

weeks, thus:

24 weeks left before rains
-14 weeks necessary in nursery
10 weeks= time for planting

The following chart lists some species commonly found in Africa and classifies
them according to the time needed in nursery beds with controlled irrigation
and shade. If these conditions are not well controlled, more time in the nursery
may have to be scheduled.
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PLASTIC POTS

6-10 Weeks 10-14 wks.  14-18 wks. 18-24 wks.
Parkinsonia aculeata  Acacia albida Acacia nilotica Balanites aegyptiaca
Acaciaradiana  Acacia senegal Butyrospermum parkii
Anacardium occidentale  Casuarina equisetifolia
Azadirachta indica Eucalyptus spp. (2)
Eucalyptus spp. (1) Parkia biglobosa
Prosopis spp. Tamarindus indica
Tamarix spp.(3)
Ziziphus spp.

OPEN-ROOTED STOCK

30-35 Wks. 35-40 wks.
Cassia siamea Azadirachta indica
Sclerocarya birrea Gmelina arborea

(1) Transplanted into pots

(2) Seeded directly into pots

(3) Propagated from cuttings

Seed Supply

Some seeds may have to be ordered, and this should be done early. Sometimes
seeds are purchased locally in the market, but it is difficult to guarantee good
genetic quality. The buyer has no control over the parent tree selection. Often it
1S necessary to gather seeds from trees in the area, and prepare them for use.
Seed tretl: selection and seed collection should be supervised by trained
personnel.

Seed Collection

The best seeds come from strong, healthy parent trees. Fully ripened fruits are
Biecked directly from the trces or collected at least daily as they fall. If fruits are

ing picked, long handled pruning shears can be used to reach higher
branches. Collection can be made more efficient by spreading large gieces of
cloth, mats, or tarpaulins under the trees to catch the seeds as they fall.
Whenever possible, seeds are collected as soon as they are ripe, otherwise
many of them may be eaten or damaged by birds, animals, or insects.
Damaged seeds are less likely to germinate. Seeds should be fresh and
reasonably dry, without being dried out.
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The timing of the rainy season also has an effect on flowering and fruiting of
trees. If the seeds are to be collected locally, information on when the seeds
will be ripe is needed to plan seeding <i;f>eranons. The fruits of many species in
Africa mature during the dry season. If the timing of the fruiting season does
not correspond with the planting schedule, seed must be collected in advance
and stored for use during the following year. The seed of such species as
Azadirachta indica cannot be stored for more than a few weeks, so collection
and seeding in the nursery must be planned to take place as soon as possible
after the seeds become ripe.

Appendix B has additional information on seed collection for certain species.
Another good source is Von Maydell's Arbres et Arbustes du Sahel .

Seed Tree Selection

Seed trees should not be selected at random or on the basis of proximity or
convenience to the seed collectors. The genetic quality of the parent tree is an
important consideration in seed collection because characteristics such as fast

rowth, tree fonn, and resistance to diseases and insects can be passed on

rom one generation to the next. It may be difficult to determine which parent
trees will produce supcrior offsprini, however, because environmental
variables can complicate the picture. A tree with high genetic potential, for
instance, may appear to have slow growth because it is growing on a poor site.

In selecting a seed tree, the project's purpose will also determine the
characteristics that are sought. Trees with straight, clear trunks are preferable
for production of poles for construction, but bushy trees and shrubs that
coppice easily are appropriate for firewood or live fencing. If foliage or food
production are the primary project goals, then the amount of leaf or fruit
production a specimen is capable of 1s more important than its form. In soil
conservation projects, the o‘sﬁfvity of a potential seed tree should be
considered as well as rapid growth.

These characteristics are usually difficult to measure when comparing
individual trees. Furthermore, the combination of traits that are sought can
rarely all be found in one specimen. Generally, several seed trees for each
species are selected. In selecting seed trees, look for places where site
conditions do not limit the the trees’ growth. Try to find a stand with several
individuals of the same species growing together and choose the healthiest,
most vigorous representative that typifies the characteristics that are being
selected. Seed trees should be marked so that they can be easily identified from
year to year.
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Extraction

Seeds must be removed from the fruits and pods that contain them, and there
are various ways to do this.

Fruit containing seed

Dry fruits can be pounded carefully in mortars or bowls or on clean, hard
surfaces to separate the fruit from the seed. Then the seeds are cleaned by hand
or tx' winnowing them through the air (mortar and wind separation). Most of
the Acacias and Cassia simea seeds can be extracted by this method.

The fruit of pulpy species, like Balanites aegyptiaca and Azadirachta indica,
must be soaked before the pulp can be removed and the seeds extracted and
dried. Some seeds, like Ziziphus spina-christi must be soaked to soften the
pulp, and onlv then can the remaining hard shell be cracked with a hammer to
remove the seeds.

Others, like Parkinsonia aculeata, can be easily shelled by hand.

Extracted Seed

Drying and Storing Seeds

The two most important factors in good seed storage are keeping the seeds dry
and keeping them cool. Wet seeds sggil and rot in storage, so they must be
dried in the air first. Then they can be stored in dry containers such as jars,
boxes, or bags. Care must be taken to keep the containers off floors and away
from walls. This practice helps keep insects and dampness away from the seed
containers.

Store the containers so that air can circulate around them. This helps keep the
seeds drier and cooler. Extreme heat can destroy the seed's ability to
germinate.
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Seeds should not be left to dry under a hot sun for the same reason. For
example, the viability of seeds like Eucalyptus spp. is destroyed at
temperatures above 40 degrees Celsius.

Seeds should be stored so that air can circulate around them

If at all possible, the seeds should be treated with a general pesticide to keep
weevils and worms away. The containers should be checked frequently for
damage to the seeds; the seeds should be turned over in their containers at that
time.

Each container of seeds should be labeled with the following information:

Species: Name
Collection: Date
Location
Name of Collector
Storage: Beginning date
treatment
Quantity: Number of seeds in
the container
Seeding

Prewatering and Weeding

The beds or pots should be watered daily beginning two weeks before sowing
the seeds. Regular and gradual prewatering in small amounts (rather than
adding a lot of water at the last moment) allows the water to mix evenly and
thoroughly with the soil. The top 20cm of soil should be moist. Water
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penetration of the soil can be checked by opening some of the pots to check the
moisture levels inside.

Prewatering will cause weed seeds alreagﬂiein the soil to germinate and become
visible before the tree seeds are planted. Then all the newly emerged weeds can
be removed before sowing, Weedinﬁ at this point saves time later and increases
the young trees' chances for survival.

Pretreatment of the Seeds

Most seeds must be treated in some way to give reliable germination results.
Some seed coats are impermeable to water and will not germinate without help.
Pretreating the seeds also causes them to germinate faster. This is important
because if some seeds do not Fexminate, the beds or pots can be reseeded
without too much loss of valuable time.

As a rule any seed that has a glossy, hard cover (for example, most of the
Acacias) must be treated before it is planted. Usually, treatment involves
soaking the seed (stratification) and/or scratching or nicking the hull
(scarification). Different species respond best to certain treatments or a
combination of treatments. Some seeds like Azadirachta indica do not need any
pretreatment once they have been extracted from the fruit. The following are
some examples of pretreatment methods:
Warm stratification process:

o Bring water to a boil in a suitable container.

o Remove from heat and let stand for five minutes.

0 Add the seeds and let them soak overnight.

o Plant the seeds next day.

Scarification methods:

o Use sand paper to scratch the hull (this can be time
consuming).

o Mix the sgeds in a container with wet coarse sand and shake
the container.

o Use fingemail clippers to crack or nick the seed coat, being
careful not to clip the seed germ.

0 Immerse the seeds in an acid bath for a few seconds (be
careful to store acid soiutions very securely).
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Sowing

Seeds are planted in either pots or open beds according to the steps in the
illustration below. This seeding method is used for most species.
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Planting seeds

One notable exception is Anacardium occidentale, which is planted upright
rather than flat. Excalyptus seeds are also an exception, because they are very
small )and must be planted and watered using special methods (see following
pages).

Seeds are spaced according to their predicted germination rates. In other
words, if germination results are expected to be high, fewer seeds are planted.
Generally one or two seeds are placed in a pot, dependinf upon the
germination rate. In open-rooted seedin%, extra seeds are planted. The
seedlings are thinned to the desired spacing later. String can be used to lay out
stgn:&ht lines in the open beds. Planting the seeds in straight lines makes
weeding and cultivating much easier.
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Seeding Eucalyptus

Eucalyptus seeds can be started in a separate germination box and later pricked
out and tranlﬂ)lanted into pots, or they can be seeded directly into pots, using
the method illustrated below.

SEEDING BEOCALYPTUS
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STEP 2
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e

SEEDS.

YoUu Wil Fino SEEDS
STICKING T© THE ROINT

If Eucalyptus seeds are ,own directly into pots, they should be watered using a
fine mist sprayer. Large droplets of water will wash the seeds to the edge of
the pot, and will break the stems of the newly emerged seedlings. If a mist
sprayer is got available, the Nobila method, illustrated on the following pages,
can be used.

Nobila Method
In the Nobila method, capillary action in a special sand germinating mix is used
to provide constant moisture around the seeds without having to use elaborate
spraying or watering arrangements. Normal watering methods cannot be used
because the seeds are so small that they would be washed away by large
droplets of water.
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Nobila Method for Germinating Seeds
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Transplanting Eucalyptus Seedlings into Pots

Eucalyptus seedlings started in germination boxes should be transplanted into
pots when they are about 25-50mm tall and have several leaves. In
transplanting the tiny seedlings, grasp them by their leaves and not by the stem,
because the stem is too fragile to be handled. Also make sure that they are
placed in the center of the pot and that there are no large air spaces around the
roots. Keep them in the shade after transplanting them into pots until they have
completely revived from the transplanting shock.
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Tending Seedlings in the Nursery

Mulch

If it is algossible. the seed beds should be mulched. Mulch is the term for
materials (for example, decayed leaves) laid on the seed bed to keep down soil
temperature, inhibit weed growth, lessen erosion damage, and help the topsoil
remain loose and crumbly. Some ideas for mulch materials include shredded
newspaper, plastic sheeting, straw, and bark. Rodent damage to young plants
can be reduced further by covering the mulch with small branches. One
problem that mulch might actually encourage is termites. If there are termites in
the area, the seedlings should be checked often for damage and insecticide
applied if necessary.

Watering

Watering is relaiively easy if plans have veenn inade carefuily. Even such
improvements as water storage tanks beside the nursery beds are useful. The
general rule for watering is simple: adeguate amounts of water are needed at
regular intervals. The water must be added gradually so that it does not form
puddles or run off before it has a chance to soak i1n. The plants should be
watered every day, including holidays. A strictly followed watering schedule
will promote germination and seedling survival.

The seeds should be watered as soon as they are planted. For at least the first
month, watering should be done twice a day (of course, it is often necessary to
make allowances for soil types and locations that make more or less water
necessary). Watering should take place in the early morning and late afternoon
or evening. The plants should receive about 5Smm of water each time. The to
20cm of soil in the pot or bed must be kept moist. Checking the pots or beds
regularly will show whether the soil is sufficiently moist. Moisture levels
should never be allowed to drop near the wilting point.

Water Need Calculation
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If this calculation is used and followed, there will be enough water even under
the most demanding circumstances. If all the conditions in the nurse% remain
good during the project--if there is enough shade, protection from the wind,
effective watering during the coolest part of the day, and good water retention
by the soil or nursery mix--the amount of water needed will be less than this.
In fact, if all of these conditions remain good, only half the amount of water
calculated may be needed. However, experienced project managers plan for
maximum need. It is far better to have the problem of not using all the water
than it is to plan poorly and risk losing the entire stock.

ALASTIC 0TS

DALY PEQRUIRENMENT - 1.5 20¢0.02- 18 L em
Arvern. 20 GAL.

Cultivating

Young nursery plants should be weeded about once every ten days. No fancier
techniques are needed than those used in a vegetable garden. The object is to
get rid of weeds and to keep the surface of the soil loose and crumbly. Sticks
or hand weeding tools are all that is necessary.

Thinning and Root Pruning

Thinning Open-Rooted Stock

Young trees must be thinned out: the single most frequently made mistake in
raising open-rooted stock is failure to thin the [zoung plants. When there are too
many young plants in crowded conditions, the resulting trees are of uneven
size and have poor root development. Many trees will die if thinning is not
done at the proper time.

Seedlings should be thinned before root competition becomes severe. The best

time is usually when the plants are between 10 and 15 c¢m tall. Thinning is

done by removing enough seedlings from the bed to result in an approximate
acmgbgf Scm between each stem. The seedlings that are chosen to remain
ould be the ones growing the most vigorously.
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1©-15eM,

THNNING OPENROCTED STOCK

Sometimes empty spaces in beds can be filled with plants that become available

as a result of a thinning operation that took Xlace in nearby beds. This has been

done successfully with Azardichta indica, Parkinsonia aculeata, and even with

mme Acacias. Such an operation will succeed if the following precautions are
en:

o Roots of trees being transplanted do not exceed Scm in length.

o Dirt is left around the roots when the seedling is
lifted out.

o Plants are handled carefully to avoid injury.
o Roots are exposed to air as little as possible.
o Experienced workers with proper tools do the work.

o Air pockets arouand roots are eliminated by gentle pressure--earth must
not be packed too hard.

o Trees are planted at the proper collar height.
o Freshly transplanted roots are kept moist.

o Plants are kept shaded until they are growing well in their
new location.

If there is enough seed available and time is not a problem, it is probably
better, in the long run, to reseed empty beds or pots than it is to transplant
young plants from the thinning operation.
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Root Pruning

Plastic pots must have some drainage, and thus are perforated in the bottom.
Small roots will grow out of the holes into the soil below, and if nothing is
done to prevent it, the tree will develop a second root system below and
outside the pot. Consequently, those roots that grow below the pot and which
are the major part of the root system will be destroyed when the pots are
moved. This kind of situation defeats the main objective of using pots, which
is to allow trees to be moved and planted with the least disturbance of the root
structure.
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Root pnmir;§ prevents the development of a root system outside the pots.
Generally, after the first 6 to 8 weeks (it is earlier for Acacia), all trees in
plastic pots must be moved twice a month, the outside roots cut off, and the
pots set back in place.

To reduce work, each block of pots can be shifted, pot by pot, a convenient
arm's length distance. To do this a worker picks up a pot with one hand,
prunes the roots with pruning shears, transfers the pot to the other hand and
puts the pot down on the other side. When pruning is finished, the entire block
of pots will have been moved.

Pest Management

The nursery manager and other project personnel must watch constantly for
signs of disease or insect attack and be prepared to respond immediately when
problems are first noticed. Pests can spread quite rapidly in the nursery, and
delal)(c in treating the seedlings has been known to result in loss of much of the
stock.

The !me%r_ated. Pest Management (IPM) approach involves the use of
chemical, biological, and cultural practices for economical and environmentally
sound plant protection. Although the dangers of chemical pesticides are now
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recognized, they are still widelly used in situations where other pest control
methods are ineffective. Biological controls are being researched and
introduced to take the place of pesticides where possible.

Biological methods involve the introduction of a new species into the agro-
ecosystem that acts as a predator, disease, or repellant of the pest species.
Insects are preyed on by birds, lizards, snakes, frogs, spiders, and other insect
species. Diseases can kill insect pests or affect their growth and reproduction
cycles. Repellant species are often other plants that produce substances that
discourage certain insects from remaining in the vicinity. The Neem trees
(Azadirachta indica) are believed to have this property of repeiling a wide
variety of insects. Compounds made from various parts of the Neem are being
tested as organic insecticides.

Possibly the most effective approach to prevent pest incursions in the nursery
is through sound cultural practices. Maintaining healthy seedlings is the best
means of reducing losses due to pests. Plants that have not been properly
tended and watered, or that are deficient in some nutrient, will be more
susceptible to insect and disease attack than will well cared for seedlings.

Insects

In dry tropical regions, insects are most active and numerous during the rainy
season. The life cycles of many insect species have adapted to the climate so
that they do not hatch out until after the first rains have fallen. Because seedling
roduction takes glace during the dry season for the most part, insects may not
as great a problem in the nursery as they can be later, when seedlings are
moved to the planting site. Nevertheless, insect pest outbreaks can occur in the
nursery.

Often the most commonly found insects in the nursery are termites. While they
can do extensive damage to seedlings, not all species of termites are pests.
Some species consume manure and other compost, thereby aiding in the
decomposition of organic matter, but do not bother live plants. Termites can
also improve the soil structure by breaking up hard layers and increasing
rosity, through their tunnel-building activities. Some termite species will,
owever, eat seedlings. In addition there are numerous other insect pests that
can cause problems in the nursery.

Many tropical plants produce secondary compounds that poison or discourage
herbivores. In spite of this natural immunity, however, a given plant species
may be highl susceptible to certain insect species that are not affected by these
compounds. Thus it 1s not uncommon for one tree species to be under attack in
the nursery, even though the other seedlings are unaffected. Before beginning
any sort of treatment, it is very important to assess the extent of the damage
and whether or not it is confined to one plant species. This can help in the
identification of the insect and in the evaluation of various control methods.
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The first step in dealing with an insect attack is to try to identify the pest
species. Insect identification is not always easy, particularly in the tropics
where many species have yet to be classified. If the insect cannot be identified
with%llt expert assistance, collect samples in as many stages of its life-cycle as
possible.

The next step is to determine what control measures can be used. Because so
little is known about many of these insect species, the use of non-specific
insecticides is far more widespread than the use of biological controls. More
research into insect ecology is needed to identify natural predators and
diseases that can regulate insect pest populations. It may be possible to remove
and destroy the insects by hand, however, rather than resorting to chemical
extermination, if:

o the insect outbreak is caught early enough,

o the insects are easy to see and grasp,

o the insects will not bite or sting nursery workers, and
o sufficient labor is available.

If other insect eradication methods cannot be used, most insect %reoblems can
be controlled by insecticides. Their application is discussed below under
Pesticide Use.

Disease

The most common disease problem in the nursery is caused by fungi. This
disease, which can be caused by many different varieties of fungus, is
generically referred to as "damping off." The fungi occur in the soil of
seedbeds and pots and attack the roots or stems of the {oung plants. Often the
first noticeable symptom of damping off is a discolored, "pinched" stem.
Sometimes, however, the leaves of the seedling seem to be drying out,
although the stem still appears to be healthy. Shortly thereafter the seedling
begins to wilt and die. Fungal diseases can spread rapidly, and there is little
that can be done to revive the plants once they have been infected.

Beds and potting mixtures can be treated with fungicides before seeding, but
this will destroy the beneficial fungi in the soil as well as the disease varieties.
Damping off can be prevented to some extent by avoiding overwatering and
stagnation in the beds and dpots Soils with high pH (6.0 or above) are less
susceptible to infection, and some species, such as Eucalyptus and pines, are
more vulnerable to fungal attack than others. Eucalyptus seedlings can be
started in germination boxes containing soil that has been sterilized, then
g‘.ansplanted into pots when they are 25-50mm tall, and more resistant to the
isease.

Other diseases in the nurseg' can be caused by bacteria and viruses. Viruses
are usually transmitted to the host plant by some other organism, which is
called the vector. Vectors can be either animals or plants, and they are often
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normally aimed at eliminating the vector. Bacteria can be transmitted by
vectors, as well as spread by water. Some fungicides are also used to combat
bacterial diseases, but chemical applications do not work against viruses.

If the disease causing agent is not known. use of non-specific chemicals may
destroy many organisms in the soil that are beneficial to plants. Preventive
measures include removal of weeds that may be host to the parasites, turming
the soil in the beds after each planting, and using resistant tree species.

Pesticide Use

It is best to be prepared for insect attack by having certain pesticides on hand,
or by knowing where they can be found quickly. A number of products are
available in the bigger towns throughout sub-Saharan Africa. Pesticides kept at
the nurse{y site must be stored with extreme care and handled only by trained
personnel.

Dieldrin (also called Aldrin) is one of the most widely used chemicals in
nurseries and plantations in Africa, although its use has been suspended or
controlied in some countries because it causes cancer. It is also highly
persistant, that is, it does not break down quickly into less toxic chemicals, but
rather remains in the environment for a long time. Dieldrin is very effective
against termites, maggots, and other soil insects when it is used according to
directions. It is important to follow the wurnings given on the label, however,
because it is also extremely toxic. Improger use of dieldrin can cause severe
illness and even death. In addition, Dxelcfrin must be applied so that none of
the insecticide gets on the foliage of the trees--even small quantities will bum
holes in the leaves. See box for usage precautions.

In many countries, pesticides are sold in containers that are not adequately
labeled. Pesticide labels should always include the following information:

Trade name (with name and address of manufacturer)
Common names of the Froduct

Chemical ingredients of the product

Type of formulation (dust, water soluble powder, etc.)
Registration or license number

Pests for which the product is intended

Net contents of the container (bY weight or volume)
Instructions for mixing and applying the product

Instructions for storage or disposal of the product and container
Wamings and precautions (of health or environmental hazards)
Emergency treatment
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Do not use a pesticide if you are uncertain about any of the criteria listed above.
Lack of information about the concentration of the chemical or the amount
needed for a given area can lead to harmful consequences. Wear protective
clothing such as gloves, boots, face masks, and goggles, when mixing or
applying chemicals. Two good sources of information about pesticides for




DIELDRIN
Other names: Aldrin
Type: Contact insecticide

Formulations: Emulsion concentrate (EC), wettable powder (WP), dust,
and granules.

Waming: Do not touch. Dieldrin can be absorbed through the skin.
It is extremely dangerous to man if not used correctly.

Do not apply directly to animals or let animals eat treated crops.

Do not dump extra solution into ‘akes, streams, or ponds.
It will kill fish, and it can kill people who eat the fish.

It is poisonous to bees.
Do not use to treat grain or any product to be used for food,
animal feed or oil purposes.
Helping someone who has been poisoned by Dieldrin
1. These are signs HEADACHE WEAKNESS
of poisoning: NAUSEA SWEATING
DIZZINESS VOMITING

2. If the person feels sick while using Dieldrin or soon afterward:

o Get the poisoned person to the doctor, dispensary, or health officer
as soon as possible.

o Bring the insecticide container or label so the doctor will know what
poisoned the person.

3. If the person swallowed Dieldrin and is awake, and cannot see a doctor
RIGHT AWAY:

o Mix a tablespoon of salt in a glass of warm water and make the vicim
vomit, or stick your finger down the person's throat. Make him vomit!

0o Make the victim lie down. Keep him warm, and do not let him move
until help comes.

4. If the person spilled Dieldrin on either skin or clothing:
0 Get the clothing off and wash the skin with soap and plenty of water.

o Get medical attention as soon as possible.




91

roject planners include 34 Pesticides: Is Safe Use Possible , published by the
glational Wildlife Federation and Agro-pesticides: Their Management and
Application, by Jan H. Oudejans.

Preparing Seedlings for Transplanting

The general rule of thumb for judging whether a tree is the right size for

transplanting is that the above-ground growth of potted stock should not be
less than 0.2m and no more than 1m tall, Onen-rooted stock can have hatwean
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1.5m and 2m of growth above ground.

Great variations exist among species in the ratio of above-ground growth to
root systems. For example, Acacias have very long root systems compared
with their growth above ground; Azadirachta indica_develop rather tall, single
shoots over a limited root growth. The only way to find out the relationship of
above-ground growth to root system is to expose the root systems of a few

sample trees of each species.

When lifting out open-rooted stock, it is usually the case thai no more than
20cm of the root depth can be excavated without damage. Obviously a tree that
has a major portion of its roots below this level cannot be transplanted safely,
therefore the seedlings must be checked periodically so that they may be
iransplanted on time.

Hardening Off

Hardening off is the gradual reduction in watering rates during the last few
weeks in the nursery. This lessenin% of water intake helps prepare trees for the
less steady water suptplies they are likely to receive at the planting site. About
four to six weeks before removal, watering is reduced to once per day. After
about a week at that rate, the young trees should be watered every other day. If
the trees do not begin to wilt, the amount of water can be reduced further. If
the trees do wilt, however, additional water must be applied immediately to
prevent permanent damage.

Culling

It is a standard nursery management practice to cull the seedlings before
transpianting. The see?lings are graded in terms of their cize and vigor, and
any that are not within acceptable limits are rejected or culled. Generally about
15 percent of the nursery stock is culled before a planting operation. Some of
the culls can be kept inlxle nursery until they are larger and stronger, but often
it is better to start over with new stock.

Seedlings should be rejected on the basis of size either if they are too small or
if they are too large. Potted plants that have been kept in the nursery for too
long often outgrow their pots, causing their root systems to be deformed.
Overgrown seedlings will have a higher chance of mortality than smaller
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Preparing Seedlings for Transplanting

The general rule of thumb for judging whether a tree is the right size for
tra—splanting is that the abcve-ground growth of potted stock should not be
less 0.2m and no more than 1m tall. Open-rooted stock can have between
1.5m and 2m of growth above ground.

Great variations exist among species in the ratio of above-ground growth to
root systems. For example, Acacias have very long root systems compared
with their growth above ground; Azadirachta indica develop rather tall, single
shoots over a limited root growth. The only way to find out the relationshig of
above-ground growth to root system is to expose the root systems of a few
sample trees of each species.

When lifting cut open-rooted stock, it is usually the case that no more than
20cm of the root depth can be excavated without damage. Obviously a tree that
has a major portion of its roots below this level cannot be transplanted safely,
therefore the seedlings must be checked periodically so that they may be
transplanted on time.

