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FOREWORD

The decade since Rgforestan’on in Arid Lands was first Eublished has not been
kind to Africa's arid lands. From Senegal to Sudan, each season from the mid-
seventies to 1984 broughi less rain to nurture crops, water livestock, and
sustain houseliolds 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 soutﬁem Africa,
Millions of people faced starvation; for hundreds of millions of others, the
hardships of rura, 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 i1n 1986, and
will increase by an additional 16 milﬁon this year. The UN Food and
Agriculture Organization estimates that 2.3 million hectares of Africa's open
weodlands--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, harvesis
per person are declining.

The siatistics 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 trec 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 pcopf;,, 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
cfforts. 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
Elaming 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 people in
Froject planning. Recognition that trées can enhance the fertility of agricultural
and has prompted research on a sroforestry. Native African trees ranging from
Acacia albida, planted in millet fields to fix nitrogen and boost crop yields, to
windbreaks ancf 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 Ni er, show that tree planting compatible with
community needs can succeed even in harsh settings,



Reforestation has become a centerpiece of rural development in arid lands, a
key to conserving soil and wator supplies, securing food production, and
rccilcing the hardships of rural life. Accordingly, the ¢ allenge of reforestat;on
has grown more complex. FForesters must un(i;erstand how tree species inieract
with their environments, match trees to the cultural needs, predispositions, and
idiosyncracies of rural communitics, and coordinate the agendas of
development agencies with the limitations of local burcaucracies. It is no longer
cnough to know forestry alone; forestors must be advocates, lobbyists,
dccountants, fund raisers, negotiators, and diplomats as well, perhaps all in the
same afternoon,

This new edition of Reforestation in Arid Lands is o comprehensive reference
for pcople planting trees. Part field guide, part planting manual, part
introduction to the legal and social context of reforestation, the book distills the
lessons of forestry ‘successes in dozens of countries. Few development
activities confront so directly the fundamental human and environmental
probiems that undermine development and prolong impoverishment throughaut
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.,



INTRODUCTION

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
increasini;, while resources are decreasing. Fire, over razing, and uncontrolled
use of already limited resources have added to the hardships caused by
drought. Although natural resources are being rapidly used up t roughout the
world, the demand for them can be met if people plan for their continued,
sustained use. More and more countries aroun 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,
spccifica]lly; in 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 southern Allsn'ca as well,

While the manuai focuses on Africa, many of the problems that project
planners face are similar throughout the world. The major obstacles to
reforestation programs 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 tumn is essential to ensure seedling protection and survival. Reforestation
[)rojccts 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 implementaticn, and presents
methods and planning guides useful in different cultural contexts.

Reforestation efforts are generally begun for three important reasons: I)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 environmem of human
habitations. Reforestation programs have been undertaken to provide:

0 erosion control = trees and shrubs to keep water and wind from carrying
away rich topsoils that contain the nutrients that make the land fertile,

0 production of adequate supFlics of specific roducts--wood for fuel and
censtruction, fruit and nuts for food, fodder or 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 Mmanagement, 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 cdition 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 ;mportance of thinking more broadly in terms of revegetation is
now ¢ pparent. More projects are now aimed at encouraging farmers to plant
trees on their own property, as well as on public land. bEstuhlishmcnt or
shrubs, bushes, grasses, zmdyothcr round cover, as well as trees, is needed
on many sites that do not have suficient vegeiative protection, Rccognizin¥
the evolution of thig understanding, a new chapter on Agroforestry and Soi
Conservatioa 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 scctions have been added covering propagation
from cuttings, harvesting methods, and special procedures for tree planting on
difficult sites. Chapter » Soil Properties, has also been rewritten to be more
practical for actual Ficld conditions,

The book has also been reorganized to give the material a more logical fiow.
Chapter 2 presents the environmental and political framework of an
agroforestry project, and lists key elements for success. Subscquent chapters
progress through the various steps involved in the start-up of a reforestation
gmﬂmm. Project design and other aspects of planning are covered in Chapter
3. ﬁ‘haptcr 4 provides some tiackground on soil properties that influence site
and species selection, which are discussed further in Chapter 5. Chapter 6
gives more deta‘led information on nurse planning an preparation, and
Chapter 7 outlines the steps involved in the 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
additional 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 cemprehensive listing, but an indicator of the value of that tree for
certain purposes).

0 Appendix B--an expanded look at 30 of the trees highlighted in Aﬁpcndix
A. Each of the trees is treated individually in an attempt to show the value
of having comprehensive data sheets lKat 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 §or noting planting
criteria (such as the soil and water requirements of cach tree). Hopefully,
as reforestation efforts continue and more project data are recorded, these
information sheets will become a more compleic and important data bank.

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

o Apnendix 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.
FFor example, it takes for granted that the reader will be familiar with laterite
soils and with the use of such forestry tools as climate maps and vegetation
charts.

The text uses enly one Latin name for each tree. However, some trees are
known by tvo or more Latin names; these synoryms 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 ramed 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.



PROJECT FRAMEWORK

This chapter presents some guidelines or characteristics of forestry and
conservation programs that must be taken into consideration early on in the
planning process. Some decisions must be made as early as possible, in order
for the next phase in the project planning process to follow smoothly. This
chapter discusses some of the issues that requi. 2 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
partiq}palion is particularly important in project initiation, es ecially in the
1dentification of specific problems that need to be solved and the setting of
resource management goals and objectives.

Each individual project will requirc 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 manff variables that must be considered early on, good land
management involves:

o taking into account social and cultural issues;

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

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

o improving, developing, and conserving natural resources for the future;
an



0 recognizing that conservation and production are interdependent, and that
in the long tun, neither js possible without 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 conscrvation concern may be pretection of the soi] from erosion
and loss of fcrlilitf/, protection of watersheds, protection of the natural
vegetation and wildlife, or al] of the above. Production oriented projects often
give priority 1o increasing the amount of wood available for 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, A 1roforestry approaches
dre now reeeiving widespread attention, because they allow land (o be used for
a variety of mutually beneficial purposes (sec Chapter 8),

The first step in planning, then, is 1o deterrnine what specific problems exist
that the community wants to solve, Onee problem has been identified, it is
then possible 1o discuss what the projeci's goals should be. It is im ortant to
plan realistically in determining the project goals, the time frame wiihin which
they are to be accomplished, and how they can be achieved within an overall
resource managenient framework, Some questions that should be asked are:

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

0 Does lhe/{wojccl have a redominant objective--either protection or pro-
duction? Are there multiple chjectives?

0 What will the social cffects of u.¢ project be? Is the roject oriented
towards communal efforts or individual farmers and hoyse 10lds? How will
it affect different people’s lives and incomes?

0 Ifthe project is a community or cooperative cffort, how are its benefits and
responsibilities to be distributed? Will some people benefit more than
others?

Community Involvement

Early input from local cople is crucial to success, Foresters and other
conservation personrel should encourage community members to take art in
all aspects of project design, lanning, and implementation. This is not always
casy, because thére are usuulry local, national, and international concerns that
may conflict. Nonetheless, 3 conservation project must be supported by the
people living in the arca or it wili not work,


http:populatio.ns

Although land and resource use is largely controlled by government agencies,
most communities have had some experience in managing their own
environmeni. 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 re arding individual or cooperative
efforts on projects, decision making, and distribution of benefits. It is up to
project 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,

rovide labor, or participate in other ways. Usually a reforestation effort will
1ave Lo be sur{roncd by people for several years before results 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 positivcﬁ/;
and 3) the resalts will be worth the effort.

Ideally the impetus for starting a reforestetion project should come from within
the community itself. Sometimes erosion and wood shortages may be
recognized as growing problems, 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 beyond the resources or power of the community to change.
Environmental pro?/)lems are closely linked, however, with other problems that
most concern rural people, such as those affecting agricultural preduction and
health. There is a growing awareness within conservation circles of the
importance of these linkages to rural development programs.

Project planners, therefore, often try 1o create interest in projects that will
contrel wind and water erosion, and ‘which will alse 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 1o take years to sliow, local residents may look for more immediate
benefits, such as individual potted trees they can piant 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, making it casier to convince the community of the necessity of the
project over the long term.

The Conservation Community

The conservation community includes cveryone. 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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govemment bureaus and agencies. They must also work coopcratively witl
representatives of all sectors of the local economy to ensuie maximum
cooperation between technical Tepresentatives and those concermed with social
programs.

There is a lot of informal instruction to be done in order to sell a forest[]y or
resource management project and plan for sniooth 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
expiain, bring to ether, and reconcile a number of interest groups, soms of
which have wide y 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 grouns and
interests involved in 4 forestry ~rojecy is all part of project planning; it requires
patience, di lomacy, and skli?i 10 resolve the potentia conflicts between Jocal
Populations' need to utilize the available resources and the national agencies'
mandate to protect them,

Natural Resource Policies

Among the first issues to consider in {nitiating a new project are natjonal
policies, the laws and regulations that govern natural resource use. In most
African countries, concem for natuial resource management has led to the

establishment of certaiq areas for special purpeses. These areas, called forest
reserves, classified forests, wildlife preserves, parks, or special reserves, can
be identified on large-scale government maps. The use of these public lands is
regulated by govermnment agercies through national legislation. In areas that
have not been set aside in this manner, Tand use and teriure are frequently
controlled by the government a5 w:ll. Regulations can be complex, and vary a
great deal from country to country, according to national iaws and local
customs. These laws can have lar-reaching effects on the lives of rural

inhabitants, For example:

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

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

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

0 Foresr service agents may often be responsible for the enforcement of these
laws as well as for the collection of fees and fines. Rural zsiden;s may
tend to regard the foresters as police, rather than as extension agents,
conservaticnists, 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 any change in the
current pattern. One cannot begin a trec;ﬁ)lanting program without thoroughly
23sessing the given location in terms of all the natural resources and the current
land use situation.

Present Land Uses

Wuat is the land suited for now? What could the land rProduce if changes were
made? Would the new use be better than the old? Local customs, soils,
topography, vegetation, and w ter supply all must be studied before these
uestions can be answered fully. Rural inhabitants who will particif)ate in a
oresu(?' project or be affected by it in any way should be involved in all aspects
of 12nd 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 Kouseholds. The individual project sites
may be smaller, but theK can 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 suEport themselves.
Above all else, the people living in that area must get enough from the land 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 weir land to forestry for so long. As a result, even f a
staple crop they 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 given to agricultural products that are
needed for food or for market. It probagly would not be the best use o: the land
to plant a woodlot on 2 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 mu.t 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 imFrove land use? Where should
they be located? What special efforts--such as irebreaks, planting field trees,
t}e]:n*iicin§, or planting an orchard--would increase the value and usefulness of
the land?

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
erosior. 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 carefyl] evaluate«f) the local situation in terms of needs and
problems, and have agreecf,upon the project goals, it is necessary to begin a
more detailed pblanning 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 alread beenr mentioned in this chapter, while others are
discussed in more detajl e sewhere in the text.

o Start smali. Initia] 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 erouion control measures may already
Cxist In the area. Concentrate efforts on llaproving and extending

technologies that are already in place, rather than Introducing new ores,

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

0 Local participation. Rura] inhabitants have a wealth of knowledgr
abogt_theg: envi-onment that they can contribute to project planning. Their
participation is necessary to €ncourage that local needs and expectations are
met.

o Soil and water studies, It is vital to obtain al] available data on soil and
Wwater quality. If possible, samples should be analyzed by a qualified
laboratory. This should take place early so that the information can be used
in speci:s 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. Sclect 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 quality of the planting stock can make
the difference between success and fa%ure.

Land use. The productivity of farming systems should be maximized
through integration of conflicting !and uses (agriculture, forestry,
livestock).

Protection. Many planted 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 ongoing project monitoring and future project evaluation will help en-
sure that goals are reached.



3 PROJECT DESIGN

Once the long-range goals of a project have been determined, community
participation established, and altemative land uses carefull?' evaluated, the way
In which the project will be implemented must be decided. The project design
involves detailed technical lanning and other considerations that must Ee
integrated into the overall f%reslry or a%roforestry project. One of the most
complex aspects of project design is the choice of sites for reforestation efforts,
and the matching o}" 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 sclection, 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, seaconal 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 nec..:ary 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, p anting 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 a.. ‘her. Establishing and maintaining a sizable nursery can be
expensive, however, and it may be worthwhile to try some of these amemalive
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techniques on an experimental basis to de:ermine if they are practical. The
principal consideration at this point is the type of reforestation or revegetation
effort necded.

Natural Regeneration

Areas sclected for reforestation are often marginal lands, unusable for intensive
agriculture because of soil quality, topography, lack of water, or other factors.
}fowcvcr, some trees will grow almost anywhere. If no cxamglcs 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 roducing sceds that can be carried by natural methods
(for example by win(yor water, or by animals depositing the seeds on the
ground in their manure), the sceds will be scarce. Even if seeds are available,
they may be unable to germinate or the newly sprouted seedlings may not
survive, because of overgrazing, fires, or blowing sand in the arca. IT site
condttions 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 o
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 arca if given cnough time, but in most cases, natural
regeneration cannot occur unless special efforts are made to help it along. Such
cfforts might include fencing the area, protecting it from over-grazing, and
setting up good local cooperation so that the residents realize the importance of
leaving the arca alore. Sometimes a certain arca 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 s to establish a nursery, maintain the
seedlings for several months, and then transfer the young trees to the planting
site. It is even possible to direct seed by feeding pods of certain trees to caitle
or sheep that graze on the land. Thc{y deposit their manure, containing the
seeds, on the ground, and sometimes this method achiceves a high germination
rate.

Some direct seeding results have been good in arcas 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 aethiopum and Anacardium occidentale. Acacia albida seeds
have been sown in cﬁjmps in feuced-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 thomny branches and twigs.

Some trees simply cannot be grown using direct seeding techniques. One of
the major constraints in dry areas is the irre ularity of rainfall patterns. After a
few rains have fallen, it is not uncommon for a dry spell to occur. When this
happens, newly sprouted seedlings rarely survive. While the water supply of
seedlings can be easily controlled in a nursery, it is usually impractical to water
dircet 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. Successfully propagated cuttings sprout new roots and leaves,
and develop into genelica{l identical rplicas of the parent tree. Commiphora
africana and several Euphorbia species are possible choices for this mell{)od of
revegetation. However, use of cuttings is still only experimenta! on dry sites.
This method has the advantage of being low-cost, gecause 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 cuttinge.

Nursery Production

Although seedlings raised in a nursery may go through a short period of
transplant shock, tﬁe already have well devefz’)ped 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 drought. An analysis of the regeneration options described above
may indicate, tﬁcreforc, that the best method for seedling production is a
nursery.