Hardening Off

Hardening off is the gradual reduction in watering rates during the last few
weeks in the nursery. This lessening of water intake helps prepare trees for the
less steady water sup‘plies they are likely to receive at the planting site. About
four to six weeks before removal, watering is reduced to once per day. After
about a week at that rate, the young trees should be watered every other day. If
the trees do not begin to wilt, the amount of water can be reduced further. If
the trees do wilt, however, additional water must be applied immediately to
prevent permanent damage.

Culling

It is a standard nursery management practice to cull the seedlings before
tranigzl\antmg. The seedlings are graded in terms of their size and vigor, and
any that are not within acceptable limits are rejected or culled. Generally about
15 percent of the nursery stock is culled before a planting operation. Some of
the culls can be kept in the nursery until they are larger and stronger, but often

it is better to start over with new stock.

Seedlings should be rejected on the basis of size either if they are too small or
if they are too large. Potted plants that have been kept in the nursery for too
long often outgrow their pots, causin§1 their root systems to be deformed.
Overgrown seedlings will have a higher chance of mortality than smaller
sqedlmss with normal root development. An{ seedling that looks unhealthy or
diseased should be culled. It is better not to plant poor quality seedlings than to
expend a lot of energy on trees that are unlikely to survive.




7 THE PLANTING SITE

Site Management
Planning and Organization

The planting site should be completely ready well before the first rains are
due, because the trees must be transplanted as soon as sufficient rain has fallen
to moisten the top 20cm of soil. The tree roots cannot be placed into dry
ground if they are to survive.

When planting is delayed, survival rates decrease greatly. Transplanted trees
need the entire rainy season to get a good start. Therefore, nothing can be
gained by planting in the second half of the rainy season even if there is more
cloudy, wet weather than usual. The limited time span during which successful
planting takes place requires proper planning and advance preparation, which
should include alternative plans for action and substitute resources in case
difficulties occur.

While it is difficult to give specific guidelines for organizing plantinF work
because each project is distinctly different, foresters often find the following
pointers helpful:

o Make contingency plans, especially for transportation and labor. It is very
important that no delays occur. Planting is the time where careful planning
and good relationships with the workers and the community pay off.

o Plan realistically and attempt only what can be accomplished. A small, solid
job, well done, is worth more than a marginal pertormance on a larger
scale. Goals should not be set so high that they cannot be achieved.

o Each planting effort is worthwhile, and is worthy of the same degree of
personal commitment.

o Weather factors can, perhaps, be planned for, but not controlled. There is
a limit to the project manager's ability to alde the project, and it is
important to realize that the impossible cannot be done.
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Site Preparation

Site preparation includes delineatinithe site, clearing the ground, marking the
space for each tree, and digging the holes.

Site Delineation

Well before the trees airive, the fence or other protection should B¢ in place.
The control of land use at the site and the lines of authority should be clear to
everyone in the area.
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Planting area staked out.

Access routes to large sites should be established, and road work completed, if
necessary. In large plantations, a four meter strir should be left just inside the
fence so that a truck can pass, and the fence can be repaired easily. If the site is
large enough to have firebreaks in addition to space left for the roadway,
firebreak areas at least 6m wide should be planned and completely cleared.
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Roads and fences in place.
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Clearing

The area around each tree's location should be cleared of all vegetation,
including roots. Each tree should have a cleared area of at least 1 square meter
in which to grow. This spacing eliminates competition for food and water and
gives the tree a better chance for a good start in the new location. If the planting
site already has some trees on it, space the transplanted seedlings so that they
will not be in the shade of the existing trees.

Spacing

Based on experience relating to ground water tables, most trees in dryland
Africa are now planted with an average of 3-4m between the trees. This of
course differs depending upon the kind of tree and its needs. The following
figures can be used as a guide in determining the number of trees that can be
planted on a site according to the area needed by the tree:

Area Per Tree Trees per Hectare
2m x 2m 2,500 per hectare
3mx 3m 1,100 per hectaic
4m x 4m 600 per hectare

10m x 10m 100 per hectare

Some, if not most, of the large trees of Africa seem to be loners. Acacia albida
and Tamarindus indica, for example, are rarely found growing naturally in
dense stands. Plant these and other similar species in small clumps to ensure
that one plant will survive.

Sometimes a lot of time is spent spacing trees very exactly. This is often done
in areas where cultivation will be practiced using tractors and other vehicles.
This use of vehicles is not as likely in a village situation, however, nor where
the ground is very rough. In these cases, precision spacing is not called for,
and it is better not to waste time trying to space the trees exactly. Spacing can
be done very simply and easily by determining how many shovel lengths or
steps must be left between each of the trees being planted. The first line of trees
is planted along a boundary line such as a firebreak or road. The second line is
then oriented parallel with the first.

Digging

In areas with less than 1,200mm mean annual precipitation, holes should not
be dug before they are to be used. The purpose of pre-digging holes is to save
time once the rains have begun, and io allow rain to fall directly into the hole,
thus supplying extra moisture.

However, this technique may not work in dry areas for two reasons:

o Rains are usually driven by the wind so that the drops hit the
sides of the hole, rather than reaching the bottom.
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0 As soon as the showers stop, the sun and wind dry out the holes
and piles of excavated dirt. This drying process leaves the soil
drier than it was before digging.

Each hole should be approximately 40cm wide and 40cm deep. This size
should hoid either open-rooted or potted seedlings easily. When digging, the
soil is placed in two equal piles, one on each side of the hole. This technique
greatly speeds backfilling.

Transplanting

Lifting Out and Transportation

Throughout the operations of uprooting, transporting, and planting, the
workers raust have plenty of room. It is a good idea to set up a number of
small deposit points for unloading trees so that hand zarrying can be kept to a
minimum. Each team should know in advance the exact area i which it will be
working. As soon as the work Ylan is ready, it should be discussed at staff
meetings. The crew chiefs will know what is expected of them and their
assistants. If everyone is sure of iheir job, the work will go much more
smoothly.
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Moving Potted Stock

Transporting plants in plastic pots is relatively easy for the plants, but is more
difficult in other ways E,the pots are heavy, for example). However, since well-
watered pots can be loaded and transported to the site at any time, it is possible
to start moving potted stock beforehand in smaller batches.

Moving Open-Rooted Stock

The youn% stock must be dug up slowly and carefully using shovels or other
strong tools to dig carefully around the roots.
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Even during careful c}lgﬁg n%, the
majority of roots break. These breaks
sometimes leave long, tearing wounds
through which the tree loses moisture,

and disease can enter. Therefore, as CUT BooTS
soon as open-rooted seedlings are lifted WEA:
out of the ground, the roots, especiaily LY

the big ones, must be cut oft neatly.
Lifting out and root pruning must be
done as quickly as possible.

After the roots are pruned, the trees are bunched in groups of 20 to 50. Wet

mud is packed around the bunched roots. A layer of wet grass or leaves is then

laced over the mud, and the entire bundle is tied together well. Water should
poured over the bundle before it is loaded and taken to the site.

Some special preparations are used to reduce transiiration (loss of moisture
through the leaves) when lifting out open-rooted stock. These preparations help
maintain the balance between root and leaf functions until the roots have a
chance to re-establish their supply functions. Otherwise, the fluids in the plant
are used up faster than the newly transplanted roots can take in a new supply.

Some trees, such as Azadirachta indica and Khaya senegalensis, should be
stripped of all leaves, except for the terminal bud and the last two or three
leaves near it. The plant must not be ripped and tomn, so stripping has to be
done carefully. The terminal bud must not be damaged. The leaves are stripped
as soon as the tree is lifted out and before bundles are made. The stripped
leaves can be used for packing and wrapping material to protect the roots
during transport.

— LEAVE TP YOURA GPOWTH

JH— PEMOVE OLDED: 4POWTH
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Other trees, Cassia simea and Gmelina arborea, for example, can stand even
more extensive cutting. In fact, they seem to recover best if the entire top

rtion of the tree is cut back to 5-15¢m above the ground line. The result is a
rather odd-looking short stem, attached to the first 15cm of its roots. This is
called the stump method. Many stumps can be transparted in very little space.
In both the stump and stripping methods, roots must be kept moist.

g

Remove entire top from Cassia siamea
and Gmelina arborea.
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STUMP  PLANTING 10208 M

It is, of course, vital to know which species respond to which treatment; some

}vill die if cut back to stumps. Workers must be carefully instructed to avoid
0sS.

Replanting

Plant the tree so that its root collar is even with the ground. The collar is the
point where the tree's stem came through the surface of the soil in the pot or
the nursery bed. This is an important step. If the collar is misplaced by as little
as lcm, the chances of survival for some species can be much poorer. The first

small roots often start right under the collar, and must be carefully covered if
the tree is to grow well.

Finding the collar of open-rooted stock is more difficult, because the collar of
the potted stock is right at the top of the soil in the pot, and the soil remains
around the plant. It is worth taking time to be sure that everyone handling the
plants knows where to look for the collar.

Backfilling is done carefully by hand. The soil from the top of the piles is put

around the bottom root structure of the open-rooted stock or the bottom s0il of

g\e Fotted stock. The person doing the planting should tamp the soil with the
eel t

o get rid of the air pockets. Tamping is done diagonally against the bottom
of the roots.
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After the hole is filled, a layer of loose soil is left around the tree. This loose
soil is shaped into a shallow depression that acts as a basin to catch additional
water. These depressions are called micro-catchments. Their construction is
described further on in this chapter under Preparations for Difficult Sites.

Decayed organic matter (mulch) can be put around the newly planted trees if
such material can be found. Again, it is necessary to watch for termites when
mulch is used. The illustrations on this and the next page note the steps
involved in planting open-rooted and potted stock.

Coping with Delays

Delays in planting the seedlings after they have been lifted out of the nursery
can be a major cause of losses. This is particularly true of open-rooted
seedlings, but delays can also have an adverse effect on potted plants. The trees
must be watered abundantly the moment they arrive at the site. If delays in
planting are unavoidable (whethicr overnight or longer, and at either the nursery
or the planting site), special techniquas are calied for.

Potted seedlings that cannot be transpl.nted immediately after they are lifted
from the nursery should be placed in sunken beds at the planting site.

k3

L .
-------

TS CONTERSUNK. I SOIL

Open-rooted stock must be "heeled-in" to keep the roots from drying out. The
seedlings are temporarily laid in trenches at the planting site until they can be
transplanted.
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Preparations for Difficult Sites

Sometimes it may be cost-effective to try special procedures at very dry sites.
These procedures may include water jar reservoirs, micro-catchments, or
contour ridges. '

Water Jar Reservoir

A special lHlanting technique, primarilg used at present for planting shade trees
around villages, should be considered. In this method an unglazed clay jar is
buried in the ground, with neck exposed, close by the seedling. The jar 1s filled
with water, which seeps through the clay to provide the young tree with a

steady supply of moisture. The clay jar reservoir method has a number of
advantages and disdavantages.

The advantages are:
o The soil does not become hard and crusty around the base of the tree.

o The roots are kept evenly moist, not being subjected to alternate wetting
and drying. '

o The roots will grow down around the base of the clay jar in search of
moisture.

o The amount of water needed is reduced (from one to two-thirds) because
evaporation from the soil does not take place.

o The growth rate of the tree can be doubled in the first year or two and its
heartiness is greatly increased.

o The survival rate is increased.

The disadvantages of the clay jar method are:
o Initial planting is more expensive and time consuming.

o The clay Jars must be protected from breaking and from becoming filled
with sand or trash.

In most African markets, clay jars 40-50cm deep and 25-30cm in diameter are
available. Make a hole in the diar about 4cm up from the bottom. The size of the
holes depends on the soil and the planting site. In sandy locations a small hole
(half the diameter of a pencil) should be sufficient; in a site with very heavy
soils, two or more (pencil sized) holes located side-by-side may be needed.
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To plant the jar:

o Dig a large hole about one meter square and one meter deep.
o Partly refill the hole with soil and some organic fertilizer (if available).

o Place the clay jar to one side of the dug-out space with the holes in its
bottom facing the center of the area where the tree will be planted. The
mouth of the jar should show above ground level only a few
centimeters.

o Plant the tree in the center of the hole about 20cm from the clay jar.

o Continue refilling the hole in the ground with the mixture of soil and
fertilizer.

o Fill the jar with water and cover the top to keep the water clean and
prevent evaporation.

For the first three or four weeks after planting, the tree roots grow toward the
moist soil at the bottom of the jar. During this time keep the jar full, but also
water the tree by pouring water around its base.
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After this time, the tree is watered only by filling the jar with water. If the hole
has been correctly matched to the soil consistency, a jar of water should take
about one week to flow through the hole into the ground. Keep the level of the
water in the jar high by adding water every two or three days. The holes can be
made larger, if necessary:

o Dig out entire jar, enlarge holes, and reglace. This must be done
very carefully, or the tree may be injured.

o If the mouth of the jar is large, reach in with a sharp nail or drill
bit and carefully enlarge the 2xisting holes or add another.

Remember: keep the level of water high by adding water every two or three
days. However, just a trickle of water is necessary to keep the tree watered. Do
not make the holes too large.

Micro-catchments

On marginal sites, it is better to plant fewer trees and to concentrate efforts on
micro-site improvement, than to plant a large quantity of trees without
consideration for the area immediately around them. Reshaping the terrain
around each individual tree ensures that as much moisture as possible is
available to the roots. A micro-catchment is, in effect, a small basin around
each tree that is planted.

Micro-catchments can make the difference between survival and mortality. This
means an extra, often substantial, investment of energy in the loc..t;on on
which the tree will be planted, but it may also mean a chance for trees 1o grow
in areas where they otherwise could not. Over-excavation is necessary where
the sub-surface is hard or rocky. The root zone must be loose enough to allow
root growth, and to let scarce water infiltrate. Although it is necessary to
encourage normal drainage so that water does not stagnate, the micro-
catchments are designed to reshape the area around the tree, so that excess
runoff will collect around the base of the seedling and accumulate in the root
zone.

Several shapes and construction methods have been tried. The most common
are a series of "half moon" or "fish scale” shaped low dikes on the downslope
side of the seedlings. An area of about two to four square meters around each
plant is reshaped to provide a slight depression that catches water falling
immediately around and up-slope from the tree.

Micro-catchments can be surprisingly effective even on sites with little slope.
Some have been so successful that trees can survive on the water from only
one rainfall each year. One site where this has been demonstrated well is
located in Northern Kenya, west of Lake Turkana. A key element to success
lies in providing a large enough catchment volume so that runoff from a 7mm
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rain can be stored withont overflowing the banks of the catchment. This
requires a trial and error approach, as well as calculation of simple volumes
based on more or less regular geometric figures.

A second kezeelement is proper construction of the dikes. Their contours and

rades must be geometrically correct, without low points or wavy crowns. The
ﬁike must also be keyed into the existing ground, and great care must be taken
to comgact the soil in the dike walls. omssction works best if the soil is
moist. Clay must be tamped thorothly, in thin layers, so that no voids exist
between the lumps of soil. If properly constructed, individual basins will hold
and collect the runoff from rains and increase growth and survival where only
marginal results would be obtainable under ordinary circumstances. Prosopis
species particularly benefit from this method. In addition to the trees, grasses,
which are harvested for forage, and in favorable cases even sorghum, can be
grown in the moist area of the lowest portion of each basin.

Contour Ridges

A method similar in concept and purpose to micro-catchments, but on a larger
scale, has been used on agricultural sites and is also appropriate for tree
plantations or agroforestry projects. This method involves the construction of
contour ridges, or diguettes, using rock or tamped earth walls built along the
contour line. The ridges help prevent scil erosion as well as increase infiltration
of moisture into the soil. They do, however, require substantial investments in
terms of tools, labor, and maintenance.

Like micro-catchments, contour ridges can significantly increase survival and
growth rates even on relatively flat land. The distance between ridges depends
on the deliree of slope--on steep hillsides they should be constructed closer
together than on flatter sites. It is important to follow the contour closely in
laying out the ridges. Once the ridges are in place, farmers should use contour
plowing and cultivating techniques, if they are not doing so already.

The first step is to mark the contour using a level. In areas where there is an
adequate supply of rock to use as a building material, the ridges are constructed
by digging a furrow in which the boulders are lodged. Smaller rocks and soil
are used to fill in gaps between the boulders. If rock is not available, the ridges
are constructed using tamped earth. A shallow trench is excavated along the
contour, and the earth is shaped into a ridge on the downhill side of the trench.
The soil is packed using a wooden tamp. The soil must have a clay texture to
retain water. Soils with a high sand content will not work.

After l_xeavii rainfalls, some water normally passes over or througll}hthe ridges.
Occasionally a channel of water will break through the ridges. These breaks
must be repaired promptly to prevent gully formation.
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Although contour ridges are usually constructed with the idea of using the
increased soil moisture retention to improve crop production, trees and shrubs
can also be planted at intervals along the contour ridge. Chapter 8,
Aglrlo;lii’orestry and Soil Conservation, gives a more complete description of this
technique.

DIGUETTES

Contour ridges like these in use in Burkina Faso allow the growth of rice
where rice was not previously able to grow .
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Plantation Maintenance

Watering

General Considerations

Normally tree plantations in drylands Africa are rainfed; that is, they depend on
rain andy groundwater to supply all their moisture needs, rather than being
watered or irrigated. The cost of irrigating a large area is usually too large for a
forestry or conservation groject. This hold true for most forest tree species and
planting configurations, but there are some exceptions.

Shade trees are generally watered frequently because they are often located near
enough to a water source that watering does not require much effort. Fruit tree
orchards are also sometimes irrigated, because the crop is considered valuable
enough to make the cost worthwhile. Research plots may be watered, if it will
not interfere with the results of the experiment. Sometimes demonstration
parcels are watered to ensure that the trees survive, in the hope of encoura§ing
people to adopt the technique being demonstrated. This is misleading if the
technique does not ordinarily involve watering.

Watering Trees At Extremely Arid Sites

In areas of less than 250inm mean annual precipitation, the survival chances of
seedlin%s planted at the onset of rains are low at best. If sufficient rains do not
materialize, seedlings must be watered. As long as provisions for waterin
must be made, it may be just as well to plant trees during the cool, dry period.
This is a major deviation from the basic principle of planting during the rainy
season. Experience in Mauritania has shown that planting and watering of tre &s
during the cool season requires much less water to get them started.

Always provide water where it is needed, in the root zone rather than at the
surface. Also, provide sufficient water to bring soils in root zone to field
capacity in one application. The special procedure for watering trees at
extremely arid sites is as follows:

o Dig a hole or test the soil with an auger to determine the existing moisture
conditions. Dune sands may contain capillary water at 1-2m below the

surface. If that is the case, only the dry layer above these areas need be
watered.

o Aple the correct amount of water to each tree through a tube or pipe
attached to a metal container placed on a stand. The container can be
removed for refilling.
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Weeding

There are two reasons why it is important to weed around young trees: 1) to
reduce competition for moisture and growing space; and 2) to reduce the risk
of damage from brush fires. Climbing vines can also strangle a seedling if they
are not quickly removed. It is not niecessary to weed the entire area of a
plantation; clearing a radius of about 1m around each tree is sufficent.

Weeding is most necessary during the rainy season. If the trees have been
properly tended during the rains when the weeds are most prolific, additional
weeding operations should not be necessary during the dry season. If there is a
considerable amount of dry vegetation on the ground surrounding the trees,
however, fire becomes a major concern once the rains have ended.

The grasses and other vegetation removed from the plantation during weeding
operations can be used as animal fodder or as mulch around the young plants.
eeding may be necessary for several years after the seedlings are planted--at
least un'i” they are taller than the other vegetation, and their root systems are
deep enouth so that they are not competing for surface moisture and nutrients.

Survival

If the trees have been properly cared for, if no animals get into the planting
area, and if there are no serious attacks by insects or rodents, survival of the
trees depends directly on the weather immediately after planting. Cloudy
weather with frequent showers for the first three or four days after planting can
mean that up to 90 percent of the trees will survive. A dry spell lasting several
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days after planting can reduce the survival percentage to 30 percent. Abundant
precipitation during the rainy season helps plants to build up reserves and roots
that are long enough to reach down to lower water tables during the dry
season.

Generally only those trees that are weak, diseased, or slow starting are affected
by insects, rodents, and disease. Sometimes trees that look dead above the
surface may resprout from the ground up the following year if conditions are
good. While they may always be stunted, they can add to the ground cover.

A survival count should be undertaken during the planning stages for the next
year's planting season, to determine how many seedlings will be needed to
replace trees that have died. A site assessment is sometimes necessary to
determine if high mortality rates are due to an inherent problem in site
conditions. If a problem is identified that cannot be easily corrected, it may not
be worthwhile to replant on that site the following year. In areas where there
are two rainy seasons per year, replacement planting can take place during the
second, shorter rains, if site conditions are favorable.

Because mortality losses may be due to more than one cause, it may be
necessary to plan several survival counts at intervals during the dry season.
The first count, taken shortly after the end of the rainy season, indicates losses
due te transplanting shock, or to spotty, inadequate rainfall. Survival counts
taken later in the ¥ear may show a higher overall mortality due to the
cumulative effects of drought combined with other factors.

It is unrealistic for project managers to expect to maintain 100 percent survival
even under the most favorable conditions. Although reasonable efforts should
be made to reduce mortality as much as possible, a total survival rate of 60
percent of the nursery stock one year after planting should not be considered
disappointing under arid land conditions. Total survival includes the seedlings
still living after counting losses in the nursery, seedlings that are culled during
grading, and seedlings that die following transplanting.




AGROFORESTRY METHODS

Agroforestry Systems in Africa

A roforestz is a topic that has received considerable attention since the first
edition of this book. This interest is largely due to evidence that trees and
shrubs can be managed to enhance significantly and, to some extent, guarantee
the sustainability of agricultural systems. Moreover, trees of appropriate species

in suitable locations can increase agricultural productivity. Agroforestry offers

an alternative approach to intensive agricrltural "development” schemes that in
the pag;l have often resulted in decreased soil fertility and loss of soil restoration
potential.

Even the widespread adoption of the term a roforestgy indicates that
development specialists now recognize the validity of indigenous farmin
systems. Farmers and pastoralists in dryland Africa have over a long period o
time evolved complex strategies that utilize trees and shrubs as essential
components of natural resource use systems (land, water, natural vegetation,
etc.). In many parts of Africa, a form of shifting cultivation known as fallow
or slash and burn agriculture has traditionally been practiced.

Under this farming system, small parcels of land are cleared. Fire is often used
to clear the vegetation, releasing plant nutrients into the soil. The plots are
intensively cultivated for a few years until soil nutrients are depleted. They are
then left fallow (unplanted) for as long as several decades, allowing the
regrowth of the natural vegetation. Soil fertility is gradually restored, and after
a sufficient interval the land can be cleared and farmed in another rotation.
Because of population f‘pressures and recurring food shortages in Africa,
however, many farmers find it difficult to practice traditional fallow agriculture.
They are forced to lengthen cropping periods, while reducing the number of
years the land is in fallow. This results in a loss of soil fertility and consequent
reductions in crop yields. Wind and water erosion also increase.

Agroforestry or soil conservation techniques, often combined, can help to
stabilize cultivation on a given lpiece of land. Certain of these methods help
revent or reverse environmental damage in areas where fallow cropping is no
onger practical. Adding trees and shrubs as permanent features in the
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landscape in the form of field trees, border and alignment plantings,
windbreaks, and live fencing can protect the soil against erosion and improve
nutrient cycling. Proper maintenance of trees in agroforestry or soil
conservation s?'stems maty allow permanent cultivation of farm fields, that
previously could only be fallow cropped. Many of the techniques described in
this chapter are based on farming systems that evolved in Africa to allow long-
term sustainable production systems to take the place of shifting cultivation.

An attempt to describe the role that trees and shrubs play in the overall
management of natural resources is condensed in the following definition of
agroforestry by the International Council for Research on Agroforestry:

"A land use system that integrates trees with agricultural crops
and/or animals, simultaneously or sequentially, to get higher
productivity, more economic returns, and better social and
ecological benefits on a sustained yield basis, than are obtainable
from monoculture on the same unit of land, especially under
conditions of low levels of technological inputs and on marginal
sites.” (ICRAF, 1982)

This means that trees and shrubs are deliberately managed (that is, established,
tended, protected, harvested, etc.) and considered as one of the resource
elements used by the people or their livestock, even though the trees may
appear to be randomly dispersed in the landscape. Trees and shrubs need not
be forests, woodlots, orchards, or other discrete stands, especially set aside for
a single J)ulpose or product. Rather, they are planted wherever people have not
allocated the space to some other use.

Forestry specialists in the past have paid too little, if any, attention to trees and
shrubs outside of specifically designated forest areas. Throughout arid Africa,
governments have established areas of land sct aside to be managed by
technical services for forest (wood products) or wildlife resources: gazetted
forests, classified forests, various types of reserves, parks, etc. Agroforesu?i'
takes place outside of these boundanes and includes trees that have regenerate
naturally as well as those that are intentionally planted. The goals of land and
resource management for agroforestry systems can vary greatly as long as trees
and shrubs are integrated with crops and/or animals. This definition of
agroforestry includes a broad range of activities from hunting-gathering
systems involving minimal technological input, to intensive intercropping
patterns where trees are established, pruned, and harvested according to
carefully controlled production schedules.

It has also become evident that, from the local people's point of view,
integrating trees into traditional operations and land use patterns makes much
more sense than setting aside specific areas of usable farm land for woodlots.
In many areas the most acute problem is lack of food, not lack of wood.
Certain tree species may provide food (fruit, leaves, edible seeds, etc.) not
only for })eop ¢ but also for livestock, particularly during seasons when food
supplies from other sources are low.
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In addition to producing wood for fuel, construction, implements, tools, and
art objects, other important and locally appreciated by-products of agroforestry
include fiber for mats, baskets, and rope, or plant materials for medicines,
dyes, tanning, cosmetics, and glue. These raw materials were easily obtainable
a few generations ago when extensive woodlands still existed throughout the
dry regions of Africa. Today they are scarce because much of the "useless
brush™ has been converted to farm fields or plantations of rapid growth
species, the use of which is usually limited to only a single product.

Trees, Soil, and Farming Systems

Trees and shrubs play a critically important conservation role. They can reduce
soil surface temperatures, increase infiltration and retention of soil moisture,
provide organic matter, pump nutrients, fix nitrogen, reduce erosion from
water and wind, form live fences, and provide shade, all of which create better
growing conditions for crops and grasses.

Some methods currently being promoted as agroforestry interventions--
windbreaks, for example--can be equally well categorized as soil conservation
methods. For the purposes of this text, it is not necessary to classify techniques
into one discipline or the other. By its definition, agroforestry attempts to
achieve "higher productivity, more economic returns, and better social and
ecological benefits on a sustainable basis...." These objectives should be
compatible with the goals of soil conservation and sound farm or range
management programs, and should also be in line with efforts focusing on
response farming or farming systems research.

It is natural to ask which of these interventions, agroforestry, soil
conservation, or farm management, will yield the best results. Experience
shows that any one of the three, used alone, can produce significant results. It
is becoming even more obvious, however, that better and more balanced
effects can be achieved if the three systems are used in combination. Research
shows that in many instances soil conservation efforts can have a synergistic
effect when combined with agroforestry systems. This holds true for
modifications of farm or range management practices. In fact, the three types
of activities often comﬁlemem and reinforce each other, to produce better
results than could be achieved through the separate use of any one approach.
Agroforestry systems should be designed, then, with careful consideration of
methods that traditionally fall into the realm of soil conservation and farm or
range management.

The table on the following page illustrates how the three technical fields relate
to each other. Pilot projects should test different combinations of techniques,

using a farming systems research approach, before introducing an agroforestry
package to a mraf area on a large scale.
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Species Selection

Sustainability is the key feature that agroforestry offers to people who depend
on a limited and fragile resource base for their daily subsistence. An
appropriate, properly managed species mix will result in sustainable land use
systems that produce as well as conserve.

No other single issue is as important as species selection in planning an
agroforestry intervention. In some instances, the choice is not hard to make. In
the Sahel, Acacia albida is frequently identified as the species that is most
appropriate for a given site. Moringa oleifera is a good candidate for
intercropping with vegetable gardens in areas where people are familiar with it,
but it may be more difficult to introduce to new areas. Another "classic™
agroforestry species in dryland East Africa is Dobera glabra, which is very
much appreciated and in demand from Lake Nyanza to Saudi Arabia.

The task of recommending species for windbreaks can become controversial.
Many windbreaks established in Africa are composed of a single species, most
frequently the Neem tree. It is widely agreed that a more diverse species mix
would be preferable, but few data exist to indicate which species can be
combined to achieve the desired effect. Fast-growing species are needed for
windbreaks because they can begin to reduce wind erosion a few years after
their establishment. The more slow-growing species, however, are often
longer-lived, and grovide protection for the crops and soil long after the fast-
growing species have died. An ideal -windbreak species mix should also
contain multiple-use trees.

The same problem exists for many other experimental techniques such as live
fencing and contour strips. The decision is complicated by the question of
specific site requirements and conditions, but aspects such as resisitance to
browsing, or local preference (not to mention taboos, prejudices, and
unfamiliarity with a new species) often severely limit the choice.

Much can be said for experimentation and trials, but research takes time, and
project funding organizations are often in a hurry for results. They want and
need short-term successes. Consequently, they tend to select from a limited
number of key species, based on the best information available at the moment.
This tendency to depend on the same few species for almost every application
has resulted in a concentration of knowledge and experience with a few exotics
at the expense of a number of other, potentially more valuable, species.

Agroforestry project planning should not take a cookbook approach. Rather,
the project design should be adapted to specific site conditions and current land
use patterns. Species trials are required to meet site requirements.
Demonstration plantations using more varied species, including more
indigenous species, are needed throughout dryland Africa so that future
selection can be made on the basis of what has worked.
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Rainfall

West
Africa

East
Africa

Species Selection Based On Rainfall

Below 500mm

Acacia albida
Acacia nilotica
Acacia raddiana
Acacia scorpiodes
Acacia senegal
Acacia seyal
Azadirachta indica
Balanites aegyptiaca
Baubhinia reticulata
Combretum spp.
Commiphora africana
Hyphaene thebaica
Mitragina inermis
Moringa oleifera
Prosopis juliflora
Pterocarpus lucens
Salvadora persica
Tamarindus indica
Tamarix spp.
Ziziphus spp.

Acacia melifera

Acacia nilotica

Acacia tortilis
Azadirachta indica
Balanites aegyptiaca
Cassia spp.
Commiphora ellenbeckii
Conocarpus lancifolia
Cordia abyssinica
Dobera glabra

Grewia tenax

Jatropha dichtar
Leucaena leucocephala
Moringa oleifera
Prosopis chilensis
Prospis juliflora
Salvadora persica
Schinus molle
Sesbania sesban

500-1000mm

Acacia albida

Acacia nilotica

Acacia scorpiodes
Adansonia digitata
Anogeissus leiocarpus
Azadirachta indica
Balanites aegyptiaca
Borassus aethiopum
Butyrospermum parkii
Carica papaya

Citrus spp.

Diospyros mespiliformis
Eucalyptus camaldulensis
Leucaena leucocephala
Mangifera indica
Moringa oleifera
Parkia biglobosa
Prosopis africana
Prosopis juliflora

Psidium guava

Pterocarpus erinaceus
Sclerocarya birrea
Tamarindus indica

Acacia polyacantha
Acacia senegal
Azadirachita indica
Balanites aegyptiaca
Calliandra calothrysus
Calodendrum capense
Carica papaya
Casuarina equisetfolia
Citrus spp.

Cordia abyssinica
Croton megalocarpus
Eucalyptus spp.
Gliridicia sepium
Gmelina arborea
Grevillea robusta
Leucaena leucocephala
Mangifera indica
Psidium guava
Schinus molle
Sesbania grandiflora
Sesbania sesbhan

This list should be used as a guideline, a basis for further discussion and observation in the
field and at the specific project sites.




119

Agroforestry and Soil Conservation Techniques

A wide assortment of different agroforestry techniques is being used today,
based on traditional practices that have been carried out by local people for

enerations. Others are relativegy new, "invented" by technicians working with
ocal farmers or pastoralists and still being adapted to va;ying site conditions.
The methods described here are presented in "tech-sheet" format. They provide
a practical guide for use in the field, rather than extensive coverage of
background information, theory, and reference sources. The bibliography and
Information Source List in Appendix "E" should be consulted for further
documentation.

Many of the technical requirements, design, and field work details that are used
in agroforestry systems are similar to or the same as those of standard forestry
and conservation activities. The information regarding establishment and
maintenance techniques for reforestation efforts that has been discussed in the
greceding chapters 1s also generally applicable for agroforestry applications.
everal points, however, deserve special attention when implementing
agroforestry-related projects. Additional information is provided in the
following pages for specitic factors that should be considered, such as spacing
requirements, intercropping, plant protection, pruning, and harvesting.

Particular emphasis should be placed on extension of the agroforestry
techniques presented here so that local people are encouraged to try them on
their own land. Traditional plantation forestry methods often involve
recruitment of a large labor force to carry out work on publicly owned land
with high levels of technological and material inputs. Although some projects
of this sort may fall within the broad definition of agroforestry, most of the
techniques shown here are specially selected and modified to be implemented
by rural households or communities using locally available materials.

Agroforestry and soil conservation techniques can be grouped or classified in
different ways. Some of the techniques described in this chapter, therefore,
could be equally well categorized as soil conservation or farm/range
management measures. They are all grouped here, nevertheless, because they
can contribute to the increased productivity and sustainability of land use
systems. All of the techniques included involve the establishment of vegetation
cover, primarily trees and shrubs. Some also involve physical soil
conservation methods as well, such as contour ridges, terraces, or walls. This
approach is intended to increase awareness of ways in which vegetative
methods can be used interactively with physical methods.

The following outline shows the format that has been followed in organizin
the information in this text. The main categories and sub-categories distinguis
the various techniques according to their functions and the spatial arrangements
in which trees appear in a rural lIandscape. The techniques are illustrated on the
following pages and described in detail in the sections that follow.
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Outline of Individual Techniques

On-farm
Dispersed Trees (1)
Alley Cropping (2)
Line Plantations (3)
Borderline Trees (4)
Live Fencing (5)

Off-farm
Roads and Trails (6)
W -.ter Courses (7)
Shade Trees (8)

Soil Conservation
Windbreaks (9)
Sand Stabilization (10)
Contour Strips (11)
Trees Along Contour Ridging (12)
Gully Reclamation (13)
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On-Farm Techniques

Trees can be integrated with crops in a number of ways. They may be
dispersed randomly across a field, planted in careful rows between rows of
other plants, or planted as separate stands for orchards or woodlots. Trees may
also be used to mark borders or as live fencing.

1. Dispersed Trees (On-Farm)

Intensive interaction between crops and trees occurs when they are grown
together. The classic farm/park landscape that covers large parts of the Sahel is
a perfect example of a traditional agroforestry arrangement where trees
dispersed in farm fields form an integral part of a cropping system. Different
species are found in these dispersed, park-like stands, depending on site
conditions. The best known are Acacia albida, Butyrospermum parkii, Parkia

biglobosa, and Borassus aethiopum.

In traditional systerns these trees regenerate naturally, and so they are more or
less homogenously distributed across fields in random patterns. Where they
have been regeneraad through human efforts they are planted in lines
(normally 10mx10m). Regular spacing is particularly important if mechanized
cultivation, such as animal traction, is practiced. The main feature of this
approach is that the trees are more or less uniformly dispersed either in a
natural, irregular pattern or more systematically in a grid pattern.

There are some problems that have arisen in the use of this technique. The
seedlings are difficult to protect from grazing when they are young (up to five
years). Brush fences or woven baskets can be placed around individual trees,
as described in Chapter 3, but this is expensive. Birds are also attracted to the
trees, especially when they are established near rivers and lakes. The birds can
cause problems for farmers if they eat crops and seed.

Efforts to introduce Acacia albida in farm fields in the Sahel have been
P)artgcularly successful, however, because of a unique property of this species,

uring the rainy season it drops its leaves, and it does not leaf out again until
well into the dry season. Cereal crops can be grown under the leafless trees
during the rainy season. The crowns of almost all other tree species compete
with I ht-demandin(gj crops for space, thus the areas shaded by the trees cannot
be used for crop production. Even small trees can create enough shade during
the rainy season to take a significant part of a farmer's land-holding out of
production.

During the dry season the Acacia albida leaves and pods provide a welcome
source of food for livestock. The trees also seem to have a remarkable effect on
soil fertility, and dramatically increased crop yields have been noted on a
number of sites. Especially in Senegal, Niger, and Chad, some fairly old
stands of A. albida can be found that were established in farm (elds. In spite
of little or no govermnment or donor follow-up beyond ihe first two to three
years, these 10 to 50-year-old plantations of A. albida are doing well. Their
survival is probably due to the high value placed on the trees by local farmers.
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Contrary to traditional forestry lore, which often describes A. albida as a slow-
growing species, it can grow quite rapidly. The crowns of some stands,
planted at a 10mx10m spacing in 1972, are beginning to close. These trees are

5-7m tall and have begun to produce flowers and fruits as well.
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2. Alley Cropping (On-Farm)
Small trees or sﬂmbs, pruned freqixemly to prevent them from producing too
much shade, are grown in relatively compact rows (between 2 and 4m, never
more than 6m '?ﬁlart). Crops are grown in the space--the "alley”--between the
rows of trees. This method was developed in more humid areas of the tropics,
and it is being tried in drier regions of Africa, Asia and Latin America. The
International Institute of Tropical Agriculture (IITA) has been experimentin
with alley cropping in Nigeria for a number of years. Arid lands versions o
this approach are still in the trial stages, however, and experience in these
zones has been much more limited. Most research is focused on obtaining the
right species combination, but the question as to which crops respond best to
which tree species also varies according to site conditions.
Fast growing tree species such as Leucaena leucocephela, Gliricidia sepium,
and Gmelina arborea have been used in various research efforts. Other species
that can be used for alley cropping include Calliandra calothrysus and
Sesbania grandiflora, but these also have high moisture requirements. They
should be tried in arid regions in vegetable gardens that are irrigated during the
dry season. Acidic soils are also not suitable for alley cropping with the species
that have been suggested above. Speci:s that would be more appropriate for
sites and low pH soils need to be identified. Such diverse crops as com,
millet, cowpeas, yams, and manioc can be grown in the alleys.

The trees/shrubs are pruned as often as five times per year. The clippings are
laid down as a mulch around both trees and crops, gradually decomposing and
becoming incorporated into the soil as organic matter. The shade and mulch
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from the tree rows also reduce weed growth. Yields of some crops are higher
between the mulched rows than in comparable fields that are not being alley
cropped. The IITA found that yields from maize were three times greater after
four years of mulching with Leucaena leucocephala clippings (IITA, 1986).

In addition to the increased cumplexity of matching compatible crop and tree
species to specific site conditions, several other problems may limit the

widespread adoption of alley cropping in Africa. A major consideration to
farmers who are considerine various intercronnino cchamec ic tha amannt of
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arable land that the trees will take up. Farmers tend to favor methods that will
take as little land out of crop production as possible. Alley cropping requires
fairly close placement of tree rows, which can substantially reduce the amount
of land left for the crop rows. Where land scarcity is a problem, therefore,

alley cropping is probably not the best method to use.
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Alley cropping also requires fairly strict adherence to Y}anting and pruning
schedules in order for the technique to give good results. If the trees are not cut
back at regular intervals, they will create too much shade for the intercropped
plants. For light sensitive crops like corn, too much shade over a period of just
a few days can interrupt flowering and fruiting processes. Other crops simpll_z
do not thrive in excess shade. Trained extension personnel are needed to wo
closely with farmers on crop and tree species selection and on setting up
planting and pruning schedules.

Farmers may want to use the pruned branches for poles or firewood. The
clippings can also be used as fodder for livestock. If the leaves and branches
are not used to muich the crops, allegecropping may not have the effect of
increasing crop yields, but it will still be an effective technique for controlling
soil erosion, increasing the availability of tree products, and maintaining
a~—cultural sustainability.

3. Line Plantations (On-Farm)

Another alternating row arrangement involves planting larger trees at a wider
spacing (7 to 10m) with crc:})s planted between the rows. In this system,
species that provide fuelwood and timber, such as Greviliea robusta, or fruit
trees like avocado and citrus, are often used. As much as 60 percent of the
species composition of the line plantations may be shrubs. Qther possibilities
such as Markhamia platycalyx or Maesopsis eminii are being studied on trial
sites, where they serve as shade trees for coffee plantations. Several species of
Acacia can also contribute to honey production. The species mix should
include trees that provide different products as well as nitrogen fixing plants.

As in the case of alley cropping, this system has not yet reached full-scale
production in the drier parts of Africa. It has, however, been tried at higher
elevations in East Africa and its basic principle may some day prove of value in
drier areas as well. The trees anc shrubs are planted in rows with 1m-2m
spacing between trees in the row. The rows are 7m-10m apart. The trees are
not as intensively pruned as in alley cropping, although branches may be
lopped to let more light through to the crops below.
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It was found in Rwanda that as few as 70 trees (depending on species mix and
the frequency of harvesting) will supply all the wood needed by a family of six
for a year. Harvesting is done by lopping branches, and roots are also
sometimes cut if they encroach too far into cultivated fields. An average tree
provides about 20kg of dry fuelwood per year on a sustained yield basis under
this agroforestry system.
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4. Borderline Trees (On-Farm)

Borderlines consist of trees, shrubs, and grasses established to delineate
individual farm fields. They serve as property markers while they provide
wood and other products for various purposes. They do not occupy too much
space, nor do they shade large areas of the fields. Because the tree rows are not
actually in the fields, they do not interfere with regular farming operations. As
in line plantations, wood and other products can be harvested from the trees.

Grasses such as Andropogon guiana are traditionally used to mark property
boundaries, especially around farm fields. In dry areas, Calatropis procera and
Euphorbia and Commifera shrub species are also used for this purpose.
Sometimes trees, particularly fruit-bearing species such as Tamarindus indica,
Annona senegalensis, and Borassus aethiopum, are grown in borderlines or to
mark the comers of fields.

The promotion of additional species for borderline plantation has potential, if
species selection takes into consideration local preferences. Protection of
{oung trees is necessary unless the species being used are unpalatable to
ivestock. Euphorbia and Prosopis species have proven somewhat resistant to
grazing in Somalia, Kenya, ancf Niger.

Issues of land and tree tenure should be carefully researched and discussed
with a community before this technique is tried. If the trees are planted on a
borderline between two farmers' property, to whom do the trees and the
harvesting rights belong? There may be several alternative approaches to
resolve this question, but all parties involved should agree in advance as to
how the situation will be handled.
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5. Live Fencing (On-Farm)
Live fencing consists of dense hedges or thickets usually planted around a
garden or farm field to protect it from free ranﬁing livestock. They are also
glanted around family compounds and other butldings. This technique differs
rom borderline plantations in that shrubbier species are used, the shrubs or
trees are t?htly spaced (0.5-1m), and they are intensively pruned to maintain a
compact, dense barrier. This is a very important alternative to traditional fences
that are constructed and annually repaired using interwoven thorny branches.

A number of species have shown that they adapt well to use as live fences.
Members of the Euphorbia family are especially good because animals will not
eat them (people too must be careful--when Euphorbias are cut, the milky sap
can cause severe irritation if it touches the skin). Other species that are suitable
for live fencing include Acacia ataxacantha, Acacia machrostachya, Acacia
nilotica, Acacia pennata, Acacia senegal, Acacia seyal, Balanites aegyptiaca,
Calatropis procera, Comiphora africana (mainly for posts), Eup!ﬁ)rbia
balsamifera, Leucaena leucocephala, Parkinsonia acculeata, Prosopis juliflora,
and Zyziphus spp.
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Spacing

Frequently, the main function of a hedge is to keep animals out. If this is the
case, plants must be spaced tightly and kept well pruned. Select species that
are:

o Thomy

o Easily coppiced (sprout back)

o Relatively unpalatable

o Fast growing

No one species will meet all these requirements. Trade-offs are inevitable
although a mixture of species may provide the most protection. Final choice
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depends much on specific site conditions. If protection from animals is not a
primary concem, the spacing between plants can be wider. Hedges can have
many other advantages and functions besides keeping out animals:

o Demarcation of property boundaries

o Protection against win

o Addition of organic matter from leaf litter

o Fruit and forage, when combined with borderline trees

0 Privacv
- A AAY IIVJ

As garden fences, or wherever irrigation is possible, trees for a live fence can
be started by direct seeding. The seeds should be planted in furrows or in small
pockets placed at intervals along the fence row.

EEDS (W

Direct Seeding Live Fences

Live fences can also be established from cuttings, especially from some species
such as members of the Euphorbia and Commiphora genera and some perennial
legumes. Freshly cut branches from these species are likely to take root and
sprout if they are planted at the be;iinning of the rains. These species are

erefore, particularly useful for establishing live fences. Normally, one would
not wait until the beginning of the rainy season to build fences, but this might
be done when using post materials that may take root. Care should be taken not
to damage the bark or wood when attaching wire for the fence. See Chapter 9
for more information on propagation by cuttings.
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Off-Farm Techniques

In most rural areas as well as in towns and urban areas, there are unused
spaces along roads and water courses, and around houses and public
buildings. While they may traverse agricultural land, these open spaces are not
used for agricultural production. Trees planted in these spaces can enhance the
environment by providing erosion control and shelter from the sun and wind
for both people and animals.

6. Road and Trail Alignment ( Off'f-Farm)

A long standing tradition throughout Africa is to line roads with trees, mainly
for shade, but also for wood and other tree products. This practice can be
extended to include foot paths and trails. Certain species (Eucalyptus spp. or
Grevillea robusta, for example) can be pollarded extensively every three to five
years, yielding considerable amounts of fuelwood and poles for construction.

A frequently made mistake has been to plant trees too close to the road. On
ngor roadways, enough room must be left for two vehicles to pass with
additional space on the roadside for vehicles to pull over in an emergency. Less
than six meters of space between tree rows creates traffic hazards. Additional
width is needed around curves, because the trees reduce the distance ahead that
drivers can see.

Trees are also established a!onf_ livestock and bicycle trails and footpaths,
sometimes in combination with live fencing or rock walls to control access to
adjacent fields. Shade and fruit trees are favored for footpaths.
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7. Water Course Alignment (Off-Farm) _

The banks of streams are frequently cleared for cultivation of cereal crops or
irrigated gardens. They are extremely susceptible to erosion once the natural
vegetation has been removed. These areas can be protected by restoring tree
and shrub cover along the stream banks. Water course alignments also create
good habitats for wildlife.

Trees and shrubs can be established around water sources in much the same
way as alignment plantings along roads. Rivers, ponds, or drainage canals in
irrigation schemes provide excellent growing conditions for trees. Exotics like
Eucalyptus spp., Casuarina equisetifolia, or Cassia siamea will grow rapidly on
these sites. Fruit trees (mangoes, citrus) should be given special consideration
because of their value as %ood sources. Dry river beds (wadis) provide a
suitable site for species such as Tamarix, Anogeissus leiocarpus, Prosopis
Spp., or other more drought-resistant varieties.

<pPJERAL ROWS oF TREE=.

CONSTRLAX  MINL - BENCHES
AND PLANT TREES oW TIHEM

R \ARY SPECIES
R UPHTRENWNS W
- i o it Az pmet
f": FoRce. oF FLOW i
/ ; L v :'f‘« AL -
ALANT £Umh e 3 IR "
MATERAL OV A . 2 N e
-djmai EM% "-‘. - "‘!'Z“‘ \‘, s
- -y 2 b‘. .. P
““"“&&m“c‘mg - ESTABLTH PERMAWENT
. GRASS JOVER. AND
TuPRLN GEASS AT TREES O
D SHROULS "Fish -t e “ (ORCHARD
TERRE ¢ )
WATERWAY FTROTECTION

PLAWT SBEVERAL LINES
OF TREES ALDNG, BArK,

TYPICAL. BED OF INTERMITTENT SIREAMN




134

CRASCES oR. STHER
GROUNDENER, CAN BE
ESTAGLICHE D N THE
FLOOD PLAIN)

W oR. METAL TS
CRIVEN T GRoUND

BRAVMCHES WOVEN
\ AROOND TS
OSTS AL 2RANCHES
~ BE FROM <P EF-)
THAT AN =& PROF TED
YPECAL O TR FROM CcUTTIhNGS
ESTABLISHIG <

< ok
SHRUBZS ALONG WATERWAYS

CASUARINA | BUCALYPTUS, CASSIA,
ETL. ok MANGOES, TAMARIND

5 \
PRUIT TEEE=S
%g-s YOEY FXTER)
TREL P13 (Woed
"E‘#{us S R:L&sn‘bweﬁ.)
SUAVA | ETZ. \
£y
pr ARy
IRRIGHNTES  SROWD %
e ’ Z

TREEDS MOMG DRAINAGE SIKICTURE




135

8. Shade Trees (i O{f-Farm)
In many parts of dryland Africa, the most striking impact of tree planting
rograms can be observed near houses, in compounds where people live.
grotection is easier and questions of ownership arise less where trees are
growing inside family compounds. A great diversity of species is found at
such locations, particularly introduced species and ornamentals. The neem
(Azadirachta indica), for instance, has found rapid and wide acceptance
throughout Africa as a shade tree.

The pollarding method can be used to harvest wood from shade trees,
particularly the neem (see Chapter 9, Harvesting Methods). The branches are
cut at a point about two meters above the ground. They sprout back quickly
fon‘rjlir(;g a new crown, so that the tree continues to provide shade where
needed.

Shade trees planted in public places around government buildings, schools,

market places, churches, and mosques serve an important function. These are

areas where people congregate duning the day, and shade is an essential part of

the environment. These are also places where trees can be established and

;_naintaim._((ii quite easily by local people themselves with minimal assistance
rom outside.

Trees planted in public places usually need individual tree fences to protect
them until their branches are out of reach of free-ranging animals. Even after
they are no longer threatened by livestock, good local cooperation is needed to
keep people from over-harvesting the trees. For example, the twigs of the neem
tree are very popular in Africa for toothpicks. A seemingly harmless practice
like breaking off an occasional twig can, however, stunt the growth of young
neems if the stems are continuously stripped by passers-by.