If so, there are a number of decisions andrplans to make before beginning. Is
the nursery to be permanent or temporary? In other words, is there a need for
ene that can continue to supply trees even after the completion of a project? Is a
large, centralized nursery needed, or would small, vil age-based nurseries be
better? Morcover, 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
desiin grocess. at type 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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lea\_/c_s, cardboard, etc.) or direcl!y 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 mnvolved,

Obtaining seeds is «ften g major problem, and the question of seed su;y;ly
should be addressed early in the pﬁmning process. Seeds must be ordered or
collected locally, and they must be treated and prepared. Wi.at s 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 thére 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 sup ly 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 sy ply and perhaps raise a few
thousand trees’on a trial basis. While this kind o?tesling 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 tums into a dry, or nearly dry, hole
just at the time the water is needed most. This is when the trees in the nursery
are requiring the most water for growth, or when temperatures are highest, and
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
requirements 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 sup[le without ) lifting the water from deep
under the ground (as in 4 deep well), or 2) carrying it considerable distances
from the source :0 the nursery. Both of these methods are expensive,

If the project has access to a decp well with a steady supply of water, it makes
sense to include the cost of 3 pump in the project budget. %ﬁle it is possible to
handlift a few hundred liters of water a day from a deep, open well, pumps are
niecessary 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 jt
does not have an adequate water lifting or pumping system. These Systems
ensure that sufficient water js available at all times with the least possible effort,
It isfwlclmh taking extra time and effort to plan a wel] and water-lifting systein
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 sult concentrations aie 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 croFs lias been
studied, and information is available for selectin crops that can live in water
containing some salt. Unfortunately, however, rc atively little is known about
how much salt trees can absorb and still grow well. It does secin, 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 putting on too mucl: water so that an damaging substances
in the water are likely to be washed down or leached andyare 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
using methods that have been studied extensively in Africa, for example, by
loca%govemmcnts, intcrnational organizations, consultants, and engineering
firms. Most nurserics 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 f?:lw meters below ground level. In such
cases, well construction is relatively casy and little more than a simple hole is
needed. When the ground water is below 10-15 meters, well-digﬁing becomes
somewhat more complex, but still can be accomplished by hand-digging
methods at reasonable costs.

In other areas, dceper wells are nceessary, which require even more
complicated construction procedures. In some places, it is necessary to dig 100
meters before reaching aquifers (water-bearing layers of the earth). And even
when water is reached, the well 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
giving water even durin the dry‘season when the water table in the aquifer
drops. Failure to plan a equately in terms of any of these factors can lead to

trouble for the project.

WIELL

This well does not penetrate This well penetrates the aquifer
the aquifer completely, therefore, and will give sufficient water
not enough waier will be available during the dry season,

during the dry season.

Surface 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 severa] methods involvin micro-catcimems and ridge
construction are described in Chapter 7. ﬁowcver, using available water
Tesources such as rivers, lakes, and streams is often difficult for a number of
reasons.

In many dry areas of Africa, for exam le, the terrain is flat and the soils are
often sandy. Even when water is avallag i

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 topo%raphy in many dry areas Causes water to pool
in large shallow depressions or basins, This water is difficult to use because it;

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

There are successtul techniques for surface water development, although most
methods require substantizﬂ investments of money, labor, tools, equipment,
and maintenancc. 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.

Seasonal Considersztions

Planting Schedule

The timing and duration of the rainy season are the principal factors that
determine a reforestation project's planting schedule. In areas where there is
one long dry season ancra 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-niodal 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 1ake place during the short
rainy season, to replace any scedlings that did not survive the initial planting.
When there is only one rainy scason per year, replacement planting usually has
to wait until the year following the initial plantation.

Other seasonal changes also affect the nursery schedule. Sceds 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 seascn. 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, planting and cultivation of crops will take precedence
over any other activity during lﬁis period. If local labor will be needed to plant
trees, there are some possible solutions to this potential conflict in the planting
schedule. Alternatives should always be discussed well in advance with
everyone involved to prevent misunderstandings. The following are some
alternatives to consider:
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0 Find out when farmerg will be busiest, Sometimqs 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

0 Insome Projects most of the round preparation s done before the rainy
Season begins. Thig involves d%gging the holes and doing any other micro-
site improvements that are necessary such as individug| water catchments,
or ridge construction, This advance prc;Paration reduces the actug] 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 infomlation).

0 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

0 Many villages have a traditiong] practice of setting aside one day a week for
cOmmunity projects, even during the ramy season, These community
actvity days can be ysed to support a wide variety ot reforestation and

conservation efforts,

Site Use Planning

such as traditional or improved grazing or intensified agricultural practices
(e.g., rotation fron peanuts to cereg] crops 1o fallow), must be taken into

account during the planning rocess. This is particularly important if (he site is
located near relatively high Cnsity population centers,

Whenever ossible, sites are chosen so that local residents receive some
immediate genefi[s while the trees are rowing, and so that the land is being
Put to optimal use. Some of the lang uses that increase benefits duing
revegetation efforts are intercropping, Brass cutting by hand, collection anq
gathering of forest products, and controlled grazing. These subjects are
discusse briefly below and in more detail in Chapter 8, Agroforeslry and Soil

Conservation.
Intercropping
Intercropping is the practice of planting and growing agricultura] crops

between the rows of planted trees and shmb§. It left uncy tivated, the area
betweer 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
and 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 o?thc special restrictions and conditions necessary for
good plant growth. For example, the spacing of individual crops in refation to
the young trees must provide enough room for both to grow without de{)riving
eitner of sufficient water, light, or nutrients. Young trees that are hard to
distinguish from other plants (such as Acacia albida ov 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, sorghuni, and com hav - offected some trees badly. The decision about
which crops to raise as pait of an intercropping program must be based on
information abou the crops, the nature of the site, and the type of tree that will
be planted there.

[t is particularly useful io grow crops in firebreaks. These are spaces left
beiween blocks of trees or other vegetation so that fires which may break out
can be stopped before they burn down an entire plantation or nursery.
Firebreaks in tree plantations are often quite wide, thus giving a lot of space f}(;r
yrowing crops. For them to be eftective, it is very important that they be kept
ree of weeds: planting 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 arca after each harvest must be stressed
and enforced.

CROPS
: gﬁemms, wonrens...,)
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15 METER FIREBREAK

ADAD POPS < el As
PEANUTS - CULTIVATED
& WEEDRD,

Cutting and Gathering

Strictly contzolied cutting of grass for fodder, thatch, or mats may be feasible,
Forest 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 bea
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
reco‘gnizes. It magr be necessary to charge a fee for such uses of the land. Land
use tees will probably not bring in a lot of money, but they are important for
laying a good and fair framework for the future ofY 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 sistain project efforts.

Grazing

Good land use projects may include introduction (planting, seeding, or natural)
of vegetation 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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0 The number and kind of animals, as well as the length of grazing time,
must be controlled.

o Grazing is not permitted until the trees are tall and strong enough to
escape damage done to their foliage and bark by animals. A goat, for
example, can stand on its hind legs and reach up to two meters. onkeys
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 wiil b.:come 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.
Prot-.ction

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

Surveillance

This approach calls for protecting the trees by having peojile 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 tgat 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 th= 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 25 well as hysical 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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differenll(, or even chanlge the layout of the site before the land use problem
can be solved satisfactorj y.

No matter what type of fence is to be built, there are Zoing 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-
lcs--as when establishing individyal shade trees in ficlds, along roads, or in
tuarken places. The least expensive fences cover large blocks of land, for
example, 50-100 hectares, Actual protection costs per tree are estimated for
different materials, sites, and areas--from individual trees to arcas of over 100
hectares.

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 thin

to remember, however, that the larger the block of land, the more likely there s
to be a problemn with regulating its use. The two most important considerations
in fencing operate in direct conflict with each other: the method requiring the
i is the most expensive (fencin individual

Individual Tree Protection

Maintenance must be included in the budgeted costs of a feace. Bitter
experience shows that money spent on building exFensive, 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,

€ fence around the nursery or Permanent site can be constructed to
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Fences may be built from imported or local materials or 4 combination of both,
There are advantages and disadvantages to each of these approaches. Whatever
materials are used, the fence should 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, cither a different type fence must be built
or the bax%ed wire ferice must be inproved.

Imported Materials

In many countries of arid Africa items such as metal posts, barbed wire, or
wirec 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 o
Traditional materials for fencing include:

local woods for posts;

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

stalks of millet or sorghum

banco (earthen) blocks

[*NeNeNoNo

Fence posts are made from those local woods that are most resistant to rot and
insect damage. Borassus aethiopum, for instance, is relatively resistant to
termite damage. Hyphaene 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 tum be semoved. 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.

Combination live and constructed fence.



26

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 least about 10cm in
diameter and about 2m long. The largest ones are used for corners, gateposts,
and line braces.
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Set posts into drum and soak
for 4 hours minimum

Posts should be immersed in solution
to alevel at least 15cm above
anticipated ground line.

-0 cm

Treating Posts with Insecticide before Use

Any sort of thorny or sha branch is useful snd can be woven into fence
wires. For example, although stems from Falm 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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4 ' 4 Posts: Borassus aethiopum or

H A Doum palm, Comiphora spp.
(treated)

Railing: Branches, sticks, Doum
"lath"

1 Filler: Thorn limbs, millet

Hi—rr f—rr stalks (temporary),
palm-leaf stems

LOCAL MATERAL FEINCE TYPES

More information on wire fencin% 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}ﬁt;y growth of cetain
species rather than by coustructions 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 tpraclical 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 »ud reused.

Combined Protection

In most areas it is a good idea to use a combination of fencing and surveillance.
Often fencing materals 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 ore is working better than another. Tt is
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sometimes the case that a meth_od 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. People 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 teachin process, there wili be an opportunity to watch
different people and see how tEey master techniques. The manager will get a
good idea of those who are the most capable. Activities and Jjobs may have to
be 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 speec?. The most effective means of teaching this is to
provide the crew with a good model. If the project manager makes a point of
maintaining the equipment by cleaning it and putting it away properly, the
lesson will effectively taught. Everything a project manager c?oes, whether
the crew members are watching or not, shoufd be consistent with the
techniques and values encouraged in 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
c.2w chiefs will work without bein 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 keeping procedures should be set up durin'i the project planning phase.
In addition to helping the project managers keep the project on track, accurate
detailed nursery records make the roject a valuagle 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. "l%]is information can then
be used to 1) fill out time sheets for payroli records: 2) calculate how miryy
work-hours it took to build 100m or fence or to stack §,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?
lHow many were planted in each bed or pot? How many of the sceds
germinated and how long after they were pianted? How much water did the
seedlings receive? Were they treated with insecticides or any otker chemicals?
Appendix B is a start at gal%cring in onc place relevant nursery and planting
data for certain African species. This kind of information greatly facilitates
planning of future projects.

Every funder or sponsoring agency wants to know how its projects are doing.
Field personnel should be prepared to keep the following records, in addition
to the diarv mentioned above:

A Monthly Keport should include:

0 A summary of the activitics of the previous month, based on the
more detailer! accounts in the diary;

0 A basic plan of activities for the coming month;

0 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 agency 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
projeci activities, can be prepared using material from the diary and monthly
report.
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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 laboiatory
facilities elsewhere. This chapter deals with on-site assessment of certain sojl
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. Trec roots, particularly in arid areas, go much deeper and
can exiend 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 properties rather than chemical ones.
Without adequate soil moisture even an agundant supply of nutrients will be
:Jhseless 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 (plig

o soil depth

Other factors can be important too, especialiy foir younger, smaller trees. The
organic content of the soil layers in the arca of the root zones influences the
hysical properties 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

Certain soil types are best for trees and shrubs because of their texture. In
analyzing soifllt)exture, what counts is the relative roportion 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
classificatiens are shown in the box.

Soils with a high cafpacily for holding moisture that plants can absorb have a
‘exture 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 raticulata, prefer heavy, clayey
soils that may become waterlogged during the rainy scason

Many specics prefer a balanced sojl 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):
0 water available
o slow, stunted root growth

Loose, sandy scii (right):
o little water availaple
o0 rapid root growth




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 2.0-0.2
Medium Sand* 0.5-0.25
Finc Sand* 0.25-0.1 0.2-0.02
Very Finc sand 0.1-0.05
b Silt 0.05-0.002 0.02-0.002
Heavy Soils/
Coarse Particles Clay Below 0.002 Below 0.002
* Puarticles 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 primary 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 of 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. 'ﬁlis "drip-dry" process can take from several
hours to several days. At the point when the 3/0

stops, the soil is at "field capacity.” Some moisture stays behind after the
€xcess 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 sojl is held so tightly by individual
soil particles that roots cannot absorb it. This s hygroscopic watér, which js
unusable by plants,

For a plant to grow, the soj] 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:

0 Soil Texture: generaliy, the coarser “he overal] soil texture, the less water it
will hold. Inversely, “the finer the texture the more waier 1t can retain;
however, there will be 3 higher percentage of hygroscopic moisture,

o Organic Matter: organic content is very im?ortanr, because decomposec;
organmic matter (liumus) acts like a Sponge. It soaks up excess water and
stores it so that roots can absorb it later on,

0 Other Factors: porosity and surface conditions can influence soil moisture
levels, but to a icsscr cgree,

In genera] 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 fasier 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.

Heavy clays (no sand and little silt) be:come hard when dry, severely hindering
root development and killing young trees unless they are especially adapted 1o
these conditions. Iy addition, the surface layers of cla soils, which show
%pical shrinkage cracks when dry, have a tendency to "sf;lm shut" when wet.

1¢ uppe: soil layer expands when moist and keeps water from enetrating
further down into the root zones of trees and shrubs. Even though the surfaces
of these soils are waterlogped, the moisture ig unable to descend to the Jower
horizons. Unless these soils are constantly loosened, this water is lost to
surface runoff or evaporatior. Organic mattér wil| greatly help to create Space
for air and water in an otherwise compact soil medium. Termites can alsg
CXxcavate 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). Adcquate 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 & 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 looscning and break up top layers to increase infiltration and produce a
crumbly structure;

o mulching 1o reduce surface drying;
0 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 scasons;
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0 addinﬁ compost or animal Mmanures, crop residues, or leaf litter from trecs
and shrubs:

0 practicing contour cultivation as wel] g5 other soil and water conservation
techniques.