Although farmers generally try to restrict the amount of shade in areas where
crops are grown, shade trees are used to protect livestock from intense heat
during the day. Shade trees are particularly necessary wherever animals are
corraled or fenced in, and arcund watering spots.
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Soil Conservation Techniques

Soil conservation efforts protect the soil from the two primary forces of
erosion, wind and water. Windbreaks and dune stabilization are effective
methods of halting wind erosion. Planting trees and other vegetation in contour
strips or along contour ridges and gully control plantings are techniques used in
combination with physicafcontrol measures to reduce soil erosion from water.
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9. Windbreaks (Soil Conservation)

Windbreaks are strips of trees and other vegetation that slow the flow of the
wind, reducing wind erosion, evaporation, and wind damage to crops. They
are sometimes referred to as shelterbelts, although this term usually implies a
wider strip of vegetation, which incorporates more rows of trees and shrubs
than are usually found in a windbreak.

The most successful windbreak projects to date are those found on enclosed
farm lands and in some demonstration or gilot projccts under government or
grivate control. The major obstacle to windbreak establishment in other areas
as been the difficulty and high cost of protecting the t;ees against animal
grazing. Some large-scale successes have been achieved in areas where
onors, government agencies, and local people have worked ciosely together.

Highly impressive results have been observed in Niier, where crop yields
from fields protected by windbreaks are consistently higher than those from
unprotected fields. Studies conducted at a CARE project in the Majjia Valley
indicate that total yields are approximately 20 percent higher, even after
accounting for losses from land that has been taken out of crop production to
provide space for the windbreaks (Dennison, 1986 ).

Windbreaks have an especially high potential in farming areas where cereal
crops such as millet and sorghum are grown. The windbreak trees, if properly
harvested, can also lﬁrovide significant quantities of fuelwood and poles
without jeopardizing their primary function.

The effectiveness of a windbreak depends on how efficiently the wall of
vegetation blocks the wind and confines the wind's turbulence to the zones
close to the windbreak. A vegetation density of 60 to 80 percent seems to work
best in arid zones. A barrier dense enough to block wind passage completely
will cause turbulence close to the %i'ound, loosening soil particles that can then
be picked up by the wind. As well as removing needed topsoil, wind that is

carrying soi ganicles causes damage to crops through the abrasive effect of the
sediment load on plant tissues.
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A row of trees that provides less complete wind reduction will also ensure that
the effects of the wind are felt further away. Gaps or openings in the
windbreak should be avoided as much as possible. Wind is funneled through

gaps in the tree rows, concentrating its force and speed, so that the final effect
can be very damaging.

Windbreaks can furnish protection for downwind areas up to 10 times the
height of the trees, provided the windbreak consists of at least two rows of
lants of different heights. Large trees should be chosen for one row (see A,
low). Fast-growing species can be mixed with slower growing, longer-lived
trees, depending on local preference. Row B should be composed of shorter
species, chosen if possible for their by-products, and rows C and D are
auxillary rows. These are planted wid); ower, bushier trees, shrubs, and
grasses. A well chosen vegetation mix for windbreak composition will not
only provide protection from the wind, but will yield secondary products as
well.
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This windbreak is protecting the cropland from high winds.
which would carry away topsoil and make the land useless for farming.

Windbreaks and shelterbelts can be laid out to include roads, trails, or
driveways for livestock. In this way, animals and geople can benefit from a
shaded passageway that otherwise would be very hot. Any path through the
windbreak should be at an oblique angle rather than perpendicular to the tree
rows. This will allow Feo&le and livestock to move through the windbreak
without opening a gap for the wind to roar through.

Some other points to consider about windbreaks:

o The selection of species for the windbreak should follow the general
guidelines given for the different rainfall zones. Good selections can be
made from species protected by law. Use only species that local residents
themselves have chosen and value.

o Although double lines of Azadirachta indica have been used with
satisfactory results, a strip three or five lines wide is better. Low growing
bushes like Bauhinia, Combretacae, and Salvadora should also be
considered. The most efficient windbreaks are those with one or two rows
of low-growing shrubs or trees on the outside and two or three rows of
taller trees on the inside.

o The utility of the wider shelterbelts can be enhanced by the selection of
multiple use species for the middle rows. Acacia senegal has been used in
some areas, and species that provide locally consumed fruits and
medicines, such as Tamarindus indica, should definitely be considered.

o Frequently a combination of planting methods is highly practical when
establishing windbreaks. In other words, a combination of nursery
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transplants, live fencing, cuttings, and stumps can be used (depending on
the best titae of the year for planting in the area).

o Preparation and tirotection of the site involved are possibly more important
for windbreaks than for regular plantations. During the rainy season when
crops are being cultivated, the fields are effectively protected from
livestock; however, after the harvest the animals are usually allowed to
browse the crop residues left in the fields. Keeping the animals away from
the windbreaks during this time is difficult, and fencing in a long narrow
strip of land is costly.

o Where complex land ownership patterns exist, it may not be possible to
establish continuous straight tree rows across individual fields and parcels.
In this case windbreaks may be staggered so that they conform with
established boundaries such as borders of fields, roads, trails, streams,
and other natural or man-made features. Staggered windbreaks can also
provide the most effective protection around towns and villages, where
they are laid out in a pattem of overlapping blocks.

- A
" 9,
A’ FOLIAGE
C_)FIELDS
Shelterbelts

0 Another possible planting pattern is to line farm fields with wide wind-
breaks and to plant dispersed trees such as Acacia albida inside the field.
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o Many nurseries in arid zones could benefit from the establishment of a
windbreak to protect the seedlings from drving winds. The nursery
windbreak also serves as a demonstration to visitors to the nursery. If the
nursery is very small, however, a tall windbreak might cast too muck
shade on the seedlings.

10. Sand Stabilization (Soil Conservation)

Shifting and blowing sand causes great damage to farmland, buildings,
installations, and roads. Entire settlements can be threatened by the movement
of shifting dunes. Sand stabilization is an important aspect of revegetation and
conservation activities in many arid areas. Some of the most successful
examples of erosion control efforts have resulted from reforestation projects.

The best ﬁmtection against driftingeor blowing sand is to prevent the sand from
being picked up by the wind and becoming airbome. Conservation of existing
grass and other vegetation cover is necessary to hold the sand in place. Even a
small disturbance such as a footpath can start the process of erosion on fragile
dunes. Once airborne, drifting sand car be made to settle, nevertheless, and
can be kept from further shifting.

The first step is to determine why the natural vegetation has not recolonized the
area that is being eroded. Various options that will remove any constraints to
natural vegetation should then be considered. Often the problem is being
caused by animals. Under these circumstances, little if anything will be gained
by planting trees, unless access is first controlled.

There are basically two approaches to dune fixation: bioloEical and physical.
The best ultimate results are obtained when the open area where sand is picked
up can be permanently covered by vegetation. Biological methods include:

o Fencing off the area to protect it from animals, so that the vegetation can
regenerate naturally

o Establishing hedge rows of species such as Euphorbia balsamifera , which
can be successfully regenerated from cuttings even in areas where annual
rainfall does not exceed 300-400mm. Freshly cut branches of Euphorbia
balsamifera are partially buried in rows of shallow trenches. For further
details on propagation from cuttings, see Chapter 9.

o Direct seeding, particularly of grasses, but also of woody plants such as
vines, shrubs, and trees.
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o Transplanting seedlings from a nursery onto the site.

Certain vines and creeping plants are well ada%ed to grow in almost pure sand,
covering the ground with runners and shoots. With the sand thus held in place,
site conditions improve enough to permit the introduction of grasses and other
small plants. Eventually seedlings raised in the nursery can be transplanted
onto the site. This method of sequential revegetation gradually builds up the
soil and improves growing conditions for other plants.

Often before grasses and other ground cover can be reestablished, however,
ghelnaovement of the sand must be halted. Physical dune stabilization measures
include:

o Wind-baffles (palisades), which are constructed of a variety of materials,
generally whatever is locally available.

o "Fore-dunes,” which consist of sand or soil ridges set at right angles to the
major winds. They can be 1-5m high and stretch over hundreds of meters
in length. Heavy construction equipment is required for large-scale efforts.

0 Mechanical surface stabilization, which is accomplished by covering
exposed areas to reduce further erosion. Plastic sheeting, nets, cloth or
some other fiber is used.

o Chemical surface stabilization, which involes spraying a binder (rubber,
oil, or plastic base) on the surface to bind particles together. Grass seeds
and mulgh can also be mixed with the binder and sprayed on the area to be
protected.

Preference should be given to biological control measures whenever possible
because of the high continuous maintenance costs of the physical methods. In
exposed situations where plant survival is limited, however, some physical
construction is needed for initial plant establishment. The construction of wind-
baffles or palisades can be justified if low-cost materials are locally available.
This barrier can take many forms and be made of a variety of materials.

Wiy TONE
>——.\7 STASILIZAT o
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Windbreak fences used for sand stabilization

Stems and poles (3-8cm in diameter and up to 2m long) can be used to
construct a diamond pattern of criss-cross rows across areas of open sand.
Branches of tamarisk can be staked out in dense rows, or fences can be woven
from branches of species such as Guiera senegalensis to construct the palisade.
By breaking the force of the wind, the palisades keep the exposed sand from
being picked up, and the sediment load already carried by the wind is deposited
in or behind the barrier. Sand will become entrapped in such rows, and ridges

will gradually form. Plant growth then becomes possible in the protected areas
behind the ridges.

TYPICAL WIND BARRIER. PATTERN
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Fenced in squares and other sand trags can also be constructed of materials as
basic as bundles of millet stalks or other crop residues. Additional possibilities
include palm fronds, sticks, branches, cardboard, or any material that is
reasonably sturdy, easily available, and low cost. Some of the problems that
may be encountered in maintaining the barriers include damage from animals

and termites that are atiracted to then} for food. Where sand accumulations are
heavy, the barriers may have to be raised or added to periodically.

The following steps are followed in implementing a dune fixation project:

1) Establish a perimeter around the area to be treated, either with fencing
material or by establishing a live fence.

2) Construct a network of palisades to prevent sand movement by cross
currents. The primary gridlines should be perpendicular to the direction of
the major prevai!inf winds, and the secondary lines should be at right
angles to the principle lines.

3) Once the grid of palisades has been established and the movement of sand
has been effectively reduced, veﬁgtation can be introduced into the
protected areas. Use methods described under biological control.

4) Begin protection and maintenance efforts. Voluntary participation,
cooperation, and commitiment to the project objectives on the part of the
local inhabitants is essential.
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Before beginning a sand or dune stabilization project, planners should consider
the following:

o Dune fixation is not an appropriate conservation investment if the area
that is being threatened by shifting sands has no inherent value. Unless
some benefit will accrue in terms of protection of farmland, homes, or
other property, the cost is prohibitive. Furthermore, those who will gain
the most from the project should also be willing to exert the most effort,
particularly in terms of sustaining and protecting the vegetation cover.
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o Dune fixation projects should not be undertaken without first carefully
evaluating tragitional and current land use attitudes, especially those
governing grazing and wood cutting. If these are incompatible with the
restrictions needed to protect the vegetation, then changes in land use
policies must take placeIl)Jefore dune fixation activities are initiated.

o The shifting of live dunes is influenced by a complex set of variables, and
may change with the seasons. It is worthwhile to observe and measure
dune movements for a period of 12 months before starting stabilization
activities.

o Except under extreme desert conditions, it is more effective to stabilize the
zone of origin of the shifting sand, rather than concentrating efforts on the
areas where the sand is being deposited. It is important, therefore, to
determine the location from which the sand is being removed by the wind.

o Project sites that are close to or within actual desert zones will require more
il:gtelr‘lsive efforts to stabilize shifting dunes. Maintenance inputs will also be
igher.

o The more exposed a specific location is to the wind (near the crest of large
dunes, or in saddles between ridges), the more difficult it is to establish
vegetation. Physical protection is often needed. If it is not possible to use
physical control measures, however, the area can still sometimes be
stabilized after the top has been lost to wind erosion.

o Locally occurring trees and shrubs have great resiliency. In species
selection, the indigenous vegetation should receive priority over exotics,
particularly for large-scale projects.

o A few outstanding examples are on record of communities that have
controlled sand encroachment for generations, alone and unassisted by
outside organizations. Local agglroaches may be more appropriate for a
gani.cular site than imported techniques that rely on heavy investments and

oreign equipment.

11. Contour Strips (Soil Conservation)

The most likely, logical place to use trees and shrubs to halt erosion caused b
water is across slopes, particularly where hillside cultivation is practiced.
Properly maintained trees and shrubs, planted in combination with grasses and
other vegetation, can effectively control surface runoff, therebfr reducing soil
losses. One successful technique involves establishing parallel vegetation
bands along contour lines.

These contour strips will reduce runoff from the slopes above if they are
designed and maintained to ensure a dense, multi-layered permanent ground
cover. The ground surface is protected by successive layers of litter, grasses,
other ground plants, bushes, and trees. A dense vegetation belt will not only
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D= Distance between contour strips W
W= Width of the band of vegetation in the contour strip

stop or slow down runoff, but will also trap soil particles suspended in the
water that have been removed from the more exposed areas between the strips.

Correct dimensioning of the D and W variables indicated in the illustration
above 1s important. Many factors affect the spacing of the strips, but the degree
of slope is the most important. If previous etforts to establish contour strips in
the area are available for study, these sites should be observed for evidence of
erosion to determine if the dimensions are in proportion. Conservation services
may also have tables or formulas appropriate for local site conditions. If no
information of this kind is available, dimensions can be calculated using the
following table as a rough indication of spacing.

Slope W(meters) D(meters)

0 2 50

5 4 47
10 5 43
20 8 38
30 10 33
40 13 28
50 17 24
60 20 20

Basis: 0-600mm mean annual precipitation

In areas with rainfall between 600-1,000mm: increase W by 20%
decrease D by 10%

In areas with rainfall greater than 1,000mm: increase W by 50%
decrease D by 20%
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Revegetation efforts on these strips can be approached in many ways. To
simply establish some groundcover, scarification of the ground along the
contour may be sufficient site preparation. Furrows can be dug by hand or
using a harrow or disc blade. More intensive effort may consist of additional
seedbed preparation, for instance, loosening up the soil surface and raking
along the contour. Direct seeding of desirable trees and shrubs may be feasible
for such species as .’ ~icaena leucocephala. Some trees can be established by

cuttings. The most d.~ct, but also most costly, method of establishing contour
strips 1s by planting nursery raised scedlings.

The primary consideration for species selection should be local preference,
because the contour strips take a certain percentage of the land out of
cultivation, even though they are intended to increase productivity of the total
area. Many different species can be used, some in combination with each
other. Fruit trees are often a high priority on farmland. In other areas, trees that
produce poles for construction, rafters, and fences may be preferred, such as
Casuarina equisetifolia or Tectona grandis.

Particular attention should be given to vegetation layers nearer the ground
surface. Fodder plants, such as Guinea, napier, or elephant grasses, may be of
interest for feeding to penned livestock. Perenniel bean species, produced on
small woody shrubs for human consumption, may appeal to the local
inhabitants. Contour strips can be a good location for introducing new species
on a small-scale, experimental basis as well.

12. Trees Along Contour Ridges (Soil Conservation)

For information on the various applicable soil conservation measures that
involve construction of contour ridges, or terraces, or excavation of infiltration
ditches, a number of texts are available for arid areas in the tropics. The Centre
Technique Forestier Tropical (CTFT), the Centro Agronomico Tropical de
Investigacion y Ensefianza (CATIE), the International Council for Research in
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Agroforestry (ICRAF), and the United Nations Food and Agriculture
Organization (FAQ) have all published handbooks and technical materials on
the subject. In addition, many of the bilateral donor organizations have
developed standard texts on the subject during the past decade. Construction
designs and extension materials have been developed specifically for certain
countries, among them Honduras, Kenya, Burkina Faso, and the Philippines.
See Appendix E for a list of information sources and bibliography for related
m(z]itcn s. See also Chapter 7 for discussion of micro-catchments and contour
ridges.

There is still relatively little information available, however, that deals with the
effective combination of biological and physical erosion control measures.
Vegetation, especially trees and shrubs, can play a vital role in increasing the
effectiveness of soil and water conservation efforts. Properly established and
managed woody plants can reduce maintenance and costs on hillside erosion
control projects as well.

The following sketches show some specific, typical cases where trees and
shrubs can make an important contribution to physical ridge or ditch

formations along the contour lines of sloping surfaces.
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13. Gully Reclamation (Soil Conservation)

Permanent vegetation, especially shrubs and trees, can reduce bank or channel
bottom erosion as long as the flow of water is not too powerful. Vegetation can
also help stabilize mechanical protection materials, such as large rocks
positioned along banks or bottom (rip-rap), wire mesh boxes filled with rocks
(gzllbipps), or bales of straw or branches staked in place to reduce water
velocities.

Gullies present special problems, because they occur on steep slopes, and even
brief peak flows can cause serious damaiclz. Gully erosion is difficult to reverse
once It has gotten started, and it can quickly destroy valuable agricultural land.

To prevent the formation of gullies along waterways, line the banks with trees
and shrubs, as has been described above under Water Course Alignment (7).
Trees, shrubs, and other vegetation can be established within the gullies to
control further erosion and to help rebuild the soil layers that have been
removed. Improperly placed trees can, however, have the undesired effect of
narrowing the channel and increasing the speed of steam flow. The following
sketches show how to combine vegetation with mechanical gully erosion
control methods for optimal results.
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@ SPECIAL SUBJECTS

Fire
Uses and Prevention

Mention has already been made of the need for firebreaks around both the
nursery and the permanent planting site. These serve as protection from fire.
Fire does, however, have some important positive uses.

In arid zones, fires are used to burn off old grass. Once that growth is gone,
fresh tender grass is more likely to sprout. This hanens &uite quickly and can
help bring relief to starving herd animals. It also limits the tendency of scrub
trees and bushes to take over the grass range.

Where vegetation is plentiful, methodical burning is a traditional method of
clearing land before planting, keeping snakes and insects in check, ridding the
soil of crop diseases, and driving wildlife into traps or within range so that
they can be killed for food.

Fire requires oxygen and fuel; if either is eliminated, the fire will not burn. Fire
prevention and control consist of removing one of these elements. Normally,
the easiest to remove is fuel.

Firebreaks

Prevailing winds in sub-Saharan Africa tend to be high and constant. Thus the
Esipread of a fire can be reasonably well predicted, and the necessary width and

irection of firebreaks fairly accurately calculated. Firebreaks should be
constructed at right an§les to the direction of prevailing winds, with secondary
lanes dividing the resulting strips of land or trees.

The high winds dictate wide fire lanes in order to minimize the danger of a fire
jumping the lane. Inside 1fwlanting areas, maintenance and access roads can be
combined with strips of cultivated land, adding additional width to the
firelanes. As previously mentioned, good protection has been achieved by
clearing strips of land 15m wide of all vegetative matter and allowing the land
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to be used for cultivating beans or as roadways--either use guaranteeing
elimination of dry grasses and weeds.

Plowing the natural vegetation under provides only temporary relief; in the long
run, the area becomes a greater fire hazard. Disking and plowing eliminate
perennial plants, but make more room for annuals, which tend to become
dense and dry. When this happens, the fire spreads more rapidly in the
firebreak than on the adjacent land.

Firefighting

Most firefighting efforts are limited to what materials can be found on the spot.
Provided the fire is not yet large or too hot, the front of the fire can be attacked
directly with branches, brooms, and mats. This is an effort to beat out the
flames and kill the fire by shutting down its supply of oxygen.

CONTHOLLED
BURNING OF
SMDLL. AWEA

Backfires can be quite effective, particularly in areas where the normal
vegetative cover is sparse, the prevailing winds are constant, and necessar

control lines can be constructed quickly and easily. A backfire is simply a small
controlled fire started in the pa& of a larger fire. The backfire destroys fuel,

and thus halts the larger fire, which has no new fuel to bum.
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More on Fencing

The following illustrations show ways of constucting fences to keep out the
widest possible number of animals.
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When using wire for fences, the wire must be stretched tightly between the
fence posts if the fence is to remain strong. Tension can be maintained alon§
the fence by making sure that the wire is stretched tight(liy between posts, an
that it cannot slip out of place. When the wire is placed correctly, each post
exerts an equal pull against the next post, and this et}llual pressure creates a
tension that keeps the fence posts strong and in place. However, if the tension
on one section of the fence 1s lessened, the posts in this section will begin to
lean toward that part of the fence having the stronger pull, and the fence will
become weaker and weaker.

Tension becomes harder to maintain as fences get longer or when there are
larger spaces between posts. It is generally a good idea to use a line brace
every 120-150m. A line brace is pictured below. Sticks are inserted into loops
in the wire as shown. These sticks can be twisted to tighten the wire and
thereby increase tension.

| i
U -
LINE BRACE ByERy 120~ 150M

Using a Deadman

Corners and openings (for roads, gates) require additional bracing for strength.
One such way of providing extra support is by using a deadman. A deadman is
simply a heavy stone or block of cement or piece of metal used as an anchor.
One end of the fence wire is wrapped securely around the deadman, which is
then buried in the ground where it can serve as a permanent anchor. The
illustrations following give a clearer idea of the use of the deadman.

A sloping trench is dug as shown. The fence wire is placed around a rock or
piece of metal. About midway along the wire, between the top of the post and
the deadman, a stick is inserted into a loop of the wire. This stick can then be
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twisted as necessary to tighten the wire and maintain tension. The deadman is
laced in the hole so that the wire is tight, and there is a strong diagonal pull.

e dirt is piled back into the hole and packed down tightly around the
deadman.

The following figure shows one deadman being used to support two posts.

The deadman is creating a pull on the posts equal to that being created by the
tension of the wire being stretched in the opposite direction.
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Single deadman anchoring two posts.
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A deadman is not the only wag to sulc)iport a comer. The illustration presented

here shows how rocks can be used to strengthen corner posts and help
maintain tension on the wires.
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A Self-Closing Gate

Any strong %’c’ue that closes tightly is fine. A self-closing gate, however, is
even better. People passing through do not have to stop, put down their loads,
close the gate, and pick up the load again before going on. Most important, the
gate cannot be left open to let animals through by accident.

The gate shown on the following page consists of a strong frame with a
diagonal base. Wire fencing material is stretched between the pieces of the
frame. The gate is supported by a pair of heavy, well-greased strap hinges.
The gate operates very simply: when the gate opens, wood piece "C" swings
away from post "F" and pulls the rope through the pulley. The gate closes
when the weight on the end of the rope pulls wood piece "C" back into
position.

To Make This Gate:

o Wood piece "C" attaches to the gate at the hinge side. "C" should be about
one third of the length between posts "A" and "B" (length "AB").

o "C"is braced by pieces "D" and "E."

o Strong cord or rope is attached to the end of "C" and passed through a
pulley. The end of the cord is attached to a large rock or other weight.

o Post "F" prevents the gate from opening too far. Allow room for the pulley
and knot for attaching rope to "C."

0 {{inges, pulley, and weight must work easily for the gate to close proper-
y-
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o Gate opens outward from the protected area so animals

not push it
open. No latch is necessary.

0 ?hate posts are braced to prevent the pull of the wire fencing from tilting
em,

0 .A.lthnngh pieces "C," "D," and "E" can be made of wood, it is better to
use iron if at all possible.
—
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Propagation by Cuttings

Vegetative propagation is the asexual reproduction of individual plants, as
opposed to reproduction from seeds. Various methods include grafting,
budding, layering, tissue culture, and cuttings; these can be used for different
purposes. There are numerous advantages to using vegetative propagation
methods; among these the most important are that:

o Seedlings develop rapidly.
o Genetic origin can be controlled.

o Some plant species can only be reproduced asexually. For other
species, vegetative methods may be preferred because seed
supplies are unavailable or unreliable.

Of the several possible vegetative propagation techniques, one of the fastest
and easiest ways to reproduce seedlings is through cuttings. This technique can
be used both in the nursery and directly in the field, although only certain
species lend themselves readily to this process.

A few species, such as members of the Euphorbia, Commiphora, and Tamarix

genera, which can be established on site from cuttings, also respond well to
vegetative pmé)agation in the nursery. Other species, which can be rooted in
the nursery an transglanted to the site once the root system is fully developed,
include: Albizzia lebbeck, Azadirachta indica, Cassia siamea, Erythrina
seneganensis, Ficus gnaphaloc'clzg)a, Guiera senegalensis, Moringa oleifera,

Prosopis juliflora, Tamarindus indica, and Ziziphus mauritiana.

An important feature of some tree and shrub species is that cuttings can be
established directly at the site where they are to be permanently located. This
saves time and expense by bypassing the need for initial propagation in the
nursery. Of particular importance to arid areas are species that require relatively
little rainfall and soil moisture. Euphorbias and Tamarix can be propagated this

way on very dry sites that receive no more than 200mm per year.

For species that must be produced in the nursery, plastic pots or specially
prepared cutting beds are used to start the new plants. The cuttings mus$ not be
allowed to dry out, or their ability to regenerate new roots will be diminished,
if not destroyed. The pots or beds must have both good water retention
capacity and good drainage. The rooting medium should have a high organic
matter content; chaff from grain husks can be added to the soil mixture for this
purpose. Cuttings started in the nursery are often initially shaded to reduce
moisture loss as well.
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It is important to adhere to specific procedures for selecting the plant material,
and preparing the cuttings. If the prescribed methods are not followed, survival

I g )-SEPEPE. SV, ST Y. Y ___

resuits may be disappointingly low.
Plant Material Collection

The age of the plant material is a primary consideration in collecting cuttings.
Rooting responses in plants are controlled by hormones and auxins. The
juvenile tissues of some plant species show more active rooting responses than
those of older stems. New growth should not be used for cuttings, however,
as only wood that has one l%ll year's growth will have buds that will develop
during the rootin& process. The ogtimal diameter for plant material selection
will vary with different species, but is generally within the range of 1-2cm.
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Healthy, vigorously 6growing specimens should be selected. The criteria
described in Chapter 6 under the heading of Seed Tree Selection, can also be
applied to the choice of genetically appropriate parent trees for cuttings. The
genetic origin of the plant material is even more important in vegetative
reproduction than in propagation from seeds, because the individual parent
trees are cloned. The reproduced seedlings have the identical genetic makeup as
the plant from which the cuttings are taken, unlike offspring from seeds, which
will inherit only some of the characteristics of the seed tree.

Cuttings should be taken from dormant plants, so collection of plant material
normally takes place during the dr[\i season. The stems should have several
buds that have not yet begun to swell or open. A sharp blade should be used to
get a clean cut. It is often a good idea to mark the root end of the cutting in
some manner, so that it will not be accidentally inserted in the ground upside-
down. To prevent cuttings from drying out, store them in glastic bags and
protect them from the sun until they can be planted, preferably as soon after
coliection as possible.

Sometimes cuttings are treated with synthetic substances that stimulate root
formation. This is done by dipping the end of the cutting into the rooting
solution before placing it into the ground. Although rooting solutions can
improve overall plant response, they are not required for many species.

Preparing Cuttings

Just before placing the cuttings in pots or beds, remove about 1cm of stem
from the root end of the cutting by making a clean diagonal cut. This is done to
remove the tissues that have been exposed to the air, and that consequently are
less likely to regenerate. The freshiy cut stem can then be placed in ﬁxe round
or in pots, with 5-10cm above (Fround. It is important to make sure that the
cuttings are completely surrounded by soil, with no air pockets.
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Preparing Cuttings for Planting

RENONE. BASAL PISCARDED
FORTION OF CUTTING PACONM.
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Planting Cuttings

Shallow Planting _
The followin§ bprocedure was developed under a project in Ni%\?r for on-site
'/

rX glzgisosn) of Euphorbia balsamifera cuttings. (Government of Niger, Project

o Length of cuttings: 50-100cm

o Diameter of cuttings: 1-2cm (although thicker stems can give satisfactory
results, provided they are started during the cool season).

o Provenance/Variety: The natural vegetation found on dune soils will be the
best source of plant material for dune stabilization efforts.
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o Depth of hole: 30cm (minimum depth: 20cm)

o Other important requirements: Cuttings must be planted at their final loca-
tion no later than 24 hours after they have been cut from the parent plants.
To stimulate latex flow, cut a few centimeters of the base of the stem with a
sharp blade immediately before placing it into the ground.

o Seasonal limitations: There are two periods during the year in Niger during
which the best response to propagation from cuttings was observed:

--November to February (coolest months) for all cuttings;
--May to mid-June (hot period before rainy season) for young stems

only.
o Spacing: For complete area coverage, a grid pattern of 2m x 2m (shown
below) has given good results at several sites. For establishment of live

fencing or for the construction of wind-baffles for dune fixation, single or
multiple rows of cuttings are laid out according to the diagrams below:
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Deep Planting

Another technique for establishing plants from cuttings directly on the site is
the deep planting method. Dune afforestation with tamarix cuttings has been
quite successful where the following procedures have been used:

o Using a 2-inch soil auger, carefully bore a hole through the dune sand to a
depth of two meters. If the sand at the bottom of the hole is dry, choose
another spot and try again.

o In the bore holes where moist sand is encountered, insert a tarrarix cutting
dee&:ly in the hole. Cuttings up to 2m in length have been tricd using this
method and early rooting and survival results have been over 80 percent.

o Backfill the hole with the cutting in place. This can be done by first pouring
2-4 liters of water down the hole, which will settle the sand at the bottom.
Then refill the remaining hole space by hand.

The deep planting technique described above has been successfully used in
propagation of other tree species as well. Sometimes a deep pit is uF rather
than a bore hole. Deep planting may also provide a solution to problems of
establishing trees in soils high in salinity.

NORMAL PLAWST PEEP PLANTING
PROCEDURE NG

COWNTER.: SN PLANTING -
TREES PLANTED BY USUbL- DURFACE SO- 100 CM
FEOR S . oo AR
LN :
+ OCCABIONALLY
RAVE T© EE
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Organizing Planting Operations Using Cuttings

A well organized plan of operation is necessary to ensure that the work can be
carried out efficiently, following the correct procedures for vegetative
propagation. This plan should include the following elements:

o Coordination of crew assignments, vehicle and equipment needs,
collection of planting material, and planting operations

o Training of work crews in how to collect and prepare the cuttings, planting
methods, and proper spacing. Work crews should be familiar with the
planting site and should be instructed in the plan of operation.

o Location, size, and extent of the natural occurrence of the planting stock
must be surveyed.

o Once the stems have been cut, they should be planted with as little delay as
possible, at least within 24 hours.

o Although the actual planting process is simple, quality controls are necess-
ary for good survival. In the case of Euphorbias, for example, failure to
make fresh cuts at the base of the stem, to dig deeply enough, and to
backfill properly, can result in high mortality rates.

o Initial efforts should not be overly ambitious, especially when working
with a crew that is not highly experienced in propagation techniques.

Other vegetation can be introduced along with the cuttings, to achieve as close
to complete vegetation cover as possible. The following species and methods
are suggested:

o Panicum turgidum: this drought tolerant grass can be direct seeded using
the same methods as for millet or sorghum.

o Cassis occidentalis: this sturdy plant is sown in pockets or broadcast.

o Balanites aegyptiaca, Acacia raddiana, Leptadenia pyrotechnica, and
L. hastata: these and other indigenous trees and shrubs can be seeded
directly or raised in pots and transplanted at the site.

Harvesting Methods

Many of the tree and shrub species mentioned in this text have the capacity to
regenerate new growth from stumps, roots, or branches after being cut. This
survival mechanism probably evolved in response to fires and drought. In arid
areas where it is sometimes difficult to re-establish trees once they have been
cut, this adaptation is a particularly valuable characteristic. Wood products can
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be repeatedly harvested from such trees and shrubs without destroying the
plant.

The time of year that cutting or harvesting occurs can influence the sprouting
response. Generally it should take place while the plant is dormant. Species of
Eucalyptus seem to be fairly flexible as to the time of harvest, but more
resee;rc:lfnJ is needed to determine the optimal cutting period for these and other
species.

The tools that are used to harvest the stems and branches may also affect the
plants’ ability to send out new shoots. There are some indications that saws,
especially chain saws, may damage the cambial tissues to the extent that
sprouting is inhibited. Machetes or axes, which may give a cleaner cut, and
which are in any case more widely available in rural Africa than saws, may be
the best tool for harvesting if regeneration from sprouts is desired. More
research is needed on this subject as well.

Several different harvesting methods allow the plant to regenerate through
sprouting. The ones that are described here include coppicing, pollarding,
lopping, and pruning. Because these terms have been mentioned elsewhere in
the text without being defined, short descriptions of each technique are
provided below.

Coppicing

This is one of the most widely used harvesting methods for arid land species.
When the main stem has reaclzed the desired dimensions, it is cut at the base of
the trunk. New shoots develop from the stump or roots. These shoots are
sometimes referred to as suckers or sprouts. Only three to four of the most
vigorous shoots should be allowed to continue to grow to full size; the others
should be cut back to prevent competition for growing space. In subsequent
harvests the sprouted stems are removed.

Several rotations of coppicing are usuall{ Lgossible with most species. The
length of the rotation depends on the size of the specific wood products that are
needed. Some species, such as Leucaena leucocephala can be coppiced on a
yearly rotation for more than 30 years in more humid zones. Eventually, after
several harvests, sprouting vigor will diminish, although this period of viability
varies for different species.

Coppice harvesting is a particularly suitable method for production of
fuelwood. Coppicing can also be used to increase the density of windbreaks.
Most Eucalyptus species and many members of the legume family as well as
most naturally occurring shrubs (Combretaceae,Terminaliae, etc.), can be
harvested by coppicing.



168

Pollarding

With this harvesting system, all of the branches--including the top of the tree--
are removed, while the main trunk is left standing. After the branches are cut,
new shoots are allowed to sprout from the main stem to form a new crown.
The main stem continues to increase in diameter, although not in height. When
the tree loses its sprouting vigor, the main stem can also be cut for use as large
diameter poles. An advantage of this method over coppicing is that the new
shoots are high enough oft the ground that they are out of reach of most
grazing livestock.

The neem tree, Azadirachta indica, is usually harvested in this manner, and its
branches can be used for poles, fuelwood, and toothbrushes. Because it is
widely tKlanted as a shade tree, pollarding is usually more appropriate for
neems than coppicing. Neem trees can be pollarded as often as twice a year;
however, it is important to allow the tree to become well established before the
first cut. Some other species that also respond well to pollarding include
Eucalyptus spp. and Grevillea robusta.

Lopping

Lopping is a form of harvesting in which only some of the branches are
removed. Usually the lower branches are cut, while the upper part of the
crown is allowed to continue to grow. New branches then resprout along the
lower portion of the stem. This harvesting method can be used to reduce
shadin%when trees are intercropped with other species. As with pollarding,
the cut branches are used for a variety of products.

Lopping can also be used to shape a main trunk with a long, clear bole, if the
purpose is to produce wood that can be sawn into planks. In this case any new
shoots that sprout from the trunk should be removed to prevent the formation
of knots in the wood. Branches and shoots should be trimmed as close to the
main stem as possible.

Pruning

Pruning, as a harvestinﬁl system, usually involves the removal of smaller
branches and stems, but these clipgings can constitute a major source of wood
for fuel and other purposes. Pruned branches are also used as a mulch between
tree rows in alley cropping systems.

Pruning is often required for the maintenance of fruit and forage trees, alley
cropping, and live fences. For fruit trees, pruning is undertaken to stimulate
fruit production and to open up space in the center of the crown, thus
facilitating harvesting of the fruit. The same principles can be applied to
encourage leaf formation for production of forage. Pruning can also increase
the bushiness of trees and shrubs when they are planted for live fencing.
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LOPPIENG HARVESTING  METHODS
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Species Identification



Appendix A

SPECIES IDENTIFICATIONS

This appendix identifies 165 of the species found in West African
lands by pictures, Latin names, and common names. Synonyms (other
Latin names) for a species, common names in up to 12 languages,
and some very brief notations on uses of a species are given where
this information is available; it is not intended to be definitive.
A1l the species which appear in Appendix B, where further informa-
:;gn 1: givgn, are included here, with the notation "Also see
ENDIX B."

Pictures include leaves, branch configurations, fruits, flowers,

and inflorescences (arrangement of flowering branches and the flowers
on them). They are not labelled individually, but the different
ftems should be recognizable. There 1s no consistent scale

relative to 1ife-size. Illustrations are drawn from Flore Fores-
tiere Soudano-Guineenne by A. Aubreville, Flore Il1lustree du

‘Sene al and Flore du Senegal by Jean Berhaut, West African Trees

by Dr. D. Gle » and Trees for Vana Mahotsava by 5. K. Seth,

M. B. Raizada, and M. A. Waheed Khan. The artists are J. Adams,

M. J. Vesque, Jean Berhaut, Douglas E. Woodall, and P. Sharma.

A NOTE ON LATIN NAMES

. The genus and species of each tree appear in boldface type
(genus first, specfes second).

. An abbreviation of the name of the author of the tree name
follows the boldface type in lighter faced type.

. "var." means variety. The name of the variety appears in
boldface immediately following the abbreviation "var."

An abbreviation of the name of the author of the variety
name follows the name of the variety in 1ighter faced type.

. "L." is an abbreviation for “"Linnasus,' a Swedish botanist
who initiated the development of this present, widely used
system of nomenclature.



Drawings in this appendix are reprinted, with permission, from the
following sources:

Aubreville, A., Flore Forestiere Soudano-Guinéene, Paris,
Société d'Editions Geographiques, Maritimes et (oloniales,
1950.

Artists: J. Adams, M. J. Vesque

Berhaut, J., Flone T2fustale du S&négal, Direction des Eaux
et For8ts, Government du Sénégal, 1975.

Artist: J. Berhaut

Gledhill, D., West African Trees, London, Longman Group
Ltd., 1972.

Artist: Douglas E. Woodall



1. Acacia albida Del.

Also see APPENDIX B
SYNONYMS :
Faidheabia atbida (Del.) Chev.

Acacia carpa Hochst,
Acacia gay::.hm Benth.

ENGLISH gao FULANI  tlalkl
FRENCH geo HAL'SA gao
ARABIC harraz KANROUR! haragu
CHAD ARABIC erezas MORE zanga
BAMBARA balanzan SONGHA! gao
DJERMA geo WO.LOF cadde

2. Acacia ataxacantha D.C.

BAMBARA  bonsoni OJERMA  kougou
sofekaveni HAUSA goumbl
korr

Use for 1lve fences, posts, firewcod,
fodder (valuable), branch fencing

3. Acacia caffra Willd. var. campylacantha Aubr.

Also see APPENDIX B

SYNONYMS :

Acacia compylacantha Hochst., ex A. Rich.

Acaeda catechu W.

Acacia polycantha Witid. subsp. campylacantha
{Hochst.) Prenah

CHAD ARABIC &l guetter HAUSA karo

BAMBARA kuroko tserkakia
FULANIE fatariahi KANOUR! golawal
MORE guara




4. Acacia dudgeoni Craib. ex Holl.

Acacia sunegal var. samoryana Rob.
Acacia samdry

5. Acacia farnesiana Willd.

6. Acacia flava (Forsk.) Schwifth.
SYNONYMS :

Acgcia flava ver. atacoaensis
Acacia atacorensds

DJERMA  tamat HAUSA  tomat
menne



7. Acacia gourmaensis A. Chev.

not [itustrated

MORE gonpontall
gonsablega

Like Acacia mellifera In East Africa

9, Acacia lasta R. Pr.

SYNONYM: Acacia trentiniani A. Chev.
DJERMA  darngha HAUSA  akovia

K 10. Acacia macrostachya Reichenb.

BAMBARA ouenidle FULANI chidl»

kordontinlo patarhami
mbourour MORE karedege
DIERMA  goumbl guembaocgo

Use for edidle seeds, leaves to graze, !lve fences,
posts, flrewond, fodder {valuable), branch fencing




11. Acacia macrothrysa Harms.

SYNONYMS :
Acacia dalzielii Crailbd.

\a \

’ ST g\'\ .\\,,,\ Acacia prorsdspinnata Stapt.
:l‘v‘]:'l‘i‘|‘|‘v Y w‘\ \\) \ \‘\\'\\: ;\\.:\\‘f-;v- \‘\\“\‘ nﬂ 5 Acacia buchananii Harms
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12. Acscia pennata Wiild.

13. Acacia raddiana Savi.

SYNONYMS :
Acacia Loatilis Hayne
Acdcia {uumlata Guiil, & Perr.

CHAD ARABIC salale FULANI  chltluk!
BANBARA sayele HAUSA kendlt]
DJERMA bissau  KANOURE  kand!!




14, Acacia scorpioides (L.) var. nilotica (L.) A. Chev.
Also see APPENDIX B
SYNONYMS: Acacia nilofica (L.) WIlid.
Mimosa nilotica L.
Acacia arabica (Lam.) var. mifotica (L.) Benth.

FRENCH gonakler DJERMA banl
CHAD ARABIC sunta, charat, FULAN] gaudi
’ senet, sunt HAUSA  bagarua
BAMBARA barana MORE peguenega
dlabe
bolna

Found In fowlands; near water or In molst solls

15. Acacia scorpioides (L.) var. adstringens Bak.

SYNONYM: Acacia adansonii Guill. & Perr.

FRENCH gonakler DJERMA  bani

CHAD ARABIC sunta, charat, FULAN! gaud!
senet, sunt HAUSA bagarua

BAMBARA barana KANOUR!  kangar
dlabe kissay
bolna MORE peranangs

Found In highlands, In drler environments




16. Acacia ssnegal (L.) Willd.

Also see APPENDIX B
SYNONYM: Acacia verek Gulll. & Perr.

..\

d;)'
S

T4 ENGLISH gum arablc FULANI  dibehl
ﬁe’ FRENCH gommler patuki
N CHAD ARABIC esharat HAUSA  dakworo
f@. kitr al sblod KANOURI kolol
b;-‘ BAMBARA donkor | MORE goniminigs
'\3:" DJERMA danys

X

o

(gt

Source of gum arable
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17. Acacia seysl Del.

SYNONYMS: Acacia dfenocarpa Hochst.
Acaciz boboensis Aubr.

CHAD ARABIC talhaye HAUSA farin kaya
BAMBARA sagnie KANOUR)  karamga

DIERMA saykire MORE gompe | aga
FULANI bulkl

Use for firewood, fodcer
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REEEEE 18, Acacia sieberiana D.C.
s o
R

Also see APPENDIX B
SYNONYMS

Acacia verugera Schwelnf.
Acaeda singuinea Guitl. & Perr.
Acacda achmanniana

Acgeda villosa

wd‘- nonna

N.‘ACA‘A v m

Acacia nefasia Schwelnf.

N\ X
SAAP P PP
R ARV

BAMBARA bak!
FULANY gle dane]l
HAUSA Soud )l
dushe
KANOUR! katalogu
MORE golponsgo

19. Acacia stenocarpa Hochst.
var. chariensis A. Chev.




20. Adansonia digitata L.

Also see APPENDIX B

ENGLISH bacbab FULANI  bokkl
FRENCH baobab HAUSA kuka
CHAD ARABIC hahar KANOUR! kuka
BAMBARA slto MORE toaga
DJERMA konlan

Use for edible leaves and frult, bark
tfor fiber products

21. Adenium obaesum (Forsk.)
Roem. et Schult.

SYNONYMS:  Adenium ansbicum Pai$, ¢,

Adenium coetaneum Stapt,
Adeniwm hongkef A. x.

CHAD ARABIC kuka meru
BAMBARA

kongos!ta
FULAN! lekl peourl

HAUSA

3 L RE foukala sitand!




22. Adina microcephala (Del.) Hiern.

HAUSA  «<andanyarrati

23, Afrormosia laxiflora Harms.

FULAN! palahl

MORE tankon!!lga
HAUSA  makarfo




24, Afzelia africana Smith
FRENCH linguo HAUSA kawo

DJERMA koo KANOUR! gayo
FULANL gayoh! MORE kankalga

26. Albizzia chevalieri Harms.
Also see APPENDIX B

CHAD ARABIC ared HAUSA katsarl
BAMBARA golo trl KANOUR! tsag'e
, FULANL Jarlchi MORE ronsadonga
. RIIRI o nyebal
e WS
%ﬂmﬁ J’}%\; Use for fodder, constructlon, roots o repelr gourds
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26. Ampelocissus grantii (Bak.) Planch. (@/

HAUSA  rogon dajl
FULANI  gufugatal




29. Andira inermis HP. & K.

FULANY
HAUSA

27. Anacardium occidentals L.

Also sea APPENDIX B
Uses for edible nut (valusble),

flrewood, construction, soll
regeneration

28. Anclomanss difformis not illustrated

HAUSA cekara KANOUR! gazamangal

daluhl
madobla

gwaska
ovenlebende
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32. Azadirachts indica A. Juss.
Also ses APPENDIX B

ENGLISH Neem FRENCH Neem

Use for flrewood, poles,
construction, brush your
foeth with the bark

. Balanites aagyptiaca (L.) Del.
Also see APPENDIX B

CHAD ARABIC hajll] KANOUR! chingo
BAMBARA seguene bito
DJERMA gerbey MORE tlegaliga
FULANI tanni
HAUSA sdoud

Use for edible frults,
tirewood, too! handles,
soap, polson

34. Bauhinia reticulata D.C.

Alsc see APPENDIX 8

SYNONYMS: Bauhinia glahra A. Chev.
Bauhinia glauca A. Chev.
Pilicstigma neticulatum (D.C.) Hochst.

CHAD ARABIC harum HAUSA calgo

BAMBARA nlamabs KANOUR! kaldul
DJERMA kosseye MORE barani
FULAN] barkav}

Usa tor smokling wood




36. Berlinia grandiflora (Vah!)
Hutch. & Dalz.

SYNONYM:

35. Bauhinia rufescens Lam.

SYNONYMS :

Bauhinia adersoniana Guiil, & Perr.
Bauhinia parvifolia Mochst,

CHAD ARABIC kule kule
BAMBARA guesembr
DJERMA namar i

FULAN | nama |
HAUSA dirge
KANOUR( sisl
MORE tlpoega

Use for firewvocod,
madicine




37. Bombax buonopozenss Beauv.

ENGLISH kapok tres
FRENCH  kapokier

Use for kapok
{iber - not as
tine as Ceiba
(sse
£54, this ep-
pendix, and
appendix B)

38. Bombax costatum Pellegr. & Vuillet.

SYNONYM: Bombax (fammeum Uibr. i
ENGLISH kapok tres DJERMA  torogo

FRENCH kapokler FULANI  kuruhl

CHAD ARABIC johe HALSA kuria Use for kapok,
BAMBARA zoUmMbOY KANOURI vyelts edible leaves

MORE ouaks




39. Borassus asthiopum Mart.

Alsc see APPENDIX B
SYNONYM:

Bornssus fLlabellifex L. var.
asthiopum (Mart.) Warb.

FRENCH ronfer
CHAD ARABIC dslecb
DIERMA sabouze
FULANI dubbl
HAUSA glgunla
KANOUR ! gange
kemoluty

Use for termite-proof posts for
construction, fences, etc., leaves
and “stems" for fencing relnforcemant.
Slow growling.

40. Boscia angustifolia A. Rich.

BAMBARA diaba
gulnadiou
toutigul ¢

FULAN!  anzagl

HAUSA agajinl

KANOUR! marga

MORE kisinkinde




41. Boscia salicifolia Oliv.

CHAD ARABIC -nhksl

BAMBARA
DJERMA

FULANI
HAUSA

KANOURI
MORE

42. Boscia sanegalensis Lam.

\\\

CHAD ARABIC hemmet-moheb

bere
orba
dllo
gulguile
anzs
dlelow
bultus
nabedega
lambolga

Use for constructlion, edible trults
and seeds
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43. Boswellia dalzielli Hutch.
FULANI ancdokeh!  KANOUR!I kafl dukan

\/
\ ' HAUSA  hano

44. Bridelia ferruginea Benth.

BAMBARA babon! HAUSA kirnl
sagus KANOURI  zindl

FULANI  merant MORE tansaloga
dat}

Use for tirewood, fod ar

45. Burkea africana Hook.

CHAD ARABIC azrak ana
FULAN| kokob |
HAUSA bakin-makarfo
MORE slenrs
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48. Butyrospermum parkii Kotschy

Also see APPENDIX B

SYNONYM: Butyrospermum paradoxum (Gaertn. f.) Hepper

LoucG

shea nut tree
karite

CHAD ARASIC um kurum
DJERMA

boulangd

ENGLISH

FRENCH

Use for shea butter, hard wood for mortar




47. Cadsba farinosa Forsk.
CHAD ARABIC sirreh
BAMBARA

berekunan

temba
HAUSA bagay
KANOUR? marga

48. Calotropis procera (Ait.) Dryand

CHAD ARABIC rhalga
BAMBARA fugolri
ngounyo
FULANI bambami
HAUSA tumfatya
KANCURI

43. Capparis corymbosa Lam.

CHAD ARABIC mardo
HAUSA haujari~rutane
KANOUR pldo

demsa




50. Capparis tomentosa Lam.

SYNONYM:
Capparis polymorpha A. Rlch.
CHAD ARABIC gulum

HALSA haujari
KANOUR zajl

Use for fodder

51. Cassis siamea Lam,

Also ses APPENDIX B
FRENCH cassla

Use for construction,
firewood, windbreaks
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63. Cassia singueana Del.

SYNONYM:
Cassia goratensis Fres,

CHAD ARABIC shadorat~

al bashima
FULANI runfuhl

watliIhl
HAUSA rumfu
KANOUR | tugulele
MORE gue leponsgo

Use for fodder, flrewood

,' 62. Cassia sieberiana D.C.

CHAD ARABIC sirelh
BAMBARA

DJERMA
FULANG
HAUSA
KANOUR |

MORE

sinia
sinedlan
samturl]
malagahi
malgs

badin 2ikki
marga

komb [ssaka

Use for hard flrewood




b4, Ceiba petandra (L.) Gaertn.

Also sse APPENDIX B

SYNONYM:
Eniodendron oaientale

ENGLISH slik cotton tree
FRENCH f romager

CHAD ARABIC rum

FULANI bantahl

HAUSA riml

KANOURI tom

MORE gunga

Best source of kapok flber

55. Celtis integrifolia Lam.

CHAD ARABIC abun gatu
BAMBARA goud

kamaguan
FULANI gank!
HAUSA dikkl

Zuwo

kouka
KAROURI nguso
MORE tintigelige

Use for fodder, firewood




57. Cochlospermum tinctorium Perr. |\ Y
3

CHAD ARABIC maghr
FULANI Jarunda)

68. Combretum aculsstum Vent,

BAMBARA ouclo FULANI  bularal
xontl oualo
DJERMA  bouboure




59. Cornbietur: binderianum Kotschy

HAUSA  fars gern

60. Combretum ghasalense Engl. & Diels

SYNONYM:
Combretun dalzielil

/ HAUSA  bakin

taramnya
KANOUR!  zindl

1)

SEEE)

b 'S‘ 3 .