In some arcas these approaches are practical onl for crog or vegetable
production because of the ¢xpense or labor involy ed. "i'hosc techniques that are
applicable to reforestation involve breaking up s.il layers (b{y preparing decp

' i the soil surfaces around
newly planted trees, angd the addition of leg itter. Soil conservation
tcchniques, such as windbreaks and mulching, can also be appropriate,
depending on loca] conditions,

Emphasis in dryland reforestation s placed on conscrvinf: and retaining surface
water that accumulates during the rains. Even in extreme y arid areas rain often
falls with high intensities. A water surplus builds up temporarily in the sojls
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 (he plants’ root zone s another. In any case, 4 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 Soi 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 algo be a
higth useful indicator of other soil characteristics that are more difficult to
determine in the field, such as organic content and soi] salinity. Inexpensive
and reasonably accurate "pH kits" are becoming increasingly available, making
pH tests t‘casigle on almost any site. The information thar 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 g 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 pI range of soils
generally varies between 3.5 and 9.5,

A pH value of 7.5 or more indicates that scme free carbonates of calcium or
magnesium are}rrescnt. Soils over 8.5 nearly always contain exchangeable
sodium. Low pH values in tropical climates, ‘on the other hand, indicate frec
aluminum levels, which can hinder plant growth considerably.
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[For a given soil, pH values can vary (Luitc 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 ranges. Casuarina equisetifolia, Azacia auriculiformis, Tamarix s p., and
date palms are among those species that tolerate highly alkaline soils. Pines and
mountain bamboos do better where soil acidity is relaiivel high and pH values
therefore low (4.0-5.5). As a general guideline, trees and shrubs in arid zones
will do well within pH ranges of 4.5 to 7.5. Proper choice of species s
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 varictics of this specics have been due to the fact that pH valuces of the
soils were much lower (6 or below) than the ranges required (6.5 or higher).
There are a few varicties of Lencaena that are better adapted to more acid soils,
but most require a relatively alkaline soil reaction, such zs limestone soils.

Anytime the pll is surpected of being as high as 7.7, cautior is indicated, not
only in choosing the zlpprorprizltc 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 pl1 5.3 and lower also require special planting techniques and
soil restoration cfforts. 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 rocE layers are covered with only a thin
layer of soil, and lateritic rock outcroppings are common throughout these
regions. The soils of the platcaus that exist in many arcas 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 an through cracks and fissures,
but often they will become stunted and deformed, inhibiting growth and
leading to carly 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 dy, wells provide a gooél
source of information aboyt sub-surface conditions. A 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 .'oo{z 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 Le made on this subject, the single most
important one is (o 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 crust, ‘ayers or
'pans” are present. [f no obstacles are met, most trees will have adequate room
in which to develop their roots, although it is known that some indigeneous
s‘pecics send their roots to much greater cFepth. A three-year-old Acacig albida
that was carefully excavated had a fine tap root that reached 30 feet into tie

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 abrupily, from darker tones to lighter ones below. Soil texture and
pH can also change with depth. Where wingde 0sits occur, upper layers may
Lging can happen where water-

bome sedimenis have been de osited. As a rule, lower layers are legg
i 0 tlllje surface where organic content s usually

igher. This is an important limitation when “deep planting" s being
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In summary, soil depth greatly influences tree and shrub growth, more so than
in smaller Ylanls. n soils less than three feet deep, only specially selecied
species will do reasonably well, particularl‘y if impervious layers prevent the
free movement of water. Three 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 aftecting loss of topsoil in arid and semi-
arid regions. Erosion by water is caused by surface runoff. Soil particles are
loosened by the impact of the runoff, then carried ¢own slope by the water, A
similar process of detachment #nd transportation occurs in wind erosion.
Several revegetation methods for use in erosion control are described in
Chapter 8, Agroferestry and Soil Conservation.

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

WIND \
DIRECTION 7

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, Jand use--
Particularly cultivation methods--and vegetation cover, The degree to which a
particular soi] type may be susceptible to erosion is also a functiop of various
soil properties:

0 Texwre: soils with a high Percentage of silt and very fine sand particles
(0.002-0. Imm) are more easily transc;)orted by wind and water than coarser
material or finer particles, which tend to cling together more,

0 Organic content: aj] other things being equal, the higher the organic
content, the less erodible the soil.

0 Soil structure: the articles in more syable soil structures are Jess likely to
be dislodged from the aggregate,

0 Permeability: 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 soi] properties, including thoge discussed above. I some African
couritries other soj] taxonomies may be used, however, and soils nay be given
different names under these classification Systems. Soil type is determined b
properties such as moistire, color, texture, structure, organic content, Hy
presence of salts and other minerals, soj] depth, and parent material. Man
standard soil survey texts describe distinctions between the classes in muc
greater detail. An introductory overview js given here that explains terms that
many forestry and conservation texts and project reports use.

Soil classification uses a special terminology to designate different soll textural
classes, which are determined by the relative resence or absence of different
particle size fractions, Soils rarely consist ofponly one fraction (dune sand is
the major €xception, but it frequently contajng some finer particles). They

usually consist of g mixture of sand, silt, and clay.

The basic sojl textural classes, in order of increasing proportions of fine
Fanicles are: sand, loamy sand, sandy loam, loam, si}t loam, silt, sandy clay
oam, clay loam, silty clay loam, sandy clay, silt clay, and clay. "Loam" is ap
old English word sometimes applied'to crumbl?)" souls 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 sicves to
scparatc the grains into different size classes. Gradation of particle sizes can be
determined this way orly for fractiens larger than about 0.05mm. To measure
smaller particle sizes (silt and clay), other methods can be used that involve
scparation in water. These require aboratory equipment not normally available
at project sites.

The different comgoncms.of a sn’l sample can be scparated by following the
Instructions in the box. This metiiod gives a rough estimate of the proportions
of sand to finer soil particles.
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Estimating Soil Conzponents
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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: loosc individual grains 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 hanidling,

o Loam: a relatively even mixture of sand, silt, and ciay. It feels slightly
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
casily. 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. It suspended the "worms" will barely
keep from breaking apart under their own weight. Clay loam tends to tum
into a compact mass when kneaded.

0 C!zl{: it forms very hard lumps when dry. When clay is wet it is plastic and
sticky. It can be made into "worms” casily.

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
casy to recognize or diagnose in the ficld. 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 soi{pH. Saline soils occur frequently in
arid zones, especially in depressions and basins where evaporation or
cevapotranspiration is high. The normal downward mevement of water tends to
wash or leach the upper soil layers, flushing salis out of the soil. In arcas
where evaporation is much higher than rainfall, moisture in the upper soil
layers is lrallnsFoncd upwards. "l%]e resuit of moistuse 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
Irrigation has been practiced,

"Black alkali" soils are formed when rains dissolve sodium and potassium
carbonates, dispersing the organic matter that colors the soj] 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
plil]qe. Calcium should be added to the soil to counteract the effect of the
sodium.

High concentrations of salts in the soil are toxic to most planis. -\ 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 electncal conductivity (ECw ) in millimhos per cm (mmho/cm)

A direct relationship between these vzlues exists. Of the three measures, onlly
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 salf levels are relatively low (below 4 immho/cm),
strong concentrations of sodjum salts can be '3 significant obstacle to
reforestation efforts. This soil property is expressed in terms of the soil's
Exchangeable Sodium Percentage (Eg‘,P). If the ESP value is above 15,
reforestation efforts are likely to fail unless recautions are taken. Salt tolerant
species 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 zojl 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 ebvious problem is to know what to ask and what to look for to avoid
unsuitable sites. In terms of salinity problems ir, general, the following are
specific situations that indicate potential trouble. Such sites require more
thorough analysis, and i may be necessary 10 request assistance from a

qualified soil scientist.

0 White aikali saline soils typically have high conductivity (over 4 mmho/
cm), an ESP bejow 15, and a PH of 8.5 or above. Heavy leaching through
over-irrigation can make them more productive,
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o Saline-alkali soils (over 4 mmho/cm, ESP above 15, and pH around 8.5)
can also be made more productive through lcaching. Nevertheless, the
calcium concentration of the soil must be increased to prevent dispersion of
soil particles and reduction of permeability so that lcaching 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 13, and pH values are in the range of
8.5 1o 10. Again calcium must be added for leaching to take place. Obtain
additional u(%vicc before planting on these sites.

o TForsites with ECw values of 6 mmho/cm, species must be selected with
camion. 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 irrigated sites should not be higher than
4mmho/cm, especially if species such as Azadirachta indica are to be planted.
IFor all but the most salt tolerant species, problems with irrigation water will
begin in the range of 2 mmho/em. At higher ECw values, a sandy mix in
seedling containers and deliberete 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
scedling production, in spite of cautionary measures that were taken.

Laterite Soils

Laterite and lateritic soils in dryland Africa pose special problems for forestry
and soil conservation in many arcas. Often t ey restrict vegetation growth and
limit the choice of species that can be used in reforestation efforts. As
underlying parent material (o soils that arc often shallow and casily 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 arc quite high, and

o geologic rock formations that developed 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 (Al203 and Fe03) 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 propertics pose special challenges as a medium in
which to grow trees and shrubs. Lateritic soils arc deficient in basic piant
nutrients, because typically most of the soluble iron, magnesium, so ium,
otash, phosphorus, and nitrogen have been leached out of the surface
1orizons. 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
cither runs off or cvaporates 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 nrocess
has to be tediously re-established, with substantially decreased productivity.

Physical site improvement is necessary for de 2raded lateritic soils, even to the
extent of micro-site improvements for individual trees. Surface treatment is
required to increase infiltration and waler 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 cevelop. Soil
surfaces must be kept loose around young trees and as mucls organic matter 45

ossible must be provided in the form of leaf litter ang other plant residues.
()Vilh careful ground preparation and maintenance, revegetation is possible on
such sites.

In many arcas 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 rurai communities. Many foresters in arid Africa have
traditionally foregone natura) 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, cxotic Species.
Management of the existing vegetation of communal woodlands may be the

best zlﬁcmmivc on lateritic soils,.

Experience has shown many of the exotic species introduced for fuelwood
production are totally out of their element under these harsh, demanding
conditions. Naturally ovceurring 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 interes along these lines is the recent experience in the Sanel in
the restoration and management of the shrub savanna, where local eprzies of
Combretaceac and Acacia make up the dominant vc§ctut|on. In the Bandia

Forest in Senegal, Management of existing stands of cacia seyal may have
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more potential for biomass production on lateritic sites than fuelwood
lantations using Fucalyptus camaldulensis. In the Guesselbodi Forest in
iger, research into the management of natural stands of Combremm

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 regeneration include
promotion of stump and shoot sprouting, enrichment plantings, and soil
preparation to increase natural seeding and germination.
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5’ SITE/SPECIES SELECTION

Site Selection

For the type of reforestation effort with which this manual is mainly
concemecﬁ’ it is usually necessary for the planner to think in terms of at least
two locaiions: 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 fiom the be inning, tecause, as a
site in need of reforestation, it may have been the key element in determining
the scope of the project. Planting sites may, however, be chosen at a later stage
in the planning, after an analysis of larid use und resource needs has been
completed.

Nursery Site

The nature and scope of the project determines the type and size nursery 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 lantings,
shade trees, woodlots, or soil conservation projects. Such centralize(!J nurseries
are frequently maintained by government funds.

Temporary nurseries are used when seedlings are needed only for a project that
will ge completed within a relatively short time. These aurseries 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 lecally owned and managed may be
feasible. These nurseries can be operated by individuals, families,
cooperatives, youth or women's groups, or as a community effort. They may
be located within family compounds, in coinmunity garden areas, or whevever
an adequate water sourre 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) 4
road that is passable for heavy trucks during the rains, and 3) the nursery
supervisor's or workers' living quarters.

If plastic pots or other containers (plant leaves, cardboard boxes, cla jars) are
used, finding a good site is not difficult. Pots can be filled with soil rought 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 epen-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 hel(r surface water drain away, and protection from
prevailing winds is also desirable. Often 1 large shade trec in one comer of the
nursery is useful to protect ve young seedlings tfrom extreme sunlight. It is a
good idea as well to find out whether the land next to the nursery site would be
suitable and available if the nursery had to expand.

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

0 availability of water year round
0 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. \b)fﬁcials and community members must
meet to consider the following points wien choosing a site:

0 Who owns the land? Who has the water rights, il anvone? Who will own
the trees once they are planted? Who uses ihe land currentiy or has used it
in the past? What are their claims to it now?

0 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 wil receive the proceeds from the sale?

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

0 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 transportation and marketing become important. The site in turn
determines which species and plantm§ 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 afreement should be drawn up between
the various parties involved. This should outline project goals, responsibilities,
and a management plan for :he site. The agreement is necessary to protect the
participants, to ensure that everyone's expectations have been met, and to

prevent fut:ire misunderstandings.
Species Selection

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

before matching particu%ar species to %iven sites. To do this successfully it is

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

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

§pecies 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 ofythe day to reduce transpiration. During
an extreme drought many species have an unusual die-back/recovery capability:
portions growing above the ground die back com letely, but new shoots
emerge from the root-stock when soil moisture conditions are again favorable,

The imﬁortant 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 arcas,

Climate

In dry areas of Africa, the single most limiting climatic factor is rainfall. Before
the project can be started, mzanagers 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 example, if the total rainfall
oc_curds within two days instead of over several weeﬁs--the project can be
ruined.
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There are other things about rainfall to consider. For example:

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

0 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 species that grows well in a region where the rain falls during
the winter usuale 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 mican annual preci itation,
measured in millimeters (mm) per year. In the tropics, however, annualp rainfall
tends to vary greatly, so it is necessar% 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 rainfgall zones in Africa.

Drought

No one can accurately predict when a drought will occur, but foresters should
make use of previous records in droy ﬁt prone areas to determine the
suitability of a species for a piven site. Unfortunately, the drier the area, the
less reliable the average rainfall figures usually are, and the greater the range of
averages 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 o1’ 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 éom other
areas or countries. Obviously, under arid con 1tions, 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

Acacia albida

Acacia radiana
Acacia senegal
Annona senegalensis
Balanites aegyptiaca
Boscia salicifolia
Commiphora africana

Medium Sites--500 to 900mm

Adansonia digitata
Anacardium occidentale
Azadirachta indica
Bauhinia spp.

Cassia siamea
Combretin spp.
Eucalyptus ~amaldulensis

Moist Sites--900 to 1200mm

Albizia lebheck
Anoegeissus leiocarpus
Borassus aethiopum
Butyrospermum parkii
Casuarina equisetifolia

Dry Sites--200 to 500mm Mean Annual Precipitation

Conocarpus lancifolius

Dobera glabra
Euphorbia balsamifera
Maerva crassifolia
Parkinsonia aculeata
Prosopis juliflora
Ziziphus spp.