= f’w&%ﬁ 61. Combretum giutinosum Perr.

; *’?,.?‘Vm.’,’,ﬁ CHAD ARABIC hebl! HAUSA  taramnys
a:-ﬁ%‘n“@ BAMBARA demba KANOUR! katsgar
s DIERMA kokorbe MORE kwenga
T 4 FULANE buskl

Use for gun, firewood, chercoal




62. Combretum glutinosum var. passargei Aubr.

HAUSA  taremnya

63. Combretum hypopilinum Diels

HAUSA  jan
taramnys

64. Combretum lamprocarpum Diels

SYNONYM: Combretum veatielllatum

HAUSA  taramnya




65. Combretum micranthum G. Don,

BAMBARA kolche HAUSA gleza
DJERMA  koubou MORE  tandags
FULANEL  tTaifl

gugumi

Use for hut sticks, madicine,
gum, flrewood

66. Combretum molle R. Br.
2x G. Don

SYNOHYMS : §
Combaelum velutinum 0.C.
Combretum sckodense
Combretum Leonense

FULANI damoruh!
HAUSA  wuyan daho

SYNONYM:
Combretum Lecananthum Engl. & Dletls.

BAMBARA dliangara
DJERMA  dellignla
FULANI  doklgorl
HAUSA dagera

MORE kuarehtuaga



#8. Coumiphora africana (Rich ) Eng].

SYNONYMS:  FPalsanorindron zizicam arn,
Heudelotia aliicana Rich.

CHAD ARABIC hbarkat HAUSA dash!
gafal KANOURI kabl
FULANI bsdadl MORE kodzatabege

Use for llve fences

69. Cordia abyssinica R. Br.

SYNONYMS: Cordia afriecana Lem.
Cordia ubanghensia Chev.
CHAD ARABIC birjjuk HAUSA altliiva
ngirtl KANOUR! aluba
FULANI Hitbent

Use for edible frult

70. Corchorus olitorius L.

CHAD ARABIC mulckhiye
HAUSA malafya
KANOUR1 ganralno




SYNONYMS :
Counbonia pseudopetalosa Gilg. & Ben.
Haerua paeudopetalosa (Gilg.) de Wolt

HAUSA islo
KANCURI  kumkum

72. Crataeva religiosa Forsk.
SYNONYM: Cactaeva adanmsonii D.C.

CHAD ARABIC dabkar

FULANL fandam banl
HAUSA ungududu
goude
KANOUR! ngul ido
MORE kaetagaln-tohiga

. Crossopteryx febrifuga Benth.

SYNONYMS :
Crossdoptenyx africana Balli.
Crossopteryx kotschyana Fenzi.

BAMBARA ballimba HAUSA kast'ya

klenke MORE  kumronangs
FULANI  brako!l




74. Croton macrostachys Hochst. ex A. Rich.

SYNONYM: Crolon amabilis Muelf.

CHAD ARABIC deopa
HAUSA koribe
KANOUR|

mromro

75. Cussonia barteri Seem.
SYNONYMS :
Cussonia nigerica Hutch,
Cussonia kjalonensis

CHAD ARABIC bulukuntu

DJERMA karsbanga
FULANI dumarlahl
HAUSA takendar-glva

76. Dalbergia

1———-—.—4&,&,_;-, T




77. Dariella oliverii (Rolfe) Hutch. & Dalz.
SYNONYM; Paradaniellin olivead Rolfe.

FRENCH santan
CHAD ARABIC samelm
DJERMA tarmoy
FULANI kaharishi
HAUSA nje
KANOUR! maja
MORE . hongs

78. Detarium microcarpum
Guill. & Perr.

79. Detarium senegalense Gmel,

FRENCH moroda
CHAD ARABIC abulelle
DJERMA fantou
FULAN] konkeh!
HAUSA taura
KANOURI gatepo
MORE kagtega

Use for drum-wood




80. Dichrostachys glomerata (Forsk.) Hutch. & Dalz.

SYNONYMS:  Dickrostachys arborea N.E. Br.
Pichrostachys cimerea (L.} Might & Ara.
Dichroatachys nutans Benth.
Pichroatachys platycarpa Welw.
Gaitliea dichrostachys Gulll. & Perr.

CHAD ARABIC dhigingap  HAUSA  dundu

BAMBAFA gl lki-goro KANOUR! garblinna
ntilligul MORE sunsutiga
FULANT burit
patrutakl

Use for thorn fencling, medicine, root fibers

81. Diospyros mespiliformis Hochst.

CHAD ARABIC Jukhan MAUSA kanyan
FULANI nel’bl KANOURI  burgum

Use for edible fruit, flrewcod




82. Entada africana Guill. & Perr.

83. Entada sudanica Schweinf.

Also see APPENDIX B

CHAD ARABIC dorot HAUSA
BAMBARA dlemba KANOUR|

samaners MORE
FULANI fado-wanduhl

Use for firewood, medicine

tawatss
falofa

a
slanlogo




Also see APPENDIX B

SYNONYM:

Eucalyptus xostrata Schiecht. 2 -

86. Euphorbia balsamifera Ait.

SYNONYMS :

84. Erythrina senegalensis D.C.

BAMBARA timeba
lerung
HAUSA mag ) irya

tuphoabia xogeai N.E. Br.
Euphorbia ufu’m N.E. Br.

DIERMA  berre
FULAN}  yero
megara
HAUSA agous
KANOUR! yaro
megars

Uss for Live hedges




CHAD ARABIC Jemelz HAUSA baoure
sl ablad KANOURT  tarmu
BAMBARA nituro cbbo

toro n'toro Jvl ol
FULANY yibe MORE kankanga
e &

use for adible frylt, medicine, boerk

88. Ficus ingens Miq.

SYNGHYMS :
Fieus bamund Hutch,
Ficusd lutex Vah,

BAMBARA  turu

HAUSA kawurl

KANQURI  busugu

MORE kampsera-mangs

p
»'\\
A
T .
\

CIN
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. Ficus iteophylla Miq.

SYNONYMS :

Ficus bongoensis Merb.
Ficus spragueana
FULANI  sekeh!

HAUSA shirya
KAROLRI nja-nja

Use for tirewocod




90. Ficus platyphylla Del.

SYNONYMS :
Ficus bibracteata Warb.
Fleus wmbrosa Werb.

CHAD ARABIC jJemelx

ol ahwahar
BAMBARA n'kobo
FULANY dundeh!
HAUSA gamj!
KANOURI ngabare
MORE kempsaogo

NV VYN NN

Use for shade, medicine

91. Ficus polita Vahl

SYNONYMS: Fleus niamniamensis Warb.
Fieus stenosiphon Warb.
Ficus syringifolia Warb.
Ficus syringoides ward.

CHAD ARABIC dJimeimb  HAUSA duruml
azrak KANOURI rita

FULANI 1itahl MORE pampanga

92. Ficus thonningii Blume

CHAD ARABIC Jemelz HAUSA  tchedia

el abled KANOURI Joja
BAMBARA dubale MORE kusga
FULANI biskehl

Use for medicine



93. Ficus vallis choudas De!.

SYNONYM: Ficus schweinfurthil Miq.

HAUSA  dulu

94, Fluggea virosa (Roxb. ex Willd.) Baill.

SYNONYMS :
Fluggea microcarpa Blume
Fluggea virosa Buch.-Ham, ex Wall.
Secunincga microcarpa (Blume)
Pax & Hoffin
Phyltanthus virosus Roxb.

HAUSA daghlrto
tsa

KANOUR! shim shim




95. Gardenia arubescens
Stapf. & Hutch.

CHAD ARABIC am mififens
BAMBARA

m'bure
mUSSAMA
DJERMA sinesan
FULANI dingall
HAUSA gaoude
KANOUR! gursime
gogut
MORE tankorah-gonga Usa for dye

96. Gmelina arborea Roxb. not {1lustrated

Also see APPENDIX B
ENGLISH melina

Use for soft wood (for matches, hoxes, etc.)

97. Grewia bicolor Juss.

CHAD ARABIC atesh
FULANI laloko
KANOURI djimdjime
MORE tonlaga

Use for edibie frult

98. Grewia flavescens Juss.

CHAD ARABIC gueddeb
HAUSA kamanmoa
KANOUR! karnal
MORE somkondo




\ P
\ //j}"’ 99. Grewia mollis Juss.
/>
\\’/{( ‘/7“/ CHAD ARABIC ghebbesh  HAUSA  dargaza
BAMBARA nogo hogo  KANOURI karno
N l" FULAN] kellt MORE mun I muka
\\ V74 Use for salt from ashes
Ny
‘ g
9
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100. Grewia villosa Willd.

SYNONYM:
Grewia corylifolia

\ t// Guill. & Perr.

101. Guiera senegalensis Lam.
Also ses APPENDIX B

CHAD ARABIC kabeah

BAMBARA kudlengbe
DJERMA sabara
FULANI gel loki
HAUSA sabara
KANOURT kasasal
MORE unulga

Use for flrewood, seeds for
dysentery medicine



102. Gymnosporia senegalensis Loes.

SYNONYM:
Maylenus senegalensis (Lam.) Excell

BAMBARA n'guigue HAUSA naml)In-tsada
tole MORE  tokuvugur!
FULANI  tultulde

103. Hannoa undulata Planch.

BAMBARA  dlafulate - 2
FULANI  bummere p4
badl
HAUSA takandar
glwa

T
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104. Heeria insignis (Del.) 0. Ktze.

SYNONYMS : .
Anaphrenium abyssinicum Hochst,
Rhus insignis Del.

BAMBARA kalskarl HAUSA kasheshe
FULANI  baci MORE nllnore



4

105. Hibiscus asper Hook. \\ , .
not {1iustrated W / é
(=
FULANI follere
HAUSA yakuwar
da}l
'KANOURY  karasu . "
106. Hibiscus cannabinus L. y SR Y ,/ ]
CHAD ARABIC t11 4 =
1ibe A
FULANI gabal L
mR‘ ram: ) //“ ~
ngala ﬁ *
Hibiscus asculentus L. ~

107.

not tilustreted

CHAD ARABIC bamiya
takeyl
kubews
nubalto

FULAN!
HAUSA
KANOUFR

108. Hymenocardia acida Tul.

BAMBARA tanloro

FULANI  yawa sotoje
bodeh!

HAUSA Jan-yaro
djan-11che

Use for red-colored




109. Hyphaene thebasica (L.) Mart.

FRENCH doum FULANI  geltohl
CHAD ARABIC dom HAUSA goriba
DJERMA kangau  KANOURI kerzun

Use for construction, edibie frult

110. Isoberlinia dalzielii Craib & Stapf. not Iliustrated

SYNONYM: Tsobealinia tomentosa (Harms.) Cralb, & Stapf.

BAMBARA sau HAUSA fara doka
slo MORE  kaisaka
FULANI  kubahl

111. isoberlinia doka
Craib & Stapf

HAUSA  doka




112. Khaya senegalensis Juss.

ENGL I SH African "mahogany"
FRENCH callcedrat

CHAD ARABIC muray

BAMBARA disla

DJERMA farel
FULANI dalehl
call
HAUSA madad !
KANOUR | kagam
MORE kuga

Usa for fodder

113. Kigelia africana Benth.

SYNONYMS :

Kigelia acthiopica Decne,

Kigelia agricana ver.
aethiopiea Aubr.

CHAD ARABIC kouk

FULANI glrisht
HAUSA rahmna
baounta
KANOUR| bulungu
MORE dindon

1imbl




114. Lannea acida A. Rich.
Alsc seo APPENDIX B

FULAN1  faruhl
HAUSA farou
KANOUR! adarazagal
MORE pekuni

sabga

Use for edlbie frult

T

e

\“4 115. Lannea afzelii Eng|.

SYNONYMS .
lannea glabberima Engl. & Krause
« \LS lannea grossularia A. Chev,
¥ o4 lannea nigaitanc. (Sc. E11.) Keay
HAUSA  daoya

Use for medicine

116. Lannea humilis (Oliv.) Engl.

SYNONYMS : Lannea baginmonsis tngl.
Odina ({Lis Ollv,
KANOUR{ kurubulyl
117. Lannea oleosa not !liustrated

SYNONYM: Odina acida




118. Leptadenia lancifolia Decne.

SYNONYMS :
Leptadenia hastata (Pers.) Decne.
Cymanchum hasiatum Pers.

CHAD ARABIC sha'alob

FULANI
HAUSA
KANOURI

FULANI
HAUSA
KANOURY

120.

yehl
yadlys
njars

119. Leptadenia spartium Wright

SYNONYM:
Leptadenia pyrotechnies (Forsk.) Dec.
CHAD ARABIC marakh

sabale
kalumbo
kar (mabo

Lophira alata Banks

SYNONYHM:
Lophina Lanceolata
Von Tlegh. ex Keay

BAMBARA mans

FULANI  kareh! gorl

HAUSA nant]in
kadal




. Maerua angolensis D.C.

CHAD ARABIC shegars

el zoraf
BAMBARA bre-bre

kokal |
FulsNIL leggal

bull
HAUS A clciwa
KANCURI abchl
MORE kesslge

Usa for fodder

122. Maerua crassifolia Forsk.

CHAD ARABIC rorhale

sarah
BAMBARA bered!iou
FULANI sogul
HAOSA Jiga
KANOURI Jige
MORE kossiga

Uso for too! handles,
f1irewood, fodder

123. Menotes keratingii

FULANI  Jangl
HAUSA farin rua

.-4','1.\'11.\1'/41;‘\:‘*
VAT

..n.v.\\'mt'nmm.“
| ’\‘v 2" d




124. Mitragyna inermis O. Kuntze

SYNONYM:
Ritragyma africana Korth,

CHAD ARABIC ngato

BAMBARA dloun
FULANI koll
HAUSA gul JeJa
KANOUR! kawu |
MORE . lloga

Use for firewood, medicine,
fish baskets

125. Momordica balsamina L.

HAUSA garafun)
KANOURI  dugdoge




126. Moringa pterygosperma Gaertn.

SYNCNYM:  Moringa oleifera Lam.

CHAD ARABIC alim

FULANI guilgandan!
HALSA 2ogolangandi
KANCURI allum

MORE argentiga

Use for edibie leaves

127. Nauclea esculanta

not 1ltustrated

FULANY  bakurehl
HAUSA tefashiya

128. Nauclea latifolia Smith

D NN
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129. Nymphaes lotus L.

CHAD ARABIC slttelb

FULANI tabbers

HAUSA bado
KANOUR! dambl

130. Ormacarpum bibracteatum Bak.

HAUSA fashkars
glws
KANOUR!  sabrem

131, Oryza barthii
not |llustrated

HAUSA shimkafa




132. Ostryoderris chevalieri Dunn &

SYNONYM: Ostayodearnis afuhlmannii /
(Toub.) Dunn ex Harms. ‘;
BAMBARA  mussa sana ! ]
fugu “ "
HAUSA burdl ,
MORE baombanko ’ —

133. Parinari curatellaefolia Planck.

FRENCH pommier du cayor HAUSA rura
DJERMA  gumsa gawassa
FULANI nawarre-badi KANOUR| mande

134. Parinari macrophylla Sabine

FULANI newarre
HAUSA  gawasa
MORE ouamtanga

Use for edible frult




1356. Parkia biglobosa Benth.

Also ses APPENDIX B

SYNONYMS ¢
Parkia clappertonia Keay
Mimosa biglobosa Jacq.

FRENCH nere
CHAD ARABIC malto
BAMBARA nere
DJERMA dosso
FULANI narghl
HAUSA dorowa
KAHOUR| runo
MORE rouags

Use for edible fruit

. Parkinsonia acculeata L.

Also see APPENDIX B

DJERMA  sassa ban!
HAUSA sharan abl
KANOUR! sharan labl

Use tor firewood, !lve

fencing, windbreaks,
sol! cover

137. Phoenix dactylifera L.

not tllustrated

ENGLISH date palm
FRENCH paimler dattler
CHAD ARABIC tamrel
FULANI bukki

dibinobl
HAUSA dabino

KANOURI difono




Y

Also see APPENDIX B

‘g ”.—é” 138. Poupartia birrea {Hochst.) Aubr.

139. Prosopis africana Taub.

Also see APPENDIX B

SYNONYM:
Prosopis oblonga Benth.

BAMBARA guele
FULANT  koh!

HALISA kirlya
KANOURI  simaim
MORE nluri-segue

Use for constructlon,
woodworking, charcoal,
tanning

SYNONYM: Sclexocarya birrca Hochst.

FRENCH dine HAUSA danya
CHAD ARABIC homeld KANOUR!  kumagu
BAMBARA kuntza MORE nobega
FULANI her |

Use for edible frult,
light woodworkling




140. Prosopis juliflora (Sw.) D.C.

Alsc see APPENDIX B i
L,
SYNONYMS : Y,
Prosopis chilensis (Moi.) Stuntz %)
Ceratonia chilensis Mol, 2
' /"/f'\':l'

ENGLISH (USA) mesqulte A0,

Ui }l///l/:f}
Use for fence posts, flrewood, S
live fencing, windbreaks, \\\\:f
fodder B N

= =3 m ntitnumnili
% 5= _L
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141. Pseudocedrala kotschyi Harms.

SYNONYM:
Cednala kotschyi Schwainf.

FULANI  bodo

HAUSA tuna
KAMOURI  kmgarakagum
MORE seguedere




142. Pteleopsis suberosa
Engl. & Diels.

SYNONYM:
Pieleopsis keratingil Glig.

HAUSA  wyan demo

Use for fodder

143. Pterocarpus erinaceus Poir.

FRENCH vene
BAMBARA dlabe
DJERMA tolo

FULAN]  banuhi

gaodi
HAUSA madobla
KANOUR!I buwa

MORE pempe | aga

Use for flirewood, flowers
for sauce, & construction




144. Raphionacme brownii Sc. Elliot

FULAN!  fugore
HAUSA rujlya
KANOURI gudagar

145. Salvadora persica L.

CHAD ARABIC arak FULANI  hirohl
siwak HAUSA talaokia

BAMBARA hiriguesse KANOURL babul

DJERMA hiro MORE frak

Use leaves for stocksalt

146. Securidaca longipedunculata Fres.

CHAD' ARABIC alali

BAMBARA dlota
FULANIL alalt
HALUSA magunguna
¥ANOUR! gazaboro
MORE pelaga

Use for flrewood




147. Sterculia setigera Del.

SYNONYM:
Steaculia tomentosa Gulil. & Perr.

CHAD ARABIC shadarat

ai damn
BAMBARA koko

konguranl
FULANI botboll
HAUSA kukukl
KANOUR! sugubo
MORE pupungs
Use for gum

. Stereospermum kunthianum Cham.
CHAD ARABIC @ess

arad
BAMBARA moge kolo
FULANI golombl
HALISA sansam|
KANOUR | golombl
MORE vulga

nihllenga

Use for tirewcod




149. Strychnos spinosa Lam.

SYNONYMS :

Strycknos counteti Chev.
Staigchnos dulels Chav.
Staychnos emarginata Bak.

BAMBARA  kankoro HAUSA
FULANI  kumbija KANOU

Use for edible frult

Staychnos gracillima Glig.
Staychnos Lokua A. Rich.
Staychnos volbensii Gilg.

koklya
Rl torla

150. Stylochiton warneckii Engl.

not iljustrated HAUSA gwanda!
KANOUR! ngura

161. Swartzia maclagascaraensis Desv.

HAUSA gwaskia
gema fada




1562. Syzygium guineense D.C.

BAMBARA kissa
FULANI  asurahl

m maimo
Rl kunar

153. Tamarindus indica L.

Also see APPENDIX B

ENGLISH tamarind tree
FRENCH tamarinler
CHAD ARASIC tamr hindl
BAMSARA tomb1

DJERMA bossaye
FULANI Jtetami
HAUSA tsamiya
KANOUR1 tamsugu

MORE pousige

Use for Julce from frult,
woodworking, charcoal




164. Tevminalia avicennioides Guill. & Perr.

SYNONYMS :
Teaminalin dictvoneura Dlels.
Teaninalia Lecandid Engi. & Dlels.

BAMBARA oudiotlen!  HAUSA bauch!

DJERMA  farkahanga KANOURI kumanda A
FULANI  bodeyl barbar S
MORE kutruagaie v#
Uss for toddsr, flrewood, roots ' /}i N
tfor dys 4 4
{ .

. Tetrapleura andongensis Weiw.
var. schweinfurthii Aubr.

SYNONYMS :

Tetrapleura obtusangala Welw.

Tetraplewna nilntien Taub.

Tetraplonra schwednfurthii Taub.
Amblygonocarpus andongensis Welw. ex Ollv,
Amblygonocarpus schweinfurthii

FULANI  Jigareh! HAUSA kirys to mats
tsage




166. Trichilia emeticu Valh.

FULANI  besz!
bakurch!

HAUSA kusa
Jansaye

MORE kiklramtange

‘R \
167. Uapaca somon Aubr. & Leandri
SYNONYM: Uapaca Logoensis Pax S
BAMBARA  somon
FULAN!  bakurghl
HAUSA katafago
KANOUR! goramf |



158. Vitex cuneata Schum. & Thonn.

Also sea APPENDIX B

SYNONYMS:

Vitex chariensis Chev.

Vitex elenhowshil Kotschy & Perr.
Vitex doniana Sweet

Vitex paludosa Vatke

CHAD ARABIC

umruguliguh  FULANI galblhl
BAMBARA sokoro HAUSA dumn Jaa

koroba KANOUR 1 ngaribi
DJERMA bo~-1 MORE andega

Use for edible fruit, light
woodworking, teavaes for

dysentery medicine

159. Vitex diversifolia Bak.

SYNONYM: .
Vitex sdmplicifolia Oliv.

BAMBARA  kotonl
FULAN! bummeh
HAUSA dinyar




160. Xerowiphis nilotica (Stapf.) Keay not 11lustrated

SYNONYMS :

Randia nilotica Stapf. FULANI  glolgotl

Lachnos{phonium nil-Lcum (Stapt.) Dandy HAUSA kwsnacla
KANOUR! bantatal

161. Ximenia americana L.

SYNONYM:

CHAD ARABIC kaito

BAMBARA tonkain
guanl
FULANI chabull
sene
HAUSA tsada
KANOUR | dadin
MORE ieanga

Use for edible fruilt

162. Ziziphus abyssinicus Hochst. ex A. Rich.

not 1llustrated

SYNONYMS :

Wziphus atacorensis Chev.
Liziphus baguinmine Chav.

CHAD ARABIC nabaga

DJERMA dare
FULAN! gulum Jab!
HAUSA magar{n-kura

KANOUR1 kuiulu bina



Also see APPENDIX B

CHAD ARABIC karno

FULANI kurnahli
HAUSA kurne
KANOURI korna

Use for edible frult (bitter)

. Ziziphus mauritiaca Lam.

SYNONYMS:
2Uziphus maurnitiana Lam.
Uziphus onthacantha D.C.
Uziphus jufuba (L.) Lam.

CHAD ARABIC nabagale

BAMBARA tombaron
nlama ba
FULAN! Jall
barkevl
HAUSA magaria
KANOUR | kusulu
MORE mugunuga
bagandre

Use for sweet edible frult,
& leaves

164. Ziziphus sieberiana
not lllustrated
HAUSA magaria-kura




Appendix B

A Field Guide to 30 Tree Species
Commonly Found in Africa




Acacia albida Del.

Synonyms : iaidhznbia albida (D:l.) Chev.
cacia gyrocarpa Hochst.
Acacia saccharata Benth.

Common Names: ENGLISH gao FULANI  tiaiki
FRENCH gao HAUSA gao
ARABIC harraz KANOURI haragu
CHAD ARABIC araza MORE zanga
BAMBAFRA balanzan SONGHAI gao
DJERMA gao WOLOF cadde

Legal Restrictions: Cutting and Removal

GENERAL DESCRIPTION

Large tree, growing as tall as 10m with a large spread-out
crown. The bark is dull grey, fissured and scaly. Branchlets
are white; spines are thick, white, straight and point down-
ward. Leaves are grey-green; 3-10 pairs pinnules and 6-23
pairs leaflets. A. albida flowers with creamy vhite blossoms.
Seeds are dark brown inside yellow pods which are 8-15cm long.
A. albida 1s highly valued in conservation efforts. It is

the only species which loses its leaves during the rainy
season; therefore, farming under these trees is not only possi-
ble but profitable.

SEEDS

Source: Strong, healthy parent trees.

Collection: Collect pods from ground; seeds ripen January -
February (Upper Volta).

Watch for small-size worm holes -- worms destroy

the seeds.

Extraction: Mortar/wind separation.

Storage: Stores well.

Pre-Treatment: Necessary; soak in hot water or scarify hull.
NURSERY

Pots/Open-rooted: Only grow in pots because of long tap root.

Time: 10-14 weeks for good size plants. Earlier
seeding may be required so plants get some-
what larger before hot weather.

Other Notes: Attempts to collect young plants in the wild
not successful because of long tap root.

Frequent root pruning required because of tap
root. Watch for caterpillar and locust attacks
which destroy young leaves. Spray with
ordinary insecticide.




PLANTING/SITE REQUIREMENTS

Soil: Sandy soil; grows well in same type of ground where

millet grows (ask farmers). Also can be grown in
heavier soils and will stand occasional flooding.

Water: 350~-500mm mean annual precipitation;,may be necessary

to water newly planted trees in areas where preci-
pitation 1s at the low end of the scale.

Direct Seeding: Can be tried under good conditions. Seeds can be

fed to livestock. Livestock then graze over the
desired area and eliminate seeds with their manure.
Leads to natural regeneration.

Other Notes: Do not disturb potted mix more than necessary when

USES

transplanting. Wide spacing of plants (10m X 10m)
is required.

Good soil conservation tree (can lead to higher yields of
crops planted underneath).

Pods good food for cattle.

Branches useful for fences.

Leaves used for animal feed.

Wood -- for carving.

Bark contains tannin.

SPECIAL

NOTES

Introduction of Acacia albida is considered important and worth-
while by many farmers, a fact which helps gain acceptance of a
project using this tree.

A. albida trees have reached heights of 2 to 4m after only three
and four years of growth (Niger and Upper Volta).

It i{s not clear yet just how much Acacia albida does enrich
the ground around the tree.

Young trees are hard to protect. The young branches and leaves
are enjoyed by animals; young trees are small and hard to see and
may be lost during hoeing if not marked. It is usually necessary
to protect these trees for 5 - 8 years depending upon area and
site conditions.

The benefits of planting Acacia albida,in terms of initial invest-
ment,are not clear. Thus, it may be hard to justify a project
when seeking funds from certain agencies. However, to eliminate




grazing so that the tree can regenerate naturally is harder to do
than to raise the young plants in protected areas.

-- A, albida until recently was able to regenerate naturally because
the seeds were eaten by and passed from the bodies of animals.
Now land and grazing pressures have increased so much that the
young trees are being destroyed by browsing animals and cleaning
operations.




Acacia caffra Willd. var. campylacantha Aubr.

Synonyms : Acacia campylacantha Hochst., ex A. Rich.
Acacia catechu W.

Acacin polycantha Willd. subsp. campylacantha
(Hochst.) Prenah

Common Names: CHAD ARABIC al guetter HAUSA karo
BAMBARA kuroko tserkakia
FULANI fatarlahi  KANOURI qolawai
MORE guara

Legal Restrictions:

GENERAL DESCRIPTION

Tall, slender tree. Short, curved spines. Seed pods are flat
and thin and hang in clusters. Brown seeds are small, flat,

and thin.

SEEDS
Source: Strong, healthy trees.
Collection: Pods mature January and February.
Extraction:
Storage:

Pre-Treatment: Put in hot water and soak overnight.
NURSERY

Pots/Open-rooted: One project planted 50 pots with 3 seeds each.
41% of seeds germinated.

glﬁgé Notes: Good germination; grows rapidly.

PLANTING/SITE REQUIREMENTS
Soil: Heavy soil, has adapted to variety of conditions.
water:. Along water courses.

Direct Seeding:

QOther Notes:




. Localized use for construction purposes. Heartwood very hard
and resistant to insects.

. Leaves used for fodder.

. Bark yields tannin.

SPECIAL NOTES




Acacia scorpioides (L.) var. nilotica (L.) A. Chev.

Synonyms: Acacia nilotica (L.) Willd.
Mimosa nilotica L.
Acacia arabieca (Lam.) var. nilotica (L.) Benth.

Common Names: FRENCH gonakier DJERMA bani
CHAD ARABIC sunta, charat, FULANI gaudi
senet, sunt HAUSA  bagarua
BAMBARA barana MORE peguenega
diabe
boina

Legal Restrictions: Classified as "Specially Useful"; Cutting and
Removal.

GENERAL DESCRIPTION

Small or medium tree 3-8m with long white or grey spines and
very dark, almost black, fissured bark. It grows rapidly.
Balls of yellow flowers, narrow whittish grey flatiened pods.

SEEDS

Source: Strong, healthy trees.
Collection: Seeds ripen in November-December, Upper Volta,and
December-January, Niger.
Extraction:
Storage:
Pre-Treatment: Soak overnight.
NURSERY

Pot/Open-rooted: Pots
Time: 14-18 weeks
Other Notes:

PLANTING/SITE REQUIREMENTS

Soil: Heavy soil

Water: Likes a 1ot of water. Plant where water table is
close to surface. Will do well even in areas
where periodic flooding occurs.

Direct Seeding:



SES

Live fences and windbreaks. Pods and bark provide natural tanning
material.

SPECIAL NOTES




Acacia senegal (L.) Willd.

Synonyms : Acacia verek Guill. & Perr.
Common Names: ENGLISH gum arabic FULANI  dibehi
FRENCH gommier patuki
CHAD ARABIC asharat HAUSA dakworo
kitr al abiod KANOURI kolol
BAMBARA donkori MORE goniminiga
DJERMA canya

Source of gum arabic

Legal Restrictions: Cutting and removal. The nature, site, and pro-
pagation requirements of this species place 1ts
development, protection, and production under
control of forest services.

GENERAL DESCRIPTION

Bush or small tree usually less than 5m high, but sometimes is as
tall as 9m. Bushes are low-branched with flat crowns and form
thickets. Pale brown or grey bark. Branches have short, curved
thorns or spines in groups of 3. Grey-green leaves, 3-6 pairs of
pinnules and 8-18 pairs of leaflets.. A. senegal has creamy white
flowers; prown seed pods which are flat and papery. Each pod con-
tains 1-5 greenish brown seeds. A.seneqal produces gum arabic
between ages of 4 and 18.

SEEDS
Source: Strong, healthy parent trees.
Collection: Seeds ripen in November-December, South-central Niger,
and January, Upper Volta.
Extraction:
Storage:
Pre-Treatment: Put seeds in hot water and soak overnight.
NURSERY

Pot/Open-rooted: Pots or open-root. One project planted 50 pots
with 3 seeds per pot. 27% germination.

Time: 14-18 weeks in pots.

Other Notes: Only fair germination.




PLANTING/SITE REQUIREMENTS

Soil: Sandy soils, dry savanna, abandoned fields or dunes
stabilized by grasses.

Water: Driest sites; 350mm mean annual rainfall.

Direct Seeding: Can be directly seeded easily. Watch for insect and
rodent damage.

Other Notes:

USES

+ Produces gum arabic, a money crop on world market.
. Live fencing.
. Source of tannin.
. Browse for animals.
Firewood and charcoal.

SPECIAL_NOTES

-= It 1s not known how this tree will grow in regions of heavier
rainfall.

-- Because this tree produces a special product (gum arabic), it is
being studied in many ways. Extension activities are underway to
advise people on how to get higher ylelds from tapping procedires
and how to market the product. Countries are seeking ways to in-
crease output of gum arabic for world markets.

-- It may be more feasible to protect and encourage natural regenera-
tion than to start extensive planting efforts.




Acacia sieberiana D.C.

Synonyms : Acacia verugera Schweinf,
Acacia singuinea Guill. & Perr.
Acacda n {
Acacdia villosa
Acacia {ischerid
Acacdia monga
Acacia v 0ensis
Acacia nefasia Schweinf.

Common Names: CHAD ARABIC kuk
BAMBARA baki
FULANI gie daneji
HAUSA boudji
dushe
KANOURT katalogu
MORE golponsgo

Legal Restrictions:

GENERAL DESCRIPTION

Acacia sieberiana 1s a large acacia, up to 15m tall. It has long
white, straight spines and fairly smooth, 1ight olive or yellowish-
colored bark. Crown is flat-topped, umbrella-shapped or irregular.
10-25 pinnules; 20-40 folioles. Seed pods are brown and thick-
skinned. The wood is semi-hard and termite resistant.

SEEDS

Source:

Collection:

Extraction:

Storage:

Pre-Treatment: Put in hot water and soak seeds overnight.

NURSERY

Pots/Open-rooted: Pots; one project planted 50 pots, 3 seeds per
pot. 8.7% germination.

Time:

Other Notes: Varying germination results.

PLANTING/SITE REQUIREMENTS

Soil: Prefers low-lying, heavy soil, but grows in a variety
of soils.




Water: Grows well in areas with higher rainfall.

Direct Seeding:

Other Notes:

USES

. Wood is easy to work with and is used to make tool handles and
other 1ight objects.

. Good firewood and charcoal.
. Bark is a source of tannin.
Some value in live fencing and windbreaks,
Produces a type of gum arabic.
SPECIAL NOTES




Adansonia digitata L.

Synonyms:

Common Names: ENGLISH baobab FULANI  bokk{
FRENCH baobab HAUSA kuka
CHAD ARABIC hahar KANOURI kuka
BAMBARA sito MORE toega
DJERMA konian

Legal Restrictions: "“Specfally Useful"; Cutting and Removalj

GENERAL DESCRIPTION

Large tree up to 18m tall with an enormous trunk. Roots which
extend far from base of tree. Seeds do not germinate well;
therefore, young trees in wild are hard to find. Adult tree
flowers with white blossoms; fruit hangs from long stem and is
good to eat. Seeds are acid and may be cooked or eaten fresh.
Leaves are palmately divided into 5-7 segments.

SEEDS

Source:

Collection: Seeds ripen December-February, Upper Volta,
Extraction:

Storage:

Pre-Treatment:

NURSERY
;gts/Open-rooted: Good results with open-rooted stock.
me:

Other Notes: In pot culture, some seeds can take up to a
year to germinate.

PLANTING/SITE REQUIREMENTS

Soil;
Water:

Direct Seeding:




Other Notes:

A major food tree of Hausas -- leaves driedand used for flavoring
sauces.

. Bark used to make mats, paper

SPECIAL NOTES




Albizzia chevalieri Harms.

Synonyms:
Common Names: CHAD ARABIC ared HAUSA katsari
BAMBARA golo ir{ KANOURI tsagle
FULANI Jarichi MORE ronsedonga
nyebal

Legal Restrictions:

GENERAL DESCRIPTION

Small to medium tree with a branching crown. Leaves contain
8-12 pinnules and 20-40 folioles. Pods are thin and oblong
andicontain flat round seeds. It is found throughout the
region.

SEEDS

Source:

Collection:

Extraction:

Storage:

Pre-Treatment: Put in hot water and soak overnight.

NURSERY

Pots/Open-rooted: Pots planted in one test -- 40 pots with 3 seeds

each -- showed 61% germination.
Time:

Other Notes:
PLANTING/SITE REQUIREMENTS

Soil: Sahel and Sudan zones.
Water:

Direct Seeding:

Other Notes:

. Primarily firewood.

Some uses for root fiber.

SPECIAL NOTES




Anacardium occidentale L.

Synonyms :
Common Names:
Legal Restrictions: The nature of the tree places its development

and production under protection of forestry
service programs.

GENERAL DESCRIPTION

Small spreading evergreen tree which grows to about 9m. Bark is
rough; flowers are small. Fruit is a kidney-shaped nut with a
hard covering which contains bitter black juice. Stalk of the
flower swells into a juicy pear-shaped body. A hardy tree for
planting in poor soil and dry areas.

SEEDS
Source: Ripe fruit.
Collection: Pick fruit from trees in late February, Southwest
Niger.
Extraction: Separate hull from fruit.
Storage: Leave in hull and dry; stores well.
Pre-Treatment: None necessary.
NURSERY

Pots/Open-rooted: Plant only in pots; open-rooted stock almost
impossible to transplant without root damage.

Time: 14-18 weeks in pots.

Other Notes: Plant seed with convex side up. Cover with
3cm of dirt. Watch for termite problems
during germination and again when transplant-
ing. Spray with Dieldrin or Chlordane.

PLANTING/SITE REQUIREMENTS

Soil: Will grow in many types of soil; grows well in
sandy sofl, low country up to 150m; grows weil
on eroded and other pocr sites.

Water: At least 500-700mm annual precipitation.

Direct Seeding: Possible; some projects have had good results;
many seeds are needed.

Other Notes:




USES

. Tree produces the cashew nut -- a valuable product in foreign
markets.

. Construction - packing cases; boat-building; firewood.
SPECIAL NOTES

-- Ideal tree for soil cover and conservation purposes.

-- Seems to grow in all soils, except for rock, down to about
500mm mean annual precipitation. However, in areas of lower
rainfall, the tree produces less fruit.

-- Bark contains up to 10% tannin.




Anogeissus leiocarpus Guill. & Perr,

Synonyms : Anogedissus schimperi Hochst. ex
Hutch & Dalz.
Common Names: CHAD ARABIC sahab
BAMBAPA krekete
WJERMA gonga
FULANI kojoli
HAUSA marike
KANOURI annum
MORE sigha
piega

Legal Restrictions: Classified as “"Specially Useful.”

GENERAL DESCRIPTION

Anogeissus leiocarpus is a medium to large tree which often gets
very tall. Leaves are small and lanced; fruits are small, yel-
lowish-brown colored cones containing many seeds. The wood is
heavy and hard.

SEEDS

Source:

Collection:

Extraction:

Storage:

Pre-Treatment: HNone necessary.

NURSERY

Pots/Open-rooted: Experiments with growth in pots proved non-
successful.

Time:

Other Notes: Slow growth discourages artificial propagation.
There has been 1ittle success in germinating.

PLANTING/SITE REQUIREMENTS

Soil: Moist, low-1ying soil along water courses.
Water: 900-1,200mm mean annual precipitation.
Direct Seeding:

Other Notes:




SES

. Hard wood useful for fence posts. Construction and woodworking.

. Ashes of the wood used for potash in soap-making and dyeing.
SPECIAL NOTES

-- This 1s an impressive tree because of its large size. But

growth 1s very slow, and discouraging nursery results make
its potential doubtful at the moment. More research is needed.



Azadirachta indica A. Juss.

Synonyms :
Common Names:® ENGLISH Neem FRENCH Neem

Legal Restrictions:

GENERAL DESCRIPTION

Moderate-sized to large evergreen tree (11m tall) with dense,
rounded crown. Grows fairly rapidly. Bark is thick and dark
grey. Flowers with bunches of small white blossoms, from
March to May; fruit ripens from mid-May.

SEEDS

Source: Local trees; use fresh seeds only.

Collection: For best harvest, clean area under tree and
collect freshly fallen seeds only.

Extraction: Soak seeds and pulp in water. Separate by
hand while under water; spread seeds out
to dry.

Storage: Seeds do not store well; viability drops

near zero within a few weeks unless special
storage is possible.

Pre-Treatment: None required, but pre-germinating in moist sand
helps reduce empty space in nursery. Bury
seeds in sand and keep wet for one week.

Plant only seeds which are swollen.

NURSERY

Pots/Open-rooted: Can be planted in pots -- good-sized trees in
3 months. Usually plantec as open-rooted

stock.

Time: Leave open-rooted stock 8-11 months (trees
average Im high).

Other Notes: Plant seeds in horizontal position in beds o
pots.

When transporting open-rooted stock, strip to
terminal bud and wrap roots. Keep roots moist.

PLANTING/SITE REQUIREMENTS

Soil: Grows on most kinds of soil, even clay; will grow
on rocky ground with good drainage; not suitable
for laterite outcrops.




Water: Plant in areas having 500-700mm mean annual preci-
pitation. Grows well where groundwater is avail-
able within 9-12m of the surface.

Direct Seeding: Works well in good locations; best to plant as
individual trees or in lines

Other Notes: Needs rain within 4-6 days after planting or
survival is doubtful.

. Firewood
- . Construction wood
. Fence posts, when treated with pesticide
. Reforestation furposes
Seeds yield oil for soap and burning

SPECIAL NOTES




Balanites aegyptiaca (L.) Del.

Synonyms:

Common Names: CHAD ARABIC hajiij KANOURI chingo
BAMBARA seguene bito
DJERMA garbey MORE tiegaliga
FULANI tanni
HAUSA adoua

Legal Restrictions: Classified as "Specially Useful"; cutting and
removal,

GENERAL DESCRIPTION

small or medium tree, up to 10m high, with small, oval, grey-
green leaves and long, strafght, green spines. Bark is greyish
green to brown and is fissured. Fruits resemble dates and are
yellow when ripe. The wood is hard and heavy and has a fine
texture. This tree 1s fairly resistant to termites.

SEEDS

Source:

Collection: Seeds ripen in September-October, Upper Volta;
October-December, Niger;

Extraction: Soa% fruit in water and separate seeds {rom
pulp.

Storage:

Pre-Treatment: Soak in lukewarm water overnight.

NURSERY

Pots/Open-rooted: Seeds planted in pots -- 50 pots, 2 seeds per
pot -- showed 61% germination.

Time: 18-24 weeks in pots.

Other Notes:

PLANTING/SITE REQUIREMENTS

Soil: Dry sites, prefers sandy soil which occasionally
floods.
Water: 350-500mm mean annual precipitation.

Direct Seeding: Possible and worth doing.
Other Notes:




Construction from 11ght woodworking to heavy carpentry
Fruit is sweet and is a favorite food

Animals, particularly camels, use for browse

Strong emulsions of fruits may be used to poison fish

SPECIAL NOTES

e ® s =

-- An excellent, all-around species well worth propagating,
efther in plastic pots or by direct seeding.

. == The wood is fine-grained, easy to work, durable, and
resistant to insects.




Bauhinia reticulata D.C.

Synonyms : Bauhinia glahra A. Chev.
Bauhinia glauca A. Chev,
Pitiostigma neticulatum (D.C.) Hochst.
Common Names: CHAD ARABIC harum  HAUSA calgo
BAMBARA nfamaba KANOURI kaldul
DJERMA kosseye MORE barant
FULANI barkevi

Legal Restrictions:

GENERAL_DESCRIPTION

Bush or small tree up to 6m with spherical crown. Leaves are large
grey-green color and consist of two distinct symmetrical lobes.
Bark 1s dark brown to grey or nearly black. Seed pods hang and

are large, thick and reddish-brown in color.

SEEDS
Source: Local trees.
Collection: Seeds ripen December-January; as early as
October, November in some areas (parts of
Upper Volta, for example).
Extraction:
Storage:
Pre-Treatment: Hot water overnight.
NURSERY

P?tsIOpen-rooted: Pots; 3 seeds per pot.
Time:
Other Notes: Poor germination results in nursery.

PLANTING/SITE REQUIREMENTS

Soil: Wide variety of soil, including sand, laterite
and heavy clay.

Water:
Direct Seeding: Possible.
Other Notes:




USES

. Firewood,

. Local medical purposes.

. Shade tree because of large crown.
. Bark contains tannin.

SPECIAL NOTES

-~ This is an abundant tree, and this fact makes it of ques-
tionable value for a nursery project. Nevertheless, it
should be encouraged in fallow areas by direct seeding or
cuttings.




Borassus aethiopum Mart.

Synonyms : Borassus fLabellifen L. var.
aethiopum (Mart.) Warb.
Common Names: FRENCH ronfer FULANI  dubbi
CHAD ARABIC deleb HAUSA  gigunia
DJERMA sabouze FKANOURI ganga, kemeiutu

Legal Restrictions: Cutting and Removal; the nature, site, and
propagation requirements of this species
place its development, protection, and pro-
duction under control of forest services.

GENERAL DESCRIPTION

Tall palm up to 25m. Stem is straight and smooth in old trees.
Bark is dark grey; fan-shaped leaves up to 4m long. Orange fruit
about 15cm long and 12cm wide. Each fruit contains 3 hard-coated
edible seeds surrounded by edible flesh. Hard, heavy wood very
resistant to termites.

SEEDS
Source: Local trees.
Collection: Pick from ground.
Extraction: Not applicable.
Storage: ]
Pre-Treatment: None required.
NURSERY
Pots/Open-rooted:
Time:
Other Notes: Not raised in nursery.

PLANTING/SITE REQUIREMENTS

Soil: Moist, low spots.

Water: Over 800mm annual precipitation; lowland areas
with high watertable; swamp grass sites.

Direct Seeding: Any method possible. Good results in likely sites.

Other Notes:




USES

Construction -- housing, fencing, etc. It is especially
useful as rafters in mudwall housing. It is rarely attacked
by termites and natural oils make it one of the most durable
natural post materials known.

SPECIAL_NOTES

Tree grows slowly. May take 10 years for good crown to
develop.

Borassus brings prices on the construction market almost

equal to imported structural steel.

Regeneration attempts have shown good results.



Butyrospermum parkii Kotschy

Synonyms:
Common Names: CHAD ARABIC sirreh HAUSA bagay
BAMBARA berekunan KANOURI marga
tamba

Legal Restrictions: Cutting and Removal.

GENERAL DESCRIPTION

Small tree with thick,dark-grey, deeply fissured bark and
long strap-1ike leaves. Flowers with white blossoms between
May and August. Mature fruit 1s green and about Scm long.
Each fruit contains one seed (shea nut); collected in July.

SEEDS

Source: Strong, healthy trees.
Collection: Find newly fallen seeds.
Extraction: Shells easily.

Storage:
Pre-Treatment: None required.
NURSERY
Pots/Open-rooted: Pots.
Time: 14-24 weeks 1in pots.
Other Notes: Plant with the point of the white part of the
seed down.
PLANTING/SITE REQUIREMENTS
Soil: Moist, medium-to-heavy soil;
Water: Above 700mm mean annual precipitation or along

mares and low spots.
Direct Seeding: Possibilities unknown.
Other Notes:



. Hard wood used for mortar.
. Hard to work but accepts a polish.

Nut produces butter -- usefyl for ¢

MWW W W W

and cosmetic purposes -- both for

SPECIAL NOTES

-- Tree is tolerant of annual burning.



Cassia siamea Lam.

Synonyms:
Common Names: FRENCH cassia

Legal Restrictions:

GENERAL_DESCRIPTION

Moderate-sized evergreen with dense crown and smooth grey bark.
Yellow flowers in hrgn bunchas. Pods 10-25cm 1onu hanging in
clusters. Foliage is especia!ly attractive to pigs. However,
the leaves are poisonous and animals must not be allowed to
browse on these trees. Tree grows fairly rapidly.

SEEDS

Source: Strong, healthy trees.

Collection: December and January collect unopened pods.

Extraction: Dry in sun and beat with stick. Mortar and
wind separation.

Storage:

Pre-Treatment: Cut; soak in warm water.

NURSERY

Pots/Open-rooted: Pots only in special situations. Most seeds
are open-rooted.

Time: 4-5 months in pots; 30 weeks to one year
open-rooted.
Other Notes: Potted plants require pruning; plant as a
"stump."
PLANTING/SITE REQUIREMENTS
Soil: Moist soil with good drainage.
Water: 500-700mm minimum annual prec!pitation. trees

do better with more rainfall.
Direct Seeding: Possible, but not done extensively.

Other Notes: Pl;nt a stump 10cm above ground; cut roots to
Ocm.




Firewood, but 1s smokay.

Construction.

Good, dense windbreaks with no undergrowth.
Reforestation purposeés.

{OTES




Ceiba petandra (L.) Gaertn.

Synonyms : Eriodendron onientale
Common Names: ENGLISH silk cotton tree
FRENCH fromager
CHAD ARABIC rum
FULANI bantahi
HAUSA rimi
KANQURI tom
MORE gunga

Legal Restrictions: Classified as "Specially Useful.”

GENERAL DESCRIPTION

Ceiba pentandra is an impressive tree up to 60m with a wide
trunk and large base roots. The trunk gradually

tapers to a narrow tip. Bark is smooth and grey; it 1s
valued for beauty, shade and cotton-l1ike material yielded
from seed pods. This is an important plantation crop tree.

SEEDS

Source: Healthy trees.
Collection:

Extraction:

Storage:

Pre-Treatment:

NURSERY
Pots/Open-rooted: Open-rooted.

Time:
Other Notes:

PLANTING/SITE REQUIREMENTS

Soil: Forest conditions, Tow elevations.

Water: Prefers sites where water is near or on the
surface or areas having heavy rainfall.

Direct Seeding:
Other Notes:




USES

Shade tree.

Cotton-1ike fiber (kapok) used for stuffing.

Canoes from wood.

Cuttings used as 1iving fence posts.

Seeds edible fresh, germinated or after extracting oil
for cattle feed.

Leaves yield hair lotion and medicine.

SPECIAL NOTES




Entada sudanica Schweinf.

Synonyms :
Common Names: CHAD ARABIC dorot HAUSA tawatsa
BAMBARA diamba KANOURI falofala
samanere MORE sianlego
FULANI fado-wanduhi

Legal Restrictions:

GENERAL DESCRIPTION

Small tree with leaves containing 5-7 pairs of pinnules and
14-24 pairs of folioles. Pods are shaped like large, flat
plates.

SEEDS

Source:

Collection:

Extraction:

Storage:

Pre-Treatment: Hot water overnight.

NURSERY

Pots/Open-rooted: Pots.

Time:

Other Notes: 10 pots planted with 3 seeds per pot showed
67% germination.

PLANTING/SITE REQUIREMENTS

Soil: Sudan savanna.
Water:

Direct Seeding:

Other Notes:

USES
. Firewood (fair).

Bark used for rope.
Medical purposes.

SPECIAL NOTES




Eucalyptus camaldulensis Dehnh.

Synonyms: Eucalyptus rosirata Schiecht.
Common Names:

.Legal Restrictions:

GENERAL DESCRIPTION

A fast-growing, tall (18-45m) tree. Bark of older tree rose-
pink; flowers profusely; seed germinates well. Moderately
hegvy, hard wood.