Ficus sycomorus
Haxoxylon persicum
Parkia biglobosa
Salvadora persica
Sclerocarya birrea
Tamarix articulata
Terminalia spp.

Cordia abyssinica
Dalbergia melanoxylon
Erythrina abyssinica
Markhamia spp.
Tamarindus indica

On the other hand, species introdne
undergo severe stress wiwen inings
than those species that occur natur.
able to survive drought conditions,
rowth may be slower th
m in trying to introduc

c

ed irom more favorable climatic zones may
gui Gry. They are often less able to survive
ally on dry sites. Even if these exotics are
hey may not grow normally or rapidly. In
an the indigenous vegetation. This is the
e 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 suitabfe 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 vinds and they should not be
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compacted, Preferably 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 preceding 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 s0il? Are there any potential problems with
pH or salinity?

The presence of "indicator plants" on a site can Frovide clues as to the soil type
that one can expect to find. alatropis procera , for exam le, is often found on
degraded soils where the nutrient pool has been depleted through intense
cuﬁivation. 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 | ing arcas where soils contain a relatively
large proportion of fine particles. What is already Frowin on the site can be
the best clue as to which species will be compatible. On eforested sites, the
most ecologically sound solution may be to restock the area with the original
natural vegetation,

OIher. I r:viror_zmental Factors ) )
In addition to clm_mte, 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,

0 Slope - some species are especially useful for erosion control on sieep
SIO)Jes and unstable soils because they have lateral root systems (Acacias,
Balanites acgyvptiaca, Anacardium occidentale ).

0 Topography - rough, broken terrain may have a great deal of van'ation_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,

0 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 oiher 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
ogjcctivcs, a plantation may also include more than one species. An example of
a multiple-use species. Anacardium occidentale, is very valuable for soil
reclamation and protection. It also produces fruits and nuts (cashews) that can
be used for IocaFconsumplion 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 rapidly 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 ccnservation,
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. camaldidensis 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 prioritics basccfon the project's
purpose, Project goals shouid be formulated with consideration f'c))r focal
expectations and preferences.

Human Factors

The key is to discover what the residents of an area would like tlie project to
do, ancf,what is attractive to them. For example, if Acacia albida’ is ighly
thought of locally and can be grown on the site gc it meets the environmental
constraints), andyit 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 lpans of Senegal, the cashew tree is regarded with superstition because it is
believed to attract ghosts (Hoskins, 1979). In other countrics the cashew a ple
is thought to be poisonous if eaten with dairy products. In some areas wﬁcre
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 "coui;h drop" odor
imparted by resins in the wood that are released when burned. In some areas
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people have devel(}ped a taste for Eucalyptus and prefer it to other woods; but
in other areas i)eop e object to the flavor the smoke gives to food--as well as to
the smoke itself,

Legal Constraints

As mentioned earlier, many countries rotect and regulate the use of natural
esources and of certain tree sescics. Nl 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. §uch information " is readi] available on a local hasis,
however, and foresters familiar with an area wifl, know the restrictions that are
enforced. Appendix B, which provides details for some of the common trees
of arid lands in Africa, does .10te when 2 species has certain legal status.

A number of tree species of sub-Saharan Africa have been re ulated by Jaw
(see box). This list can be referred to in considering the f%nal choice of
specices. Species that are already protected by law may be more appropriate for
a conservation project than species with no such restrictions. On the other
hand, a species that requires special permits for use may be less desirable for 4

production oriented project.

Tree Species Regulated By Law in Africa

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

Acacia albidg Hyphaene thebaica
Acacio scorpiodes Khaya senegalensis
Acacia senegal Parinari macrophylia
dansonia digitatq Parkia biglobosa (Benth, )

Balanites aegyptiaca Prerocarpus erinaceus
Bombax costatum Sclerocarya birreq
Borassus aethiopum Tamarindus indica
Butyrespermum parkii

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

Acacia macrosiachya Landolphia heudeloy;
Acacia scorpipides Lannea microcarpa
Adansonia digitata Prosopis africang
Anogeissus leiocarpus Pseudocedrela kotsch 373
Bulanites aegyptiaca Prerocarpus eri neceus
Boswellia dajfzielli Prerocarpus tucens
Ceiba pentandra Saba senegalensis
Dalbergia melanoxylon Sterculia setigera
Detarium senegalense Teclea sudanicq

Elaeis guineensis Vitex cuneata

Guiera senegalensis Ziziphus mauritiaeq
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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 uecessary to allow for rational
traffic pattems and adequate work space.

A good way to begin planning the nursery des gn is to prepare a detailed sketch
of its layout. Show the size and location of the beds and “ater storage
facilities. Plan for irrigation during dry seasons and drainage during the rains.
Allow room for walkways, driveways, and turnaround space as needed. Leave
enough space for storage 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.

NuweseRy Lpyour
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Open-Rooted or Potted Secdlings

Some species cannot be moved casily or transplanted safely froni a nursery 1o 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

cither in pots or as open-rooted stock, each method has advantages and
disadvantages that should be considered.

trees are raised by the open-rooted method, and it is
also used for Cassiag siamea, Khaya senegalensis,

i In Africe, most of the Azadirachta indica (ncem)
Sclerocarya birrea, and some species of Prosopis.

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

o There is less weight 1o transport from the nursery to the permanent
site--pots are heavy.

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

o Secedlings 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 cxlposc;i to air when the plants are lifted out of the nursery soil
ien th

and again w| ¢y 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 neually refeired 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.

=]

The time in the nursery is shorter, and although pots require expense at
the beginning, 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.

0 Root growth is contained in a package that is casy 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 upontime saved in the nursery or on the expense of making

certain soils ready for open-rooted planting).

o Scedlings 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 cnough. Usually the pot is a standard 8cm (3 in.)
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diameter by 30cm (9 in.) depth. 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 seediing containers
(2.5cm diameter by 5 to 30cm depth) in the United States and the Caribbean
These are made o styrofoam, cardboard, or plastic, and are much easjer 1o
transport than the larger pots. It 15 not clear, however, if they are appropriate
for use on dry sites, and ey are likely to be considerably more expensive than
the widely used plastic sleeves.

Pianning 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

?ols or will be open-rooted. If the open-rooted stock method is being used,
igure that cachfrou ]

cast-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
i i i n Fm so that weeding in the
center can be done easily. A bed that is 1m wide and approximately élo 7m
long can hold about 1,000 plastic pots in 12 rows of 83 pots.
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# NUPBRIY BEDS

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

3eds are usually cither stnken or raised, depending on species and site
conditions. Sunken lLeds cetain 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 secdlings with a well-drained and aerated rooting zone for

optimal growth.
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Other Nursery Design Considerations

Access

Long distances for hand carrying can be avoided by planning driveways in the

layout. A small truck should be able to drive into the center of any nurse?' that
1

holds 10,000 seedlings or mor . It is even more useful jf the nursery has a

central access road that runs the tull 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. Experimental plantations’are also often located on a parce]
adjacent to the nursery, for casy observation and o serve as 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 trans lanted from a germination box into pots, or during
the worst weeks of hot, dry weather. Shade cdn be used as a technique to cyt
down loss of plant moisture through transpiration if it i difficult to provide
adequate waier year round in the nursery through irrigation.

Too much shade, however, will cauge seedlings to ke spindly and weak. The
should be protected from the sun only when neeessary. Sone seedlings are
raised in full sunlight from the time they germinate, sually shading is on]
necessary for a short time. Most species acglpt th nselves early and quite wel]
to full sunlight,

]
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If a large shade tree is available in the nursery, secdlings 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.

e advantage of this method is

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

times of the day.

SHADE
SREBNED ZoNSTANITLY

Eﬁ@fg TO NORE TIRECT
“COMXCH PE WILL cAUSE W TREES GET OLPER

o T ey
AN S ROW K .
T oNo WHEN

PROVEN NECESSARY
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Gradually move the seedlings into the full sunlight: this will help prepare them
to survive full exposure to the sun at the planting site. Seed ings 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
relicve the stress of moisture loss during the transplanting process.

Ground and Soil Preparation
Clearing the Site

The first step in preparing the nursery is to remove all but a few trees that may

there already. These trees are kept for shading young seedlings until they
can stand full sunlight. Aside from these shade trees, old trees and quaitities 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 js sometimes possible to
move them elsewhere. Al] remaining roots, stumps, and other vegetation
should be removed from the area,

Providing for Nutrients

If open-rooted stock 15 beini; raised, ideally the soil should be fertilized to add
nutrients. Open-rooted seedlin s draw large amounts of nutrients from the soil
and special fertilizing efforts should be made, particularly when preparing the

or keep good
soil structure, Commercially produced fertilizers are often needed to supply
sufficient phosphorus. In many areas, however, these chemical fertilizers are

Beds for Open-Rooted Seedlings

Beds for open-rooted seedlings can be either raised or sunken. In either case
the subsoi? must be broken up and loosened to allow drainage and root
development, and com osted organic matter should be thoroughly mixed into

5]. There should be no large clumps of soil or organic matter. Sunken
beds are usually about I5¢m 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 100 expensive, however, and the beds are simply

maintained regularly.
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Preparing Raised Beds
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i’rocedures 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 andled. Good results
have been achieved by mixing plain sand with sieved cattle manure at a ratio of
1:1. It may also be desirable (o include some clay in the mixture so that the root
ball holds together welj during transplanting, (g,ld termite mounds are often a
good source of clay. Other ingredients that may be included in the otting mix
are charcoal dust, compost, insecticides or fungicides, and chemicalp fertilizers.

Clay and organic matter should always be sieved to get rid of any large
clumos. 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 heavy wire
mesh (I-em openings) with a wooden frame for support, This is ropped up at
an angle, and the potling mixture is shoveled through it. Any ¢ umps that are
too big to pass through the screen can be dried and pounded to break them up.

Manure should pe sifted before it is used ¢+ make the potting mixture

Heap the mixuure in sizable piles in the nursery work areq
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Filling Pots

Once the ingredients have been thorouiéhly combined the pots are filled. It is
important to teach nursery workers to fill the pots properly in order to ensure
efhciean' as well as good quality seedlings. The fol owing pages illustrate
how to fill and sink pots for the best results.

FUNNEL
PLASTIC
PO .
Fill tl:e pots using a metal Scoop the mix into the funnel.
or plastic funnel just large The soil is lightly packed as
enoigh to fit the top of the pot is being filled by tapping
the pot. the por on the ground with

the funnel held in place.

Fill the ports full. Watering
will cause the mixture to
settle to about 1/2cm below
the top of the pot.

FILL. TS o
THE BRIM UTILiziNg
A TONEL




70

OIS SHoULD Be FiLLeD ™ THE ToP

ffe NOT PROPERLY
A PROPERL Y
ILLED o THe FiLLep 7

§
v <

= x_OLL-AR‘

WILL NoT GET AL SOOMES 4
N THAN LS e REHLL
THE WATER. . WITH <crEENED

TOIL R SAD,

SLGHT  IMPRINT
Wﬁ"l ERS

4q Eer grma for
/- —§ WAS, FIRMLY
I TSORVEEZED.

(N
5
A
o
"
¥,




71

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 sunburn and excessive heat. Slightly
countersinking or burying the rows of pots helps. Use the earth dug out from
this operation to build'a wedge against the outside pots to protect then.
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Itis very important that the beds be level an
even rows so that they do not lean, Separ.

d smooth. Stack the pots in straight
1,000 makes it easy to keep track of how m

ating the pots into units of 100 or
any 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
arc transplanted and upon planting them at exactly the right time of year.
Therctore, the timing of the secding operation must be carcfully planned.
Ideally, a tree should have as large a root system as possible before
transplanting--this ‘ncreases its survival chancés. But trees must also be
rcasonubl{ light and small so that transportation and transplanting can be done
more casily.

Location, soil, the amount of sunlight and water, and other factors can affect
the time nceded 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 carly emergent stage to survive the extreme dry heat
and winds occurring in sub-Saharan Africa during dry scason 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 transplanting to their permanent sites immediately after the first
rains. To time the planting correctly, foresters determine how long cach species
to be grown has to remain in the nursery. Then they calculate the dates for
sceding by subtracting the estimated time in the nursery from the number of
weeks left before the predicted start of the rains. Thus i%k‘acia albida is to be
seeded in plastic pots (see chart on following page) and if the rains are duc to
start in 24 weeks, it can be figured that the pois 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 classifics
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 aculeats  Acaciaalbida Acacia nilotica Balanites aegypriaca
Acaciaradiana  Acacia senegal Butyrospermum parkii
Anacardium occidentale  Casuaring 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 Azadirachia indica
Sclerocarya birrea Gmelina arborea

(1) Transplanted into pots
(2) Seeded dircctly 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
18 nnoessary (o gather seeds from trees in the area, and prepare them for use.
Seed tree selection and seed collection should be supervised by trained
personnel.

Sced Collection

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

eing picked, long handled pruning shears can be used to reach higher
branches. Collection can be made more cfficient by spreading large pieces of
cloth, mats, or tarpaulins under the :soes to catch the seeds as they fali.
Whenever possible, seeds are collected s soon as they are ripe, otherwise
many of them may be eaten or damuged by birds, animals, or insects,
Damaged sceds are less likely to germirate. 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 operations. The fruits of many species in
Africa mature during the dry scason. 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 sceding 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 form, and resistance to discases and insects can be passed on
rom one generation to the next. It may be difficult to determine which parent
trees will produce superior offspring, however, because environmental
variables can complicate the ﬁ)iclure. tree with high genetic potential, for
instance, may appear to have slow growth because it is growing on a poor sitc.

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 ei poles for construction, but bushy trees and shrubs that
coppice casily are appropriate for firewood or live fencing. If foliage or food
production are the primary pro{iect goals, then the amount of leaf or fruit
production a specimen is capable of is more important than its form. In soil

conservation pro{lccls, the longevity of a potential seed tree should be
considered as well as rapid growth.

Thesc characteristics are usually difficult to measure when com aring
individual trees. Furthermore, the combination of traits that are sought can
rarely all be found in one soccimen. Gencrally, several sced trees for cach
species are selected. In selzcting 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 spe-ies 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 casily 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 by winnowing them through the air (mortar and wind separation). Most of
the Acacias and Cgassia Simea seeds can be extracted by this method,

The fruit of pulpy species, like Balanites aegyptiaca and Azadirachty 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 only then can the remaining hard shiell be cracked with a hammer to
remove the seeds.

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

S

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 spoi! and rot 1n Storage, so they must be
dried in the air first, Then they can ge stored in dry containers such as jars,
boxes, or bags. Care must be taken to keep the containers off floors and away
from walls, '%his practi

containers.

Store the containers so that ajr 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 ¢ .n 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. Refular and (ﬁradual 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 already in the soil to germinate and become
visible before the tree seeds are planted. Then all the newly emerged weeds can
be removed before sowing. Weeding at this point saves time later and increases
the young trees' chances ?or survival,

Pretreatment of the Seeds

Most sceds must be treated in some way to give reliable germination results,
Some seed coats are imFemlcable to water and will not germinate without help.
Prctrcating; the seeds also causes them to germinate faster. This is important
because if some seeds do not erminate, the beds or pots can be resceded
without too much loss of valuabi;e time.

As a rule any seed that has a glossy, hard cover (for example, most of the
Acacias) must be treated before it iSJ)lle][Cd. 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 Azadirachia 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:
0 Bring water to a boil in a suitable container,

0 Remove from heat and let stand for five minutes.

=]

Add the seeds and let them soak overnight,

=]

Plant the seeds next day,
Scarification methods:

o Use sand paper to scratch the il (this can be time
consuming),

0 Mix the seeds in a container with wet coarse sand and shake
the container.

0 Use fingernail clippers to crack or nick the seed coat, being
careful not to clip the seed germ,

o Immerse the seeds in an acid bath for a few seconds (be
careful to store acid solutions 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.

Fil WiTH RENOVE ALL
—A “O\IL GERMINATED
WELELDS PRICA
WATER ¢
SEEDING
STEP 4
LAY 4pED COVER SEEDS
m“fg %) ot L TIMES
ol THEIR sMaLLEST
WITH THOMES DWMETER WiTH
FINE <L
Planting seeds

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

Seeds are spaced according to their predicted germiration rates. In other
worus, 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 seeding, extra seeds are planted. The
seedlings are thinned to the desired spacing later. String can be used to lay out
straight 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 transplanted into pots, or they can be seeded directly into pots, using
the method illustrated below.

SEEDING EOCALYPTUS

STEP 1 STEP 4
PUT 2-5mm ex
WOTER INT> A ?;TANE;!,“ ’“Tfe“%f“—
we 7] TEPTH No arEATER T
STEP 2 U @ MM
oy NOTE: ANV WATER NG
METHOD RBE USED .

XNosTeN NEEDLE
CR TR\ SLWER oF WO D

0 & WeGUT NoT ,
MORE THAN 3my  OIEP 5

STEP 3

YoU WIlL Fivo SEEDS
STICKING 1 THE ROINT

IV Encalyptus seeds are sown 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 3ot available, the Nobila method, illustrated on the following pages,
can be used.

XNobila Method

In the Nobila method, capillary action in a special sand erminating mix is used
to provide constant moisture around the seeds without aving 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 inte Pots

Eucalyptus seedlings started in ermination boxes should be transplanted into
pots when they are about 2§-50mm tall and have several leaves. In
transplanting the tiny’ scedlings, grasp them by their leaves and not by the stem,

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 possible, the seed beds should be mulched. Mulch is the term for
maten’a]l; (for example, decayed leaves) laid on the seed bed to keep down soil
temperature, inhibit weed growth, lessen erosion damage, and help the toé)soil
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 Le checked often for damage and insccticide
applied if necessary.

Watering

Watering is relatively easy if plans have been made carefully. Even such
improvements as water storage tanks beside the nursery beds are useful. The
general rule for watering is simple: adequate 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 in. The plants should be
watered every day, including holidays. A strictly followed watering schedule

will promote germination and seedling survival.

The seeds should be waterzed as soon as they are planted. For at least the first
month, watering should be done twice a day (cf course, it is often necessary to
maxe 2llowances for soil types and locations that make more or less water
necessary). 'Watering shoulc{ take place in the early moming and late aftemoon
or evening. The plants should receive about Srm of water ew.ch 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

DALY AEQUIFHEMENT .
AT 5 AOWSH 4 Scm
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= |00 . O™
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™ OPEN PooTED <Tock
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If this calculation is used and followed, there will be ¢ nough water even under
the most demanding circumstances. If all the conditic. s in the nurse% remain
8024 auring the project--if there is enough shade, . utection from i

effective watering during the coolest part of the day, and good water retentior
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 ot 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.

AASTIL o1

THS BED COtAINS :
S0 THEES.
L ’ b

W

(7 N[B'g PEQUIRENENT ¢ L5« 20: 0.0z 1 e
ArPeox 2064,

Cultivating

Young rursary 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 keeﬁ the surface of the soil loose and crumbly. Sticks
or hand weeding tools are all that s 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 1o thin the Koung plants. When therc are too
i i € resulting trees are of uneven

Seedlings should be thinned before root competition becomes severe. The best
time is usually when the plants are between 10 and 15 cm tall. Thinning is
done by removing enough seedlings f-om the bed to result in an approximate
Spacing of Scm between each stem, Ti,. seedlings that are chosen to remain
should be the ones growing the most vigorously.
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1O-15cm
<
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THINNING OPENRCOTED smock

Sometimes eunpty spaces in beds can be filled with plants that become available
as a result of a thinning operation that took place in nearby beds. This has been
done successfully with Azardichia indica, Parkinsonia aculeata, and even with
some Acacias. Such an operation will succeed if the following precautions are
taken:

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.
0 Roots are exposed to air as little as possible.
o Experienced workers with proper tools do the work.

0 Air pockets around 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 1perforated in the bottom.
Small roots will grow out of the holes into the soj below, and if nothing is
done to prevent it, the tree will develop a second root systemn 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 destroycd when the pots are
moved. This kind of situation def}éals the main objective of using pots, which
is to allow trees to be moved and planted with the least disturbance of the ront
structure,

CUT ALL AcoTs
WHICR ARE GpowiNg

Root pmningf; prevents the development of a root sfyslcm 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 runing 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 peisonnel niust watch constantly for
signs of disease or insect attack and be prepared to respond itmediately when
problems are first noticed. Pests can spread quite rapidly in the nursery, and
delaﬁ' in treating the seedlings has been known 10 result in loss of much of the
stock.

The Inte rated Pest Management (IPM) approach involves e usc of
chemical, biological, and cultural practices for economical and environmentally
sound plant protection. Althou gh the dangers of chemical pesticides are now
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recognized, they are still widely used in situations where other pest contro]
methods are incffective. Bio ogical 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 lhccrcsl 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. Repeliant species are often other plants that produce substances that
discourage certain insects from remaining in the vicinity. The Neem trees
(Azadirachta indica) are believed 10 have this property of repelling a wide
varicty 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 roperly
tended and watered, or that are deficient in some nutrient, will be more
susceptibic to insect and disease attack than will well cared for seedlings.

Insects

In dry wropical regions, insects are most active and numerous during the rainy
scason, 'I‘gc life cycles of many ins:ct species have adapted to the climate so
that they do not hatch out until after the first rains have fallen. Because scedling
roduction takes place during the dry season for the most part, insects may not
e as great i proglem 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 inost commonly found insects in the nursery are termites. While they
can do extensive darnage to scedlings, not all species of termites are pests.
Some species consume manure and other compost, therety aiding in the
decomposition of organic matter, bui do not bother live plants. Termites can
also improve the soil structure by breaking up hard layers and increasing
Forosity, thirough their tunnel-building activities. Some termite species will,
1owever, cat 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 nnt affected by these
compounds. Thus it is not uncommon for one tree species to be under attack in
the nursery, even though the other seedlings arc unaffected. Before be inning
any sort of treatment, it is very important to assess the extent of the gama e
and whether or not it is confined to one plant species. This can help in lﬁe
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 €asy, particularly in the tropics
where many species have Yet to be classified. If the Insect cannot be identified
withpblit 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 man 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 hancﬁ however, rather than resorting to chemical
extermination, if:

the insect outbreak js caught early enough,

the insects are casy to see and grasp,

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

©Oooco

If other insect era(jicatiop methods cannot be qsed,_ most insect %roblems can
be controlled by Insecticides. Their application js discussed below under
Pesticide Use.

Disease

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 Fots and attack the roots or stemns of the Floung Plants. Often the
first noticeable Symptom of damping off is a disco ored, "pinched" stem.
Sometimes, however, the leaves of the seedling seem to be drying out,
although the stem stjll a pears to be healthy. Shortly thereafter the seedling
begins to wilt and dje. ungal diseases can ‘spread rapidly, and there is little
that can be done to revive the plants once they have been infected.

Beds and potting mixtuies - .- be treated with fungicides before seeding, but
this will destroy the benefi¢  * 'ngi in the soil as well as the disease varieties.
Damping off can be revented to some extent b avoiding overwatering and
stagnation in the beds and pots. Soils with hi pH (6.0 or above) are less
susceptible to infection, andp some species, sucE 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
é{ansplanted into pots when they are 25-50mm tall, and more resistant to the
isease,

Other diseases in the nursea' 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.

I 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, turning
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 ci)uickly. A number of products are
avaif;ble in the bigger towns throughout sub-Saharan Africa. Pesticides kept at
the nursclry 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 usc has becn suspended or
controlled 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 warnings given on the label, however,
because it is also extremely toxic. Improper use of dicldrin can cause severe
illness and even death. In addition, Dieldrin must be applied so that none of
the insecticide gets on the foliage of the trees--even smalll)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 product

Chemical ingredients otp the product

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

Pests for which the product is infended

Net c~ntents of the container (b weight or volume)
Instructions for mixing and app{ying the product

Instructions for storage or disposal of the product and container
Warnings and precautions (of hea’:n « r environmental hazards)
Emergency treatment

[=l=eloNeNoNoNoNoNole)

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
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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,

Itis extremely dangerous to man if not used correctly,
Do not apply directly to animals or let animals eat treated crops.

Do not dump extra sclution into lakes, 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 so0n afterwanl:

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

0 Bring the insecticide container or label so tie doctor will know what
poisoned the person,

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

0 Mix a tabtespoon of salt in a glass of warm water and make the victim
vomit, or stick your finger down the person’s throat. Make him vomi!

0 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:
© Get the clothing off and wash the skin with soap and plenty of water,

0 Get medical attention as soon as possible.
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eroject planners include 34 Pesticides: Is Safe Use Possible, published by the
ational 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 1in 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. IFor example, Acacias have very long root systems compared
with Lgeir growth above ground; Azadirachta indica develop rather tall, single
shoots over a limited root growth. The only way to find out the relationshiF of
above-ground growth to root system is to expose the root systems of a few
sample trees of each species.

When lifting out operi-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
wecks in the nursery. This lessening of water intake helps prepare trees for the
less steady water supplies they are %ikely to receive ut tﬁe 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 nurser managemcntfructice to cull the seedlings before
transplanting. The seedlings are %rade in terms of their size and vigor, and
any that are not within acceptable limits are re jected or culled. Generally about
15 percent of the nursery stock is culled before a planting operation. Some of
the culls can be kept in I&c 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, u‘t\usin%l their root sg'stems 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 Jjudging 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 Im tall. Open-rooted stock can have between
1.5m and Zi 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 LKeir growth above ground; Azadirachta indica develop rather tall, single
shoeis 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.

Wiicn lifting out open-rooted stock, it is usually the case that no more than
20c1 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 helEs prepare trees for the
less steady water supplies they are %ikely to receive at the planting site. About
four to six weeks before removal, watering is reduced to once per day. After
about a weck at that rate, the young trees should be watered every other day. If
the trees do not begin to wi': ihe amount of water can be reduced further. If
the trees do wilt, however, additional water must be applied immediately to
prevent permancnt damage,

Culling

It is a standard nurser management practice to cull the scedlings before
transplanting. The seedlings are radedpin tems of their size and vicor, and
any ihat are not within acceptable limits are rejected or culled. Generaﬁy about
15 percent of the nursery stock is culled before a planting operation. Some of
the culls can be kept in rt{ne 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 de"srmed,
Overgrown seedlings will have a higher chance of mortality than smaller
seedlings with normal root development. An seedling that loozs unhealthy or
diseased should be culled. It is better not to pﬁmt poor quality seedlings than to
expend a lot of energy on trees that are unlikely to survive.
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THE PLANTING SITE

Site Management
Planning and Organization

The planting site should be cumpletely ready well before the first rains are
due, Ecczlusc the trees must be transplanted as soon .5 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 raies decrease greatly. Transplanted trees
need the entise (2iny scason to get 2 good start, "ﬁlercfore, nothing can be
gained by planting it 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 roper planning and advance preparation, which
shouid include aliernative plans for action and substitute resources in case
difficultics occur.

While it is difficult to give specific guidelines for organizing p]zmlinf; work
because each project is distinctly different, foresters o “en finA the fol owing
nninters helpful:

o Make contingency plans, especially for transportation and labor. It is very
important that no deluys occur. Planting ‘s the time where careful planning
and good relationships with the warkers and the comimiunity pay off,

o Plan realistically and attempt only what can be accom lished. A small, solid
Jjob, well done, is worth more than a marginal performance on a larger
scale. Goals should not bz se* so high that they cannot be achieved.

o Each planting efiort is worthwhile, and is worthy of the same degree of
persona! commitment,

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

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

Site Delineation

Well before the trees arrive, the fence or other protection should be in place.
The control of land use at the site and the linzs of authoritv should be clgar to
cveryone in the area.

Access routes to large sites should be established, and road work completed, if
necessary. In large plantations, a four meter strigeshou. 1be left just inside the
repaired easily. If the site js
large cnough to have firebreaks in addition to space left for the roadway,
firebreak areas at least 6m wide should be planned and completely cleared.

Roads and fences in place.
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Clearing

The area around cach tree's location should be cleared of all vegetation,
including roots. Each free 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 Elaming
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 detcrminin% the number of trees that can be

planted on a site according to the arca needed by the tree:

Area Per Tree Trees per Hectare
2m x 2m 2,500 pe - hectare
3mx3m 1,100 per hectare
4m x 4m 600 per hectare

10m x 10m 100 per hectare

Scme, if not most, of the large trees of Africa seer to be loners. Acacia albida
ana 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 vehicies.
This use of vehicles is not as likely in a village situation, however, nor where
the ground is very rough. In these cuses, precision spacing is not called for,
and 1t is better not to waste time trying to space the trees exactly. Spacing can
be done very simpiy and casily by determining how many shovel lengt%s or
steps must be left getwecn each of the trees being planted. The first linc of trees
is planted along a boundary line such as a firebreak or road. The second line is
then oriented parallel witii 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 to 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 usuaiiy 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 the~ it was before digging,

Each hole should be approximately 40cm wide and 40cm deep. This size
should hold either open-rooted or potted scedlings 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 must have pienty of room. It is a good idea to set up a numger of
small deposit points for unloading trees so that hand carrying can be kept to a
minimum. Each team should know in advance the exact area In which it will be
working. As soon as the work plan is ready, it should be discussed at staff
meetinzs. The crew chiefs will know what is expected of them and their
assistants. If everyone is sure of their job, the work will g0 much :aore
smoothly.

M\ >
WM

BEMOVE & ThisPonT
MATE &N

NURSERY
START AT BRIT GATE FiReT

Moving Potted Stock

Transporting plants in plastic pots is relatively easy for the plants, but is more
difficult in other ways ghe pots are heavy, for example). However, since well-
watered pots can be Toaded 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 young stock must be dug up slowly and carefully using shovels or other
sirong tools to dig carefully around the roots,
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Even during careful digging, the
majority of roots break. These Greaks
sometimes leave long, tearing wounds
through which the tree loses moisture,

and disease can enter. Therefore, as CLUT PooTe
soon as open-rooted seedlings are lifted WEATL
out of the ground, the roots, especially X

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

After the r>ots 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
Elaccd over the mud, and the entire bundle is ticd together well. Water should
e poured over the bundle before it is loaded and taken to the site.

Some special preparations are used to reduce trans?(iration (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 iast two or three
leaves near it. The plant must not be ripped and torn, 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 bundlges are made. The stripped
leaves can be used for packing and wrapping material to protect the roots
during transport.

— LEAVE TP Nours growh

Jr— REMOVE OLER, 4POWTH

- N
<~ =STRIPPING



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 ljttle space.
In both the stump and stripping methods, roots must be kept moist.

Remove entire top from Cassia siameq
and Gmelina arboreq,

Iﬂ'- 5em

STUMP PLANT ING -I/o-/scm

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 Icm, 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 trec is to grow well.

Finding the collar of o cn-rooted stock is more difficult, because the collar of
the potted stock jg right ai the top of the soi in the pot, and the soil remains
around the plant. It is worih taking time to be sure thy everyone handling the
plants knows where to look for the collar.

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

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

the Fottcd stock. The person doing the Planting should tamp the soil with the
1o get rid of ¢

hee he 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 s 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 newl 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 plariting open-rooted and potted stock.

Coping with Delays

Delays in planting the seedlings after they have been lifted out of the nursery
can Kc a major cause of losses. This s 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 (whether overnight or longer, and at cither the nursery
or the planting site), special techniques are called for.

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

hed

RIS COMTERSUNK. 1] SOIL

Opcn-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 planting technique, priniarily used at present for planting shade trees
around villages, should be considered. In this method an unglazed ~lay jar is
buried in the ground, with neck exposed, close by the seedling. The jar 1s Tilled
with water, which seeps through the clay to provide the young frec with a
steady supply of moisture. The clay jar reservoir method has a number of
advantages and disdavantages.

The advantages are:

0 'The soil does not become hard and crusty around the base of the tree.

o The roois 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 ot 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 jar about 4cm up from the bottom. The size of the
holes depends on the soil andllhe 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 m.ore (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 decp.
o Partly refill the hole with soil and some organic fertilizer (if available),

@ 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 lavel 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 iiie jar with water. If the hole
has been correctly matched to the soiflconsistency, 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 nccessary:

o Dig out entirc jar, cnlarge holes, and replace. 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 existing holes or add another.

Remember: keep the level of water high by adding water every two or three
days. Howcvcr,ljust a trickie 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 irces without
consideration for the area immediately around them. Reshaping the terrain
around cach individual tree ensures that as much moisture as possible is
available to the roots. A micro-catchment is, in effect, a small basin around
cach 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 location on
which the tice will be planted, but it may also mean a chance for trees to grow
in arcas where they otherwise could not. Over-excavation is necessary where
the sub-surface is hard or rocky. The root zone must be loose enough fo allow
root growth, and to let scarce water infiltrate. Although it is necessary to
encourage norrnal 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 arca of about two to four square meters around each

lant 1s reshaped to provide a slight depression that catches water falling
immediatcly 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 wel] 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 froma 7mm
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rain can be stored without overflowing the banks of the catchment. This
requires a trial and error alpproach, as well as calculation of simple volumes
based on more or less regular geometric figures.

A second key element is proper construction of the dikes. Their contours and
grades must be geometrically correct, without low points or wavy crowns. The
dike must also be keyed into the existing ground, and great care must be taken
to compact the soil in the dike walls. Compaction 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 obtainatle under ordinar circumstarices. Prosopis
species particularly benefit from this method. In addition to tne 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 cach basin.
Contour Ridges

A method simiiar in concept and purpose to micre-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 carth walls built along the
contour line, The ridges help prevent soil 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 icro-catchments, contour ridges can significantly increase survival and
growth rates even on relatively flat [and. The distance between ridges depends
on the dc%rcc 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 wliere there is an
adc((}ualc supply of rock to vse as a building material, the ridges are constructad
by digging a furrow in which the boulders are lodged. Smaller rocks and soil
are used to fill i 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 carth 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 hcav?' rainfalls, some water normally passes over or through the 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 1mProve crop production, trees and shrubs
can also be planted at intervals a ong the contour ridge. Chapter 8,

Agroforestry and Soil Conservation, gives a more complete description of this
technigue.

PlGLETTES

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

Watering

General Considerations

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

Shade trees are generally watered frequently because they are often 'acated near
enough to a water source that watcring does not require much effort. rruit tree
orchards are also sometimes irrigated, because the crop is considered valuable
cnongli to make the cost worthwhile. Rescarch plets may be watered, if it will
not interfere with the results of the experiment. Sométimes demonstration
parcels arc watered to ensure that th- trees survive, in the hope of encoum%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 250mm mean annual precipitation, the survival chances of
seedlings planted at the onset of rains are low at best. If sufficient rains do not
materialize, secdlings 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. Expericrice in Mauritania has shown that planting and watering of trees
during the cool scason 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 onc application. The special procedure for watering trees at
extremely and sites 1s as follows:

o Diga 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 Apply the correct amount of water to each iree through a tube or pige
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
arc not quickly removed. It is not necessary to weed the entire area of a
plantation; clearing a radius of abou Im around cach tree is sufficent.

Weeding is most necessary during the riiny 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.
Weeding may be necessary for several years after the seedlings are planted--at
least until they are taller than the other vegetation, and their root systemns are
deep enough so that they are not competing for surface moisture and nutrients,

Survival

If the trees have been properly cared for, if no animals pet into the planting
arca, 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 Flants 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, discased, or slow starting are affected
by insccts, rodents, and discase. 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 scedlings will be needed ta
replace trees that have died. A site asscssment 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 casily corrected, it may not
be worthwhile to replant on that site the following year. In areas where there
are two rainy scasons per year, replacement planting can take place during the
second, shorter rains, if site conditions are favorable,

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

It is unrealistic for project managers o expect to maintain 100 percent rurvival
cven under the most favorable conditions. Although reasonable effort.: should
be made to reduce mortality as much as possible, a total survival rate of 60
percent of the nursery steck one year after planting should not be consig.red
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 scedlings that die following transplanting.



AGROFORESTRY METHODS

Agroforestry Systems in Africa

Agroforestry is a topic that has received considerable attention since the first
ccﬁ!ion 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 agriculural systems. Morcovzr, irees of appropriate species
in suitable locations can increase agricultural productivity. hgroforestry offers
an alternative approach to intensive agricultural "development"” schemes that in
the past have often resulted in decreased soil {ertility and loss of soil restoration
potential.

Even the widespread adoption of the term agroforestr 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,
ete.). 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. cy are
then left fallow (unplanted) for as long as several decades, allowing the
regrowth of the natural vegetation. Soil fertility is radually restored, and after
a sufficient interval the land can be cleared and farmed in another rotation.
Because £ population pressures and recurring food shortages in Africa,
however, many fanners 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 $oil fertility and consequent
reductions in crop yields. Wind and water erosion also increase.

Agroforestry or soil conservation techniques, oftel: combined, can help to
stabilize cultivation on a given picce of land. Certain of these methods Eelp
revent or  ~=rse environmental damage in areas where fallovs cropping is no
onger practical. Adding trees and shrubs as permanent features in the
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landscape in the form of tield trees, border and alignment plantings,
windbreaks, and live fencing can protect the oil against erosion and improve
nutrient cycling. Proper maintenance of trees in agroforestry or soil
conservation sfystems may 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 Intemational Council for Rescarch on Agroforestry:

“A land use s sstem that integrates trees with agricultural crops
and/or animals, simultancously or scquentially. to get higher
productivity, more economic returns, and bette: 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 dclibcrately managed (that is, established,
tended, protected, harvested, ctc.) and considered as one of the resource
clements 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 Furposc 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 specificall designated forest arcas. Throughout arid Africa,
governments have establis%cd arcas of land set aside to be managed by
technical services for forest (wood products) or wildlife resources: gazetted
forests, classified forests, various types of reserves, parks, etc. Agroforestry
takes place outside of these boundaries and includes trees that have regencrated
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 intcgratcf with crops and/or animals. This definition of
agroforestry includes a broad ranee of activities from hunting-gathering
systems involving minimal tcchnoTogical 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 scnse than setting aside specific areas of usable farm land for woodlots,
In many areas the most acute roblem is lack of food, not lack of wood.
Certain’tree species may provide food (fruit, leaves, edible seeds, etc.) not
only for Fcop ¢ 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 inaterials for medicines,
dyes, tanning, cosmetics, and glue. These raw materials were casily 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 Systenis

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 cqually well categorized assoil conservation
methods. For the purposes of this text, i is not necessary to classify techniques
into one discipline or the other. By its definition, agreforestry attempts to
achieve "higher productivity, more economic returns, and beticer social and
ccological benefits on a sustainable basis.. " These objectives should be
cempatible 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 cfforts 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 complement and reinforce each other, to produce better
results than could be achieved through the separate usc 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 cach other. Pilot projects should fest different combinations of techniques,
using a farming systems rescarch approach, before introducing an agroforestry
package to a rural 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 Basc 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
agroforesiry intervention. In some instances, the choice is not harc 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
tercropping 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 démand from 1.ake Nyanza to Saudi Arabia.

The task of recommending specics 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 provide 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 experirmental 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 tor results. They want and
need short-term successes. Conscquently, they tend to select from a limited
number of key species, based on the best information available at the moent.
‘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 specics, 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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Species Selection Based On Rainfall

Rainfall Below 500mm 500-1000mm

West Acacia albida Acacia albidg

Africa Acacia nilotica Acacia nilotica
Acacia raddiana Acacia scorpiodes
Acacia scorpiodes Adansonia digitatq
Acacia senegal Anogeissus leiocarpus
Acacia seya] Azadirachta indicq
Azadirachta indicq Balanites acgyptiaca
Balanites aegyptiaca Borassus aethiopum
Bauhinia retizulag 3utyrospcrmum parkii
Combretum spp. Carica papaya
Commiphora africana Citrus spp.
Hyphaene thebaica Diospyros mespiliformis
Mitragina inermiy Eucalyptus camaldulensis
Moringa oleifera Leucaena leucocephala
Prosopis juliflora Mangifera indica
Prerocarpus lucens Moringa oleifera
Salvadora persicq Parkia biglobosa
Tamarindus indica Prosopis africana
Tamarix spp. Prosopis juliflora
Ziziphus spp. Psidiun guava

Pterocarpus erinaceus
Sclerocarva birreq
Tamarindus indicq

East Acacia melifera Acacia polyacantha

Africa Acacia niloticq Acacia senegal
Acacia toriilis Azadirachra indica
Azadirachta indicq Balanites aegyptiaca
Balanites aegyptiaca Calliandra calothrysus
Cassia spp. Calodendrm capense
Commiphora ellenheckii Carica papaya
Conocarpus lancifolia Casuaring equisetfolia
Cordia abyssinicq Citrus spp.
Dobera glabra Cordia abyssinicq
Grewig tenax Croton megalocarpus
Jatropha dichtar Eucalyptus spp.
Leucaeng leucocephaly Gliridicia sepium
Moringa ofeiferq Gmelina arboreq
Prosopis chilensis Grevillea robusia
Prospis juliflora Leucaena leucocephalg
Salvadora persica Mangifera indicq
Schinus molle Psidilun guava
Sesbania seshan Schinus molle

Sesbania grandiflora
Sesbania sesban

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

A wide assortment of different agroforestry techniques is being used today,
based on traditional practices that have heen carried out by local people for
generations. Others are relatively new, "invented” by technicians working with
local farmers or pastoralists and still being adapted'to varying site conditions.
The methods described here are presented “tech-sheet" format. They provide
a practical guide for usc in the ficld, 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
preceding chapters 1s also generally applicable for agroforestry applications.
Several points, however, deserve special attention when implcmcming
agroforestry-related projects. Additional information is provided in the
following pages for spccifjic factors that should be considered, such as spacing
icquirements, intercropping, plant protection, pruning, and harvesting.

Particular emphasis should be placed on extension of the agroforestry
fechniques presented here so that local people are encouraged to try them on
their own land. Tradiiional plantation forestry methods often involve
recruitment of a large labor force o carry out work on publicly owned land
with high levels of technological and matérial inputs. Allﬁough 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
ditferent ways. Some of the techniques described in this chapter, therefore,
could be cqually well categorized as soil conservation or farm/range
management measures. They are all grouped here, nevertheless, because they
can contribute to the increased roductivity 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, o1 walls. This
approach is intended 1o increase awareness of ways in which vegetative
methods can be uscd 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 distinguisﬁ
the various techniques according to their functions and the spatial arrangements
in which trees appear in a rural andscape. 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 Planiations (3)
Borderline Trees (4)
Live Fencing (5)

Off-farm
Roads and Trails (6)
Water 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 Teciiniques

1. Dispersed Trees (On-Farm)

Intensive interaction be.ween Crops ani trees occurs when [hefy are grown
together. The classic farm/park lan scape that covers large parts of the Sahel is
a perfect example of a traditional agroforestry arrangement where trees
dispersed in famn: ficlds form an integral part of a cropping system Different
species are found in these dispersed, park-like stands, deperding on site
conditions. The best known are Acacia albida, Butyrospermur rarki;, Parkia
biglobosa, and Borassus aethiopum.

In traditional systems these lrees regenerate naturaléy, and so they are more or
less homogenously distributed across fields in random patterns. Where they
have been regenerated through huiian cfforts 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 somc problems that have arisen in the use of this technique. The
seedlings are difticult 1o protect from grazing when they are young (up to five
years). Brush fences or woven baskets can be placed aroun 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
{))zmicularly successful, however, because of 3 unigue property of this species.

uring the rainy season it drops its leaves, and it does not leaf out again unti]
well into the diy sezson. Cereal crops can be grown under the leafﬁ:ss trees
during the rainy season. The crowns of almost all other tree species compete
with llght-dcmanding crops for space, thus the areas shaded by the trees cannot
be used for ¢TOp production. Even small irees can create cnough shade during
the rainy season to take 3 significant part of a farmer's lan -holding out of
production.

During the dry season the Acacia albida leaves and pods provide a welcome
source of foo?lfor livestock. The trees also seem to have a remarkable cffect on
soil fertility, and dramatlcally increased crop yields have becn noted on a
number of sites. Especially in Senegal, Niger, and Chad, some fairly old
stands of A. albida can be cund that were established in farm fields. In Spite
of little or no government or donor follow-up beyond the first two to three
years, these 10 to 50-year-old lantations of A. albida are doing well. Their
survival is probably die to the igh 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-Tm tall and have begun to produce flowers and fruits as well,

PR
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Dispersed Trees

2. Alley Cropping (On-Farm)

Small trees or shrubs, pruned frequently to prevent them from producing too
much shade, are grown in relatively compact rows (between 2 and 4m, never
more than 6m avart). 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 oPAfrica, Asia and Latin America. The
International % stitute of Tropical Agriculture (I'TA) has been experimenting
with alley cropping in Nigeria for a number of years. Arid lands versions of
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
ﬁ%h[ species combination, but the 3uestion 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 Gmeliza 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 alle cropping with the species
that have been suggested above. Species that would be more appropniate for
dry 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 recuce 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 sreater after
four years of muiching with Leucaena leucocephala clippings (1ITA, 1986).

*i+ addition to the increased complexity of matching compatible crop and tree
species to specific site conditions, severai other prob{)ems may limit the
widespread adoption of alley cropping in Africa. A major consideration to
farmers who are considering various intercropping schemes is the amount of
arabie land that the trees will take up. Farmers tend to favor methods that will
take as little land out of crop prouction as possible. Alley cropping requires
fairly close placement of tree rows, which can substantially reduce the amount
of land left for the crop rows. Whe-c 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 planting 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 intercro ned
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 ciogs simply
do not thrive in excess shade. Traned extension personnel are needed to wor
closely with farmers on crop and tree species selection and on setting up
planting and pruning schedules.

FFurmers 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 mulch the crops, alley cropping may not have the effect of
increasing crop yields, but it will still f\),c an eifective technique for controlling
soil erosion, mncreasing the availability of iree products, and raaintaining
agricultural sustainability.

3. Line Plantations (On-Farm)

Another alternating row arrangeinent involves planting larger trees at a wider
spacing (7 to 10m) with crops planted between the rows. In this system,
species that provide fuclwood 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. Other possibilitics
such as Markhamia plarycalyx or Maesopsis eminii are being studicd 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 casc 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 arcas as well. The trees anc: sErubs are planted in rows with Im-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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Itwas found in Rwanda that as few as 70 trees (depending on species mix and
the frequency of harvesting) wil] supply all the wood nes ed by a family of six
for a year, Harvesting is donc by lopping branches, and roors are also
sometimes cut it they encroach teo far 1nto 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 ficlds. They serve as property markers while they provide
wood and otlier products for various urposes. 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 ficlds, In dry arcas, Calatropiy procera and
Euphorbia and Commifera shrub species are also used for this purpose.
Sometimes trees, particularly fruit-bearing species such as Tamarindis indica,
Annona sencgalensis, and Borassus aethicpum , are grown in borderlines or 1o
murk the comers of ficlds.

The promotion of additional specics for borderline plantation has potential, if
speeies selection takes into consideration local preferences. Protection of

oung trecs is necessary unless the species being used are unpalatable to
ﬁvcslock. Euphorbia and Prosopis species have proven somewhat resisiant 1o
grazing in Somalia, Kenya, anc Niger.

Issues of land and tree tenure should be curcfulli,' rescarched 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 partics involved should agree in advance as to

how the situation will be handled.

Borderline Trees
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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 ran%ing livestock. They are also
lanted around family compounds and other buildings. This technique differs
rom borderline plantations in that shrubbier species are used, the shrubs or

trees are tightly spaced (0.5-1m), and they are intensively pruned to maintain a

compact, dense barrier. This is a very important alternative 1o 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 Eir /!zporbias are cut, the milky sap
¢an causc 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 acgypriaca,

Calatropis procera, Comiphora africana (mainly for posts), Euphorbia
balsamifera, Leucaena leucocephala, Parkinsonia acculeata, Prosopis juliflora,

and Zyziphus spp.

1) N THIS SECTIoN €
uCUHEngi!)m Pae. wRDE:RLer-ETH
TREES 'ARE CaNSINED WITH
. LIVE FENCING SHROBS .

Spacing

Frequently, the main function of a hedge is to keep animals out. If this is the
case, plants must be spaced tightly an(f’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:

Demarcation of property boundaries

Protection against wind

Addition of organic matter from leaf litter

Fruit and forage, when combined with borderline trees
Privacy

(el eNeoNel

As garden fences, or wherever irrigation is Fossib]e, 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.

Direct Seeding Live Fences

Live fences can also be established from cnttings, especially from some specics
such as members of the Euphorbia and Commiphora genera and some pcrennial
legumes. Freshly cut branches from these species are likely to take root and
sprout if they are planted at the beginning of the rains. These species are
therefore, particularly useful for establishing live fences. Normally, one would
not wait until the beginning of the rainy scason 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 arcas as well as in towns and urban arcas, there are unused
spaces along roads and water courses, and around houses and public
buildings. Whilc they may traverse agricultural land, these open spaces are not
used for agricultural production. Trees planted in these spaces can enhance the
cnvironment by providing crosion control and shelter from the sun and wind
for both people and animals.

6. Road and Trail Alignment (Off-Farm)

A long standing tradition throughout Africa is to linc 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, yiclding considerable amounts of fuelwood and poles for construction,

A frequently made mistzke has been to plant trees too close to the road. On
major 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 sce.

Trees are also established along livestock and bicycle trails and footpaths,
someiimes in combination with Tive tencing or rock walls to control aczess to
adjacent fields. Shade and fruit trees are favored for footpaths.

ALIGNMENT
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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 arcas 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 establishied around water sources in much the same
way as alighment plantings along roads. Rivers, ponds, or drainage canals in
irrigation schemes provide excellent growing conditions for trees. Exotics like
Eucalypius spp., Casuarina equisctifoﬁa, or Cassia siamea will grow rapidly on
these sites. I'ruit trees (mangoes, citrus) should be given special consideration
because of their value as food sources. Dry river beds (wadis) provide a
siiitable site for species such as Tamarix, Anogeissus leiocarpus, Prosopis
spp., or other more drought-resistant varicties.
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8. Shade Trees (Off-F arm)
In many parts of dryland Africa, the most striking impact of tree planting
rograms can be observed near houses, in compounds where people live.
Brolcclion is casier 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 troe.

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
forming a new crown, so that the tree continues (o provide shade where
needed.

Shade trees planted in public places around government buildings, schools,
market places, churches, and mosques scrve an important function. These are
arcas where people congregate during the day, and shade is an essential part of
the environment. These are also places where trees can be established and
maintained quite casily by local people themselves with minimal assistance
from outside.

Trees planted in public places usually need individual tree fences to protect
them until their branches are out of reach of [ree-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 arc 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 arcas where
crops are grown, s%uldc trees are used to protect livestock from intense heat
during the day. Shade trees are particular y necessary wherever animals are
corraled or fenced in, and arounc watering spots.
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Soil Conservation Techniques

Soil conservation efforts protect the soil from the two primary forces of
crosion, wind and wager. Windbreaks and dune stabilization are effective
miethods 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 physical control measures to reduce soil crosion from waler,
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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 inco. Jorates 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 pilot Erojects under government or
private control. The major obstacle to windbreak establishment in other areas
uas been the difficulty and high cost of protecting the trees against animal
grazing. Some large-scale successes have been achieved in areas where
donors, government agencies, and local people have worked closely together.

Highly impressive results have been obseived in Ni%cr, where crop yields
from {ields protected by windbreaks are consistently higher than thosé from
unprotected fields. Studies conducted at a CARE project in the Majjia Valley
indicate that total yields are approximately 20 oercent 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 arcas where cereal
crops such as millet and sorghum are grown. The windbreak trees, if properly
harvested, can also riovide significant quantitics of fuciwood and poles
without jeopardizing their primary function.

The effectiveness of a windbreak depends on how cfficiently 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 cnough to block wind passage completely
will cause turbulence close to the ground, loosening soil particles that can then
be picked ll{) by the wind. As well as removing needecrtopsoil, wind tha is
carrying soil particles causes damage to crops through the abrasive effect of the
sediment loa(!l) on plant tissues.

NODERATELY  PENE PENSE.
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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 opcnings 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 effact
can be very damaging.

Windbreaks can furnish protection for downwind areas u[) to 10 times the
heig"t of the trecs, provided the windbreak consists of at least two rows of

lants of different heights. Large trees should be chosen for one row (see A,

clow). 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 arc planted with Iower, bushier trees, shrubs, and
grasses. A well chosen vegetation mix for windbreak composition will not
only provide protection from the wird, but will yield secondary products as
well.
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This windbreak is protecting the cropland Jrom high winds,
which would carry away topsoil and make the land useless Jor farming.

Windbreaks and shelterbelts can be laid out to include roads, trails, or
driveways for livestock. In this way, animals and eople 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 people 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 valve,

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 orie 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 oy the selectiun of
multiple use species for the middle rows. Acacia sencgal has been used in
some areas, and species that provide locally consumed fruits and
medicines, such as Tamarindus indica, should def; initely 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 time of the year for planting in the area),

0 Preparation and protection of the site invojved are possibly more important
for windbreaks than for regular plantations. During the rainy season when
crops arc being cultivated, the fields are effectively protected from
vestock; however, after the harvest the animals are usually allowed to
browse the crop residues Icft in the fields, Keeping the animals away from
the windbreaks during this time is difficult, and encing in g long narrow
strip of land is costly,

0 Where complex land ownership patterns exist, it may not be possible tn
establish continuoyg Straight tree rows across individual fields and parcels.
In this case windbreaks may be staggered so that they conform with
cstablished boundaries such as borders of fields, roads, trails, streams,
and other natural or man-made features. S; 2gered windbreaks can also
provide the most effective protection zlrouné towns and villages, where
they are laid out in g pattem ofovcrlapping blocks.
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Shelterbelts

0 Another possible planting pattern is to line farm fields with wide wind-
breaks and to plant dispersed trees such as Acacia albidg inside the field,
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o Many nurserics in arid zones could benefit from the establishment of a
windbreak to protect the seedlings from drying 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 much
shade on the scedlings.

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 activitics in many arid arcas. Some of the most successful
examples of erosion control efforts have resulted from reforestation projects.

The best protection against drifting or blowing sand is to prevent the sand from
being picked up by the wind and Eccoming airborne. Conservation of exisiing
grass and other vegetation cover is neeessary 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 can be made 10 settle, nevertheless, and
can be kept from further shifting.

The first step is to determine why the natural vegetation has not recolonized the
arca that is Bcing croded. 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 trecs, uniess access is first controlled.

There are basically two approaches to dune fixation: biological and physical.
I'he best ultimate results are obtained when the open arca where sand is picked
up can be penmanently covered by vegetation. Biological methods include:

o Fencing off the arca 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 arcas where annual
rainfall does nor exceed 300-400mm. Freshly cut branches of Luplorbia
halsamifera are partially buried in rows of shallow trenches. For further
details on propagation from cu tings, sce 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 scedlings from a nursery onto the site.

Certain vines and creeping plants are well adapted to grow in almost pure sand,
covering the ground witk: runners and shoots. With the sand thus held in place,
site conditions improve cnough to permit the introduction of grasses and other
small piants. Eventually seedlings raised in the hursery 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,
the movement of the sand must be halted. Physical dune stabilization measures
include:

0 Wind-baffles (palisades), which arc constructed of a varievy of materials,
generally “. hatever is locally available,

0 "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 melers
in length. Heavy construction cquipment is required for large-scale efforts,

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

0 Chemical surface stabilization, which involes spraying a binder (rubber,
oil, or plastic base) on the surface to bind particles together. Grass seeds
and mulch can also be mixed with the binder and sprayed on the area 1o 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 Justificd if low-cost materials are locally available.
‘This barrier can take many forms and be made of g variety of materials,
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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 arcas of open sand,
Branches of tamarisk can be stuked out in densc 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 Toad already carried by the wind is deposited
in or behina the barrier. Sand will become entrapped in such rows, and ridges

will graduaily form. Plant growth then becomes possible in the protected arcas
behind the ridges.

TYPICAL WIND BARRIER. PATTERN
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Fenced in squares and other sand traps can also be constructed of materials as
basic as bundles of millet stalks or other crop residues. Additional possibilities
include palm fronds, sticks, branchcs, cardboard, or any material that is
reasonably sturdy, casily available, and low cost. Some of the problems that
may be encountered in maintaining the barriers include damage from animals
and termites that are attracted to them for food. Where sand accumulations are
heavy, the barriers may have to be raised or added to periodically.

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

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

2) Censtruct a network of paiisades to prevent sand movement by cross
currents. The primary gridlines should e perpendicular to the dirertion of
the major prevailing winds, and the seconc ary lines should be at right
angles to the principle linas,

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

4) Begin protection and maintenance cfforts. Voluntary participation,

cooperation, and commitment 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:

0 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 fjrst carefully
evaluating traditional and current land use attitudes, especially those
goveming grazing and wood catting. If these are incompatible with the
restrictions necded to protect the vegetation, then changes in land use
policies must take place before dune fixation activities are initiated.

0 The shifting of live dunes is influenced by a complex set of variables, and
may change with the seasons. It is worthwhile (o observe and measure
dune movements for 4 period of 12 months before starting, stabilization
activities.

0 Except under extreme desert conditions, it is more cffective to stabilize the
zone of origin of the shifting sand, rather than concentrating efforts on the
arcas where the sand is being deposited. 1t ig important, therefore, to
determine the location fros n which the sand ig being removed by the wind.

0 Project sites that are close o or within 2ctual desert zones will requirc more
mtensive cefforts to stabilize shifting dunes, Maintenance mputs will also be
higher.

0 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 1o establish
vegetation. Physical protection is often needed. If it is not possible to use
physical control mcasures, however, the area can still sometimes be
stabilized after the top has been lost to wing crosion,

0 Locally occurring trees and shrubs nave great resiliency. In specics
sclection, the indigenous vegetation should receive priority over exotics,
particularly for large-scale projects.

0 A few outstanding examples are on record of communitics that have
controlled sand encreachment for generations, alone and unassisied by
outside organizations. Locy] approaches may be more appropriate fora
particulur site than imported lccEniqucs that rely on heavy investments and
foreign equipmen,

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 cttectively control surface runoff, thereb reducing soil
losses. One successful technique involves establishing paraf;cl vegetation
bands along contour lines,

These contour strips will reduce runoff from the slopes above if they are
designed and maintained 1o ensure 3 dense, multi-layered permanent ground
cover. The ground surface js protected by successive layers of litter, grasses,
other ground plants, bushes, and trees. A dense vegetation bel will not only
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CONTOUR.  STRIPS  (\WATER. EROSION )

D= Distance between contour strips W
W= Width of the band of vegetaticn 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 arcas between the strips.

Correct dimensioning of the D and W variables indicated in the illustration
above is important. Many factors affect the spacing of the strips, but the degree
of slope is l‘)lc most important. If previous c}forls to establish centour strips in
the arca are available for study, these sites should be observed for evidence of
crosion to determine if the dimensions are in proporticn. Conservation services
may also have tables or formulas appropriaie 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 Wi(meters) D(meters)

0 2 50

5 4 47
10 5 43
20 8 38
30 10 33
49 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 viays. To
simply establish some groundcover, scarification of the ground ajong the
contour may be sufficient site reparation. Furrows can be dug by hand or
using a harrow or disc blade. More intensive cffort may consist of additional
scedbed preparation, for instance, loosening up the soil surface and 1aking
along the contour. Direct seeding of desirable trees and shrubs may be feasible
for such species as Leucaena lewcocephala. Some trees can be cstablished by
cnttings. The most direat, but also most costly, imethod ol establishing contour
strips is by planting nursery raised seedlings,

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 1o increase productivity of the total
arca. Many different specics can be uscd, some in combination with cach
other. Fruil trees are often a high priority on farmland. In other areas, trees that
produce poles for consiruction, rafters, and fences may be preferred, such as
Casuarina equisetifolia or Tectona erandis.

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

12, Trees Along Contour Ridges (Soil Conservation)

For information on the various applicable sail conservation measures that
involve construction of contour ridges, or terraces, or excavation of infiltration
ditches, a number of texts are available for arid arcas in the tropics. The Cenore
Technique Forestier Tropical  (CTET), the Centro Agronomico Tropical de
Investigacion v Enseitunza (CATIE), the International Council for Rescarch in
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Agroforestry (ICRAF), and the United Nations Food and Agriculture
Organization (I'AQ) have all published handbooks and iechnical materialz 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 devcloped specificall, for certain
countries. among them Honduras, Kenya, Burkina Faso, and the Philippines.
See Appendix [ for a list of information sources and bibliography for related
materials. 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 Biclogical and physical erosion control measures.
Vegetation, especially trees and shrubs, can play a vital role in increasing the
cffectiveness of soil and water conservation efforts. Properly cstablished and
managed woody plants can reduce maintenance and costs on hillside erosion
control projects as well.

The following sketches show sonie 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)

Pcrmanent 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
(gabions), or bales of straw or branches staked in place to reduce water
velocities.

Gullies present special problem: . because they occur on steep slopes, and even
bricf peak flows can cause serious damage. 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 Flaccd 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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9 SPECIAL SUBJECTS

Fire
Uses and Prevention

Mention has already oeen 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 .s gone,
fresh tender grass is more likely to sprout. This happens quite quickly and can
help bring relief to starving herd animals. It also lli)mits 1e 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

Prevailingg winds in sub-Saharan Africa tend to be high and constant. Thus the
zpread 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
Jjumping the lane. Inside planting 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 arca becomes a greater fire hazard, Disking and Elowing 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 ad jacent iand.

Firefighting

Most firefighting efforts are limited to what materials can be found on the s;])(ot.
Provided the fire is not yet large or too hot, the front of the fire can be atiacked

directly witn branches, brooms, and mats. This is an effort to beat out the
flames and kill the fire by shutting down its supply of oxygen.

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

control lines can be constructed uickly and easily. A backfire is simply a smaﬁ,
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 burn.
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Mere 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 along
the fence by making sure that the wire is stretched tightly between posts, and
that it cannot slip out of place. When the wire is placed carrectly, each post
exerts an equal pull against the next post, and this equal pressure creates 1
tension thatchcps the Féncc posts strong and in place. However, if the tension
on one scction of the fence 15 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 1o tighten the wire and
thereby increase tension.

F_\/F
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LINE BRACE ByERyY 120- 150M

Using a Deadman

Comers 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 b ock of cement or piece of metal used as an anchor,
One end of the fence wire is wrapped sccurely 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
picce 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
[l)laced in the hole so that the wire is tight, and there is a strong diagonal pull,

he dirt is piled back inte 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 cqual 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.



158

AT COANERS

A deadman is not the only wa[y)
here shows how rocks can
mamtain tension on the wires.

to support a corner. The illustration presented
¢ used to strengthen corner posts and help

4 TOSTS WRAPPED WITH wiRe
MESH / adpsep WIRE | AND
THEN FILLED WiTh POLW,




159

o | S N

_\/
—

e
————
“a—

A heavy rock used 1o fill Q HEAVY Pecia

in a space through which
aninals inight craw! and

10 maintain tension. LOW CoINT

A Sclf-Closing Gate

Any strong gatc that closes tightly is finc. A sclf-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
gatc cannot be Ieft open to let animals through by accident.

The gate shown on the following page consists of a strong frame with a
diagonal basc. Wire fencing material 1s stretched between the picces of the
frame. The gate is supported by a pair of heavy, well-greased stiap hinges.
The gate operates very simply: when the gate opens, wood picce 'd‘ 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 picce "C" back into
position,

To Make This Gate:

o Wood piece "C" attaches to the gate at the hingc 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 lHingcs, pulley, and weight must work casily for the gate to close proper-
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o Gate opens outward from the protected area so animals cannot push it
open. No latch is necessary.

o Gate posts are braced 10 prevent the pull of the wire fencing from tilting
them.

o Although picces "C," "D," and "E" can be made of wood, it is better to
usc iron if at all possible.

opening AB

pulley (attached to
post F)

]

p gate opens
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to end of “C" arc

——
———————

pivot

lag screw threads
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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:

0 Scedlings 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 casicst 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 propagation in the nursery. Other species, which can be rooted in
the nursery and transplanted to the site once the root system is fully developed,
include: Albizzia lebbeck, Azadirachta indica, Cassia siamea, Erythrina
sencganensis, Ficus gnaphalocarpa, Guiera senegalensis, Moringa oleifera,
Prosopis juliflora, Tamarindus inug‘a, and Ziziphus mauritiana.

An important feature of some tree and shrub species is that cuttings can be
established directly at the site wiiere 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 must not be
allowed 10 dry out, or their ability to regencrate 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 cotitent; 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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Itis important to adhere to specific procedures for selecting the plant material,
and preparing the cuttings. If the prescribed methods are not followed, survival
rcsu]ts may be disappointingly low,

Piant 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 full year's growth will have buds that will develop
during the reoting process. Thé o timal diameter for plant material sclection
will vary with different species, but is generally within the range of [-2cm,
Stems that are less than e in diameter will not usualty give good
regeneration results,

Healthy, vigorously jrowing 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
genetie origin of the plant material i ¢ven more important in vegetative
reproduction than in propagation from seeds, because the individua? parent
trees are cloned. The reproduced scedlings have the identical genctic makeup as
the plant from which the cuttings are taken, untike offspring from sceds, which
will'inherit only some of the characteristics of the sced tree.

Cuttings should be taken from dormant plants, so collection of plant material
normally takes place during the dry scason. The stems should have several
buds that have not yct begun to swell or open. A sharp blade should be used to
geta 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 plastic bags and
protect them from the sun until they can be planted, prcfcrzlgly as soon after
collection as possible,

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

Preparing Cuttings

Just before placing the cuttings in pots or beds, remove about Icm 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 ¢xposed to the air, and that conse ucntly are
less likely to regencrate. The freshly cut stem can then be placed in the ground
or in pots, with 5-10cm above sround. It is important to make sure that the
cuttings are completely surroun(ﬁ'd by soil, with no air pockets.
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Preparing Cuttings for Planting
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Planting Cuttings

Shallow Planting

The following, bprocedure was developed under a project in Niger for on-site

BroFagagt;gon of Euphorbia balsamifera cuttings. (Government of Niger, Project
AF, 1985):

b

0 Length of cuttings: 50-100cm

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

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

o Other imporiant requirements: Cuttings must be planted at their final loca-
tion no later than 24 hours after they ﬁave 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.

0 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,
0 Spacing: or complete area coverage, a grid pattern of 2m x 2m (shown
below) has given good results at several sites. For establishment of Jive

fencinf or for the construction of wind-baffles for dune fixation, single or
multiple rows of cuttings are laid out accerding 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, ch..ose
another spot and try again.

0 In the bore holes where moist sand is encountered, insert a tamarix cuttin
deeply in the hole. Cuttings up to 2ni in length have been tried using thrs
method and carly rooting and survival results have been over 80 percernt.

6 Backfill the hole with the cuttini; in place. This can be done by first ouring
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 plamini; technique described above has been successfully used in
propagation of other tree species as well. Sometimes a deep pit is dug rather
than a bore hole. Deep planting may also provide a solution to problems of
establishing trees in soils high in salinity.

NORMAL PLARST] PEEP PLANTING
PROCERURE |

1-ZM

COUNTER.- SN PLANTING -
TREES PLANTED BY USUAL SURFACE S0-100 M
Ly SACy AR R G AN
Y INITY oN THE SORFACE A
HAVE O =&

CUEMMED oUT,
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Organizing Planting Operations Using Cuttings

A well organized plan of (}peratic_;n is necessary to ensure that the work can be
carried out efficiently, ollowing the correct procedures for vegetative

propagation. This plan should include the following elements:

0 Coordination of crew z_lssignmqnts, vehicle and equipment needs,
collection of planting material, and planting operations

0 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,

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

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

0 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 fiesh cuts at the base of the stem, to dig deeply enough, and to
backfill properly, can result in high mortality rates.

0 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 a5 possible. The following species and methods
are suggested:

O Panicum turgidum: this drought tolerant 8rass can be direct seeded using
the same methods as for millet or sorghum,

Harvesting Methods

regenerate new growth from stumps, roots, or branches after being cut.

survival mechanism probably evolved in response to fires and drought, In arid
arcas where it 1s sometimes difficult to re-establish trees once they have been
cut, this adaptation is a particularly valuable characteristic. Wood products can

Many of the tree and shrub species mentioned in this text have the capaci%lto
is
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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. Specics of
Eucalyptus seem to be fairly flexible as to the time of harvest, but more
rescarch is needed to determine the optimal cutting period for these and ot;er
species.

The tools that are used to harvest the stems and branches may also affect the
plants' abilitly to send out new shoots. There are some indications that saws,
especially chain saws, ma{' 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 Afrca 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, polle:ding,
lopping, and pruning. Because these terms have been mentioned ¢ sewhere In
the text without being defined, short descriptions of each technique are
provided below.,

Coppicing

This is one of the most widely used harvestizug methods for arid land species.
When the main stem has reaclz’cd 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 usually possible with most species. The
length of the rotation depends on the size oly Lll'fe s~ :cific 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
fuclwood. Coppicing can also be uscc{to increase the density of windbreaks.
Most Eucaly{)tus species and many members of the legume family as well as
most naturally occurring shrubs (Combretaceae,Terminaliae, etc.), can be
harvested by coppicing.
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Pollarding

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 a5 large
diameter poles. An advantatg,e of this method over coppicing is that the new
shoots are high enough off the ground that thev are out of reach of most
grazing livestock.,

The neem tree, Azadirachia indica, is usually harvested in this manner, and its
branches can be used for poles, fuelwooJ: and toothbrushes. Because it is
widely planted as a shade tree, pollarding is usually more appropriate for
liecms than coppicing. Neem trees can be pollarded as often as twice a year;
however, it is Important to allow the tree to ?)ecome 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 kiots in Ll{)e wood. Branches and shoots should be trimmed as close to the
main stem as possible,

Pruning

Pruning, as a harvestin System, usually involves the removal of smaller
branches and siems, but these clip ings can constitute a major source of wood
for fuel and other purposes. Pruneg branches are also used as a mulch between
tree rows in alley cropping systems.

Pruning is often re?uircd for the maintenance of fruit and forage trees, alley

cropping, and live fences, For fruit trees, pruning is undertaken to stimulate

frurt 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
e bushiness of trees and shrubs when they are planted for%ive fencing,
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HARVESTING METHEDS

NEW GROWTH
FROM\ | STUMP

FOLLARDING

AlLL BRANCHES ARE
LT A LEIGHT oF

N z
METERS ABONE GROUND.

AFTROK

LoPPING

for

ONLY LOWER.
ARE cJT.

PRONING

SEE ILLUSTRATION OF Live FBIXE PROMING , PG




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 1s available; 1t 1s not intended to be definitive.
A1l the species which appear in Appendix B, where further informa-
tion 1s given, are included here, with the notation "Also see
APPENDIX 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
1tems should be recognizable. There is no consistent scale

relative to 1ife-size. Illustrations are drawn from Flore Fores-
tiere Soudano-Guineenne by A. Aubreville, Flore Illustree du

Senegal and Flore du Senegal by Jean Berhaut, West African Trees

by Dr. D. 51edR1TT, and Trees for Vana Mahotsava_By 5. K. Seth,

M. B. Raizada, and M. A. Wahee an. e 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, species second).

. An abbreviation of the name of the author of the tree name
follows the boldface type 1in lighter faced type.

. "var.” means variety, The name of the variety appears in
boldface inmediately following the abbreviation "var."

. An abbreviation of the name of the author of the variety
name follows the name of the variety in lighter faced type.

« "L." 1s an abhreviation for “Linnaaus,’ a Swedish botanist
who initiated the development of this present, widely used
system of nomenclature.



Drawings 1n this append{x are reprinted, with permission, from the
following sources:

Aubreville, A., Ftore Forestiene Soudano-Guinéene, Par{s,
Société d'Editions Geographiques, Maritimes et Coloniales,
1950,

Artists: 0. Adams, M, 4. Vesque

Berhaut, J., Flone 1eusinse du S&négal, Direction des Eaux
et For8ts, Government dy 5€né&gal, 1975,

Artist: J. Berhaut

Gledhil1, D., wesz African Trees, London