SEEDS

Source: Nearest seeds available in Northern Nigeria
(Eucalyptus camaldulensis, Australian origin).
There are, however, reports of the first fruit-
bearing by some of the oldest trees planted in
Niger. Seeds can be ordered direct from Aus-
tralia. Israel also has seeds available and
so does the French Tropical Forestry Research
Agency (C.T.F.T.). Considerable lead time is
needed. Varieties selected must be drought
resistant and termite proof in both green and
dead stage.

Collection:

Extraction:

Storage:

Pre-Treatment:

NURSERY

Pots/Open-rooted: Pots.

Time: 18-24 weeks in plastic pots.

Other Notes: Seeds are very, very small and can be germi-

nated by Nobila Method (See SPECIAL NOTES)
or planted directly into plastic pots.

PLANTING/SITE REQUIREMENTS

Soil: Heavy or rocky soils at altitudes under 610m.

Water: At least 800mm of rain or access to plentiful
groundwater. Where mean annual rainfall is
1,00mm or less, plant only along water courses.




Direct Seeding:

Other Notes: May require additional care and watering during
first year.

USES

. Reforastation -- root system useful in protecting banks of
water courses from erosion.
Bark yields tannin.

SPECIAL NOTES

Nobila Method: (see Section 6, "Nursery Management", page 63)

-- Prepare germination beds.

-~ Screen materials (sand and manure) for top 4 inches.

-= Treat with Dieldrin solution, 0.5% to 1% concentration.

-~ Mix seeds with fine sand and spread over bed.

-« Cover lightly with screened sand.

-~ Keep top layer moist at all times.

-~ Apply water as fine spray.

-- Transplant into plastic pots after trees have developed
3 or 4 primary leaves.

-- Water frequently with fine spray.

-- Keep in complete shade for first week.

Direct seeding into pots:

-~ Prepare soil mixture for the pots by adding HCH or Dieldrin --
1 kilogram/2500 pots.

-- F111 pots as usual.

-- Put seeds into soil.

-~ Put 3-5mm of water into a cup.

-- Moisten needle with thc water to a height not exceeding 3nm.

-- Plunge the needle into the eucalyptus s.=’s (you will find
several seeds clinging to the point of the needle).

-- Pierce the surface of the soil in the pots with the needle at
an angle of 45° and to a depth of not over 10mm.

-= Any sort of watering method may now be used.

-- When transplanting seedlings into empty pots, one should only
use seedlings which are between 25mm and 50mm high.



Gmelina arborea Roxb.

Synonyms :
Common Names: ENGLISH melina

Legal Restrictions:

GENERAL DESCRIPTION

Rapidly growing species, up to 15-80m. Many wonderfully scented
yellow and brown flowers and yellow fruits. Wood lasts well
under water. Introduced as a firewood tree from tropical Asia;
suffers from infection in certain areas.

SEEDS
Source: 01d trees (scarce); import from other countries.
Collection: Seeds ripen in March-April, Upper Volta.
Extraction:
Storage:
Pre-Treatment: Soak overnight.

NURSERY

Pgts/Open-rooted: Not planted in pots. Open-rooted.
Time:
Other Notes:

PLANTING/SITE REQUIREMENTS

Soil: Good, well-drained soils.

Water: Where mean annual rainfall is 1,000mm or less,
plant only along water-courses or in irrigated
areas.

Direct Seeding: Possible in tropical forests.
Other Notes: Plant as a stump.
USES

Wood for match sticks.
Boxes.

SPECIAL_NOTES




Guiera senegalensis Lam.

Synonyms :

Common Names: CHAD ARABIC kabeah
BAMBARA kudiengbe
DJERMA sabara
FULANI gelloki
HAUSA sabara
KANOURI kasasai
MORE unuiga

Legal Restrictions: Classified as "Specially Useful.”

GENERAL DESCRIPTION

Bush or small tree. Small grey-green leaves opposite one another
on the branches. Fruits are long, narrow capsules covered with
large hairs.

SEEDS

Source:

Collection:

Extraction:

Storage:

Pre-Treatment: None necessary.

NURSERY

Pots/Open-rooted: Pots.

Time:

Other Notes: Project which planted 10 pots, 3 seeds per pot,
shoved 10% germination. Poor germinator.

PLANTING/SITE REQUIREMENTS

Sofl: Sandy areas, particularly fields in fallow.
Water:

Direct Seeding: Probably best method; reproduces rapidly.
Other Notes: Worthwhile to plant cuttings.



USES

Firewood -- a principal firewood species.
Browse for camels.
Local medicine against dysentery.

SPECIAL_NOTES




Lannea acida A. Rich.

Synonyms :

Common Names: FULANI  faruhi
HAUSA farou
KANOURI adarazagai
MORE pekuni
sabga

Legal Restrictions:

GENERAL DESCRIPTION

Small-to-medium tree with scaly, fissured, dark-colored bark
on a red trunk. Leaves consist of 3-6 pairs elliptical folioles.
Fruits look 1ike cherries.

SEEDS

Source:

Collection:

Extraction: Soak fruit to separate seed and pulp. Dry seeds.
Storage:

Pre-Treatment: Soak in lukewarm water overnight.

NURSERY

Pots/Open-rooted: Good germination in pots.

Time:

Other Notes: 10 pots planted with 2 seeds per pot showed
80% germination.

PLANTING/SITE REQUIREMENTS

Soil: Sudan zone.
Water:
Direct Seeding:

QOther Notes:




USES
Firewood -- high quality.

Rope from bark.
Food -~ fruits widely eaten.

SPECIAL NOTES

-- A valuable tree for firewood and food whose propagation should
be encouraged.




Parkia biglobosa Benth.

Synonyms : Parnkia clappertoniana Keay
Mimosa biglobosa Jacq.

Common Names: FRENCH nere FULANI  narghi
CHAD ARABIC maito HAUSA dorowa
BAMBARA nere  KANOURI runo
DJERMA dosso MORE rouaga

Legal Restrictions: Cutting and Removal.

GENERAL_DESCRIPTION

Medium-to-large tree, up to 15m, with dense, spreading crown.
Leaves consist of 14-30 pairs of pinnules and 50-70 pairs of
small leaflets. Tree has hanging red flowers; seeds develop
in long, narrow pods. Bark is thick and deeply fissured.

The wood is hard and heavy but is easily attacked by termites.

SEEDS

Source: Strong, healthy trees; local market.
Collection: Pick the largest, freshly fallen seeds.
Extraction: Remove from pod.
Storage: Viability better when used right away.
Pre-Treatment: Soak overnight in hot water.

NURSERY
Pots/Open-rooted: Pots only.
Time: 10-14 weeks.
Other Notes: Special care; germination results variable

depending upon age of seeds.

PLANTING/SITE REQUIREMENTS

Soil: Deep, heavy sand (type where sorghum gruwWws well);
known to survive on poor, rocky sites as well.

Water: 500-700mm mean annual precipitation.
Direct Seeding: Worth trying.
Other Notes:




USES

Light woodworking.
Pulp of seed dried and used as flour.
. Seeds produce flavoring for sauces.
. Bark ylelds tannin for tanning and dyeing.

SPECIAL NOTES

-- Parkia is often left standing in millet fields for its shade
and fruits. It is one of the few species farmers will actually
plant themselves.

-- There is great demand for this tree. Given the demand and the
ease of raising the tree, 1t may be good to consider as a cash
crop. In some areas, there is enough market for the seeds to
warrant establishing special plantations.




Parkinsonia acculeata L.

Synonyms :

Common Names: DJERMA  sassa bani
HAUSA sharan abi

RARGERL sharan labi

Legal Restrictions:

GENERAL DESCRIPTION

Tree grows to about 10m. Long branches which are covered
¥:th 3cm-long spines and which droop. Many bright-yellow
owers,

SEEDS

Source: Local trees.

Collection: Seeds ripen in December-January, Upper Volta.
Pods containing viable seeds often remain
on]tree for several months. Pick dry pods
only.

Extraction: Shell by hand; shells come off easily.

Storage:

Pre-Treatment: Soak overnight in hot water, or clip end for
faster germination (few days onlyg.

NURSERY
Pots/Open-rooted: Pots.
Time: 6-10 weeks in pots.
Other Notes: Easy to raise, but roots need pruning.

PLANTING/SITE REQUIREMENTS

Soil: Dry sites.

Water: 350-400mm mean annual precipitation.
Direct Seeding: Worth trying.

Other Notes:




USES
Firewood.

Live fences.
Windbreaks and soil cover for conservation.

SPECIAL_NOTES




Poupartia birrea (Hochst.) Aubr.

Synonyms : Sclerocarya binrea Hochst.
Common Names:

Legal Restrictions:

GENERAL DESCRIPTION

Small tree with well-developed crown. Leaves contain 7-8 pairs
of folioles. Fruits are large, round, and yellow when ripe.

SEEDS

Source:

Collection: Seeds ripen in April-May, Niger.
Extraction:

Storage:

Pre-Treatment: Lukewarm water overnight.

NURSERY

Pots/Open-rooted: Pots.
Time:

Other Notes: 10 pots, 2 seeds per pot,had germination rate
of 90%.

PLANTING/SITE REQUIREMENTS

Soil: Throughout Sahel and Sudan zones.
Water:
Direct Seeding:
Other Notes:
USES

Light woodworking, particularly in manufacture of mortars.
Pulp of fruit 1s a popular food and is used to produce 2
kind of beer.

Local value for medical purposes.

SPECIAL NOTES

The tree's high germination rate and the value of its wood
and frult seem to justify propagation in the nursery.




Prosopis africana Taub.

Synonyms: Prosopis oblonga Benth.

Common Names: BAMBARA guele
FULANI  kohi
HAUSA kiriya
KANQURI  simain
MORE niuri-segue

Legal Restrictions: Classified as “Specially Useful."

GENERAL DESCRIPTION

Medium tree with light-colored foliage. It grows rapidly.
Leaves have 2-4 pinnules and 6-12 folioles. There is a
gland between each pair of pinnules and folioles. Pods
are dark-brown cylinders which are thick and hard. Wood
is hard and semi-heavy and has fine texture.

SEEDS

Source:

Collection: Seeds ripen in February-March, Niger.
Extraction:

Storage:

Pre-Treatment: Warm stratification. Hot water overnight.

NURSERY
Pots/Open-rooted: Pots.
Time: 14-18 weeks.
Other Notes:

PLANTING/SITE REQUIREMENTS

Soil: Usually grows in abandoned fields or where forest
has been replaced by savanna.

Water:
Direct Seeding:

Other Notes: Grows singly, not in clusters.




USES
. Heavy carpentry and 1ight woodworking uses.

. Charcoal for blacksmithing.
. Bark of the roots used for tanning hides.

SPECIAL NOTES

-- Should be encouraged in the nursery because of rapid growth
and high-quality of wood.




Prosopis juliflora (Sw.) D.C.

Synonyms : Prosopis chifensis (Mol.) Stuntz
Ceratonia chilensis Mol,
Common Names: ENGLISH (USA) mesquite

Legal Restrictions:

GENERAL DESCRIPTION

SEEDS
Source: Order trees.
Collection: Pick when yellowish and partly dry.
Extraction: Messy. Mortar and wind,or hand separation; powder
{s sticky.
Storage:

Pre-Treatment: Hot water; clipping is possible but difficult.
NURSERY

Pots/Open-rooted: Pots. Open-root possible, but needs special
1ifting-out care.

Time: 12-14 weeks.

Other Notes:

PLANTING/SITE REGUIREMENTS

Soil: Rich, heavy soil; prefers some clay.
Water: Areas under 600mm mean precipftation.
Direct Seeding: Should be encouraged on a trial basis.

Other Notes:

. Wood useful for fence posts.
. Firewood.

. Live fencing and windbreaks.
. Food for animals.

SPECIAL NOTES




Tamarindus indica L.

Synonyms:

Common Names: ENGLISH tamarind tree
FRENCH tamarinier
CHAD ARABIC tamr hindi
BAMBARA tombi
DJERMA bossaye
FULANI jtatami
HAUSA tsamiya
KANOURI tamsugu
MORE pousiga

Legal Restrictions: Cutting and Removal.

GENERAL DESCRIPTION

Tree of medium-to-large size up to 15m recognized by its dense,
well-rounded crown. Bark is reddish-grey and is fissured.

Leaves consist of 10-15 pairs of folioles. Seed pods are red-
dish-brown and cylindrical. Pale yellow wood bends well and 1is

strong.
SEEDS
Source:
Collection: January-March,depending upon location.
Extraction: Soak fruit to remove pulp; dry the seeds.
Storage:
Pre-Treatment: None required.
NURSERY
Pots/Open-rooted: Pots.
Time: 18-24 weeks.
Other Notes: Project planted 50 pots, 3 seeds per pot;

63% germination. Germinates well and grows
rapidly in pots.

PLANTING/SITE REQUTREMENTS

Soil: Grows best in sandy soil along ceusts.

Water: More than 800mm annual precipitation or along
mares and low spots.

Direct Seeding:




Other Notes:
USES

. Wood for furniture and boatbuilding.

. Excellent charcoal.
Produces tamarind fruit,which is used tc make drinks
and soups.

. Shade.

. An herb/spice to add flavor to main dishes.

SPECIAL NOTES

-- In some areas, there is sufficient demand for the fruit to
Justify special plantations.
-- Some countries export the fruit.



Vitex cuneata Schum. & Thonn.

Synonyms: Vitex chariensis Chev.
Vitex cienkowshil Kotschy & Perr.
Vitex doniana Sweet
Vitex patudosa Vatke

Common Names: CHAD ARABIC unrugulguh FULANI  galbihi
BAMBARA sokoro HAUSA dumnjaa

koroba KANOURI ngaribi

DJERMA bo-1 MORE andega

Legal Restrictions: Classified as "Specially Useful.”

GENERAL DESCRIPTION

Small or medium savanna tree, 10-12m high. Dark green, rounded
crown. Bark is pale brown to greyish white with fissures. Leaves
are large with oblong folioles. Fruits are large, black, and

good to eat. Wood is semi-hard and susceptible to insect attack.

SEEDS

Source:

Collection: October in Niger.

Extraction: Soak fruit to remove pulp; dry seeds.

Storage:

Pre-Treatment: Soak seeds in lukewarm water overnight.
NURSERY

Pots/Open-rcoted: Pots.

Time: .

Other Notes: Project planted 50 pots, 3 seeds per pot;

germination of 2%.

PLANTING/SITE REQUIREMENTS

Soil: Dense forest, wooded savanna, river borders,
and cultivated fields.

Water: Needs access to water for good growth.

Direct Seeding:
Other Notes: Widely distributed throughout Africa.




USES

. Wood used for light woodworking and building small boats.
. Fruits are popular food.
. Leaves used in sauces and as medicine against dysentery.

SPECIAL NOTES

-- This is a popuiar tree mainly because of its fruits. Un-
fortunately, it is a slow and poor germinator and propa-
gation is difficult.



Tamarindus indica L.

Synonyms:

Common Names: ENGLISH tamarind tree
FRENCH tamarinier
CHAD ARABIC tamr hindi
BAMBARA tombi
DJERMA bossaye
FULANI jtatami
HAUSA tsamiya
KANOURI tamsugu
MORE pousiga

Legal Restrictions: Cutting and Removal.

GENERAL DESCRIPTION

Tree of medium-to-large size up to 15m recognized by its dense,
well-rounded crown. Bark 1s reddish-grey and is fissured.

Leaves consist of 10-'5 pairs of folioles. Seed pods are red-
dish-brown and cylindrical. Pale yellow wood bends well and is

strong.
SEEDS
Source:
Collection: January-March, depending upon location.
Extraction: Soak fruit to remove pulp; dry the seeds.
Storage:
Pre-Treatment: Noire required.
NURSERY
Pots/Open-rooted: Pots.
Time: 18-24 weeks.
Other Notes: Project planted 50 pots, 3 seeds per pot;

63% germination. Germinates well and grows
rapidly in pots.

PLANTING/SITE REQUIREMENTS

Soil: Grows best in sandy soil along coasts.

Water: More than 800mm annual precipitation or along
mares and low spots.

Direct Seeding:




Other Notes:
USES

. Wood for furniture and boatbuilding.

. Excellent charcoal.

. Produces tamarind fruit, which 1s used to make drinks
and soups.

. Shade.

. An herb/spice to add flavor to main dishes.

SPECIAL NOTES

-- In scae areas, there 1s sufficient demand for the fruit to
Justify special plantations.
-~ Some countries export the fruit.




Vitex cuneata Schum. & Thonn.

Synonyms : Vitex chariensis Chev.
Vitex cienkowskii Kotschy & Perr.
Vitex doniana Sweet
Vitex paludosa Vatke

Common Names: CHAD ARABIC wunrugulguh FULANI  galbihi
BAMBARA sokoro HAUSA dumnjaa

koraba KANOURI ngaribi

DJERMA bo-1 MORE andega

Legal Restrictions: Classified as "Specially Useful.”

GENERAL DESCRIPTION

Small or medium savanna tree, 10-12m high. Dark green, rounded
crown. Bark is pale brown to greyish white with fissures. Leaves
are large with oblong folioles. Fruits are large, black, and

good to eat. Wood is semi-hard and susceptible to insect attack.

SEEDS

Source:

Collection: October in Niger.

Extraction: Soak fruit to remove pulp; dry seeds.
Storage:

Pre-Treatment: Soak seeds in lukewarm water overnight.
NURSERY

Pots/Open-rcoted: Pots.

Time:

Other Notes: Project planted 50 pots, 3 seeds per pot;
germination of 2%.

PLANTING/SITE REQUIREMENTS

Soil: Dense forest, wooded savanna, river borders,
and cultivated fields.

Water: Needs access to water for good growth.
Direct Seeding:
Other Notes: Widely distributed throughout Africa.



USES
. Wood used for 1ight woodworking and building small boats.
. Fruits are popular food.
. Leaves used in sauces and as medicine against dysentery.

SPECIAL NOTES

-~ This is a popular tree mainly because of its fruits. Un-
fortunately, it is a slow and poor germinator and propa-
gation is difficult.



Ziziphus spina christi (L.) Willd.

Synonyms :

Common Names: CHAD ARABIC karno
FULANI kurnahi
HAUSA kurna
KANOURI korna

Legal Restrictions:

GENERAL DESCRIPTION

Medium-sized tree which 1ives a long time. Small, elliptical
leaves on slender branches with short, curved spines.

SEEDS

Source: Strong, healthy trees.
Collection: October-January, depending on location.
Extraction: Soak fruit to remove pulp; crack shell with

hanmer to extract seeds.
Storage:
Pre-Treatment: Soak in lukewarm water overnight.
NURSERY

Pots/Open-rooted: Pots.

Time:

Other Notes: Project pianted 50 pots, 2 seeds per pot;
35% germination. Grows fairly rapidly in
pots.

PLANTING/SITE REQUIREMENTS

Sofl: Extends into dry, desert areas but prefers
alluvial plains with deep soils.

Water: Likes sites where some ground water 1s avail-
able; has long tap root.

Direct Seeding:

Other Notes: Strong regenerative powers and is resistant
to heat and drought.



Conservation uses for erosion control: windbreaks,
shelterbelts and dune fixatien.

Wood used for fuel, tools and charcoa’.

Branches and leaves weed for animal browse.

SPECIAL NOTES
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MAP 3

DESCRIPTION
SYMBOL FRENCH
SA Saharien
SSa Sahelo-saharien
Sc Sahélo-Cdte sénégalais
Se Sahelo-séndgalals
so Sahélo-soudanais
56 Soudano-Guingen
Ge Guinéen basse Casamance
Gm Guinéen-maritime
Gf Guinden - foutznien

CLANRTIL ZONES OF
DUE: - SAHAFALD \WEST- AFRICA

DESCRIPTION
ENGLISH

Saharan

Northern Sahel
Senegal Coastal Sahel

Senegal Sahel

Southern Sahel

Sudan-Guinean

Casamance Guinean

Costal Guinean

Fouta Guinean

Source "Flore forestiére Soudano-Guinéene"

MEAN ANNUAL

MEAN ANNHUAL SATURATION
PRECIPITATION DEFICIT
iess than 200 20mm
200 to 400 15mm
400 to 500 5.3-7mm
500 to 900 9-12mm
400 to 1200 11.5-22mm
950 to 1750 7-12mm
1200 to 1750 6.5-7mm
1950 to 4500 4.4.5,5mn
1800 to 2050 6«7mm

This terminology used here is commonly used in sub-Saharan West Africa and is

based on the work of Aubreville.

(As such it came into use prior to the

creation of the Yangambi classification of African vegetation types.)
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VEGETATION ZONES

- =~ International Boundaries =

Tree Steppe

J:g ';': Shrub Savanna

V//A Wooded Savanna

Woodland

k\ N\ Mosaic

Moist Forest

re Savanna

J
\\\ Madagascar Savanna

Grasse Steppe

Vegetation zones in this map are based on the Yangambi classification
created by a 1950 meeting of the Commission for Technical Cooperation in
Africa South of the Sahara and used in the U.N. Food and Agriculture
Organization publication, Tree Planting Practice in African Savannas.
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Appendix D



INFORMATION SOURCES

The following organizations work in arid forestry, range
management, or agriculture, and can be contacted for infermation
on specific problems:

RESEARCH ORGANIZATIONS

Centro Agronomico Tropical de Investigacion y
Ensenanza (CATIE)

Dept. de Recurses Naturale

Turrialba

Costa Rica

Centre Technique Forestier Tropical (CTFT)

45 Bis Avenue de 1a Belle Gabrielle

94 Nogent Sur Marne

France

(Regional Offices in Dakar; Stations in Ndjamena
Niamey, and Ouagadougou)

Commonweal th Forestry Institute (CFI)
University of Oxford

South Parks Rd.

P.0. 13 RD

Oxford, England OX1 3R8

Consultive Group on International Agriculture
Research (CGIAR)

1818 H Street

Washington, D.C. 20433 USA

Enviromment and Policy Institute
East-West Center

1777 East-West Road

Honolulu, HI 96848 USA

Institute for Development Anthropology
99 Collier St., Suite 302

P.0O. Box 818

Binghamton, N.Y. 13902 USA

Institute of Tropical Forestry
Post Office Box AQ
Rio Piedras, PR 00928

International Council for Research in Agroforestry
(ICRAF)

P.0. Box 30677

Nairobi, Kenya
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International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT)

Patancheru P.O,

Andhra Pradesh 502 324

India

(Offices in Mali and Niger)

International Development Research Centre
(IDRC)

60 Queen St.

P.0. Box 8500

Ottawa, Canada

International Institute for Enviromment and
Development (IIED)

1717 Massachusetts Ave., N.W. , Suite 302
Washington, D.C. 20004 USA

International Institute of Tropical Agriculture
(IITA)

PMB 5320

Ibadan, Nigeria

International Livestock Centre for Africa (ILCA)
P.0. Box 5689
Addis Ababa, Ethopia

International Tree Crops Institute
P.0. Box 888
Winters, CA 95694 USA

National Academy of Sciences

Board on Science and Technology for
International Development (BOSTID)
2101 Constitution Ave., N.W.
Washington, D.C. 20418 USA

Nitrogen Fixation by Tropical Agricultural Legumes (NifTAL)
Project

P.0. Box O

Paja, Hawaii 96779 USA

Office of Arid Lands Studies
University of Arizona
Tucson, AZ 85719 USA

Tropical Products Institute
56/62 Gray's Inn Rd.

London WCl X8LU

England

Tropical Resources Institute

Yale School of Forestry and Envirommental Studies
205 Prospect St.

New Haven, CT 06511 USA
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U.S. GOVERNMENT AGENCIES

Forestry Support Program
FSP Room 1208 RPE

USFS P.0. Box 2417
Washington, D.C. 20013 USA

Office of International Development and Cooperation
(0ICD)

U.S. Dept. of Agriculture

Roan 4405 Auditors Building

Washington, D.C. 20250 USA

Office of Technology Assessment (OTA)
600 Pennsylvania Ave. S.E,
Washington, D.C. 2051C USA

Peace Corps

OTAPS/Forestry and Natural Resources
806 Connecticut Ave., N.W,
Washington, D.C. 20526 USA

Smithsonian Tropical Research Institute
1000 Jef ferson Dr.
Washington, D.C. USA

Soi1 Management Support Services
Soi1 Conservation Service

P.0. Box 2890

Washington, D.C. USA

USAID (Agency for International Development)
Department of State

Washington, D.C. 20520 USA

(AID field of fices can be contacted through
the respective U.S. Embassies)

USAID

Science and Technology/FENR
Dept. of State

Washington, D.C. 20520 USA

International Forestry Staff
Romm 1208 RPE

USDA/FS

P.0. Box 2419

Washington, D.C. 20013 USA
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AGENCIES RESPONSIBLE FOR NATURAL
RESOURCE MANAGEMENT IN ARID LANDS

Conservator of Forests

Ministry of Animal and Forest Resources
Private Mail Bag #3022

Kano, Nigeria

Direction des Eaux et Forets/Burkina Faso
B.P. 7044
Ouagadougou, Burkina Faso

Direction des Eaux de Forets/Mali
B.P. 275
Bamako, Mali

Direction des Eaux de Forets/Niger
B.P. 578
Niamey, Niger

Direction des Eaux de Forets/Senegal
B.P. 1831
Dakar, Senegal

Direction des Forets des Chasses
et de L'Environnement
Lame, Togo

DNAREF
B.P. 1341
Yaounde, Cameroon

Forestry Association of Botswana
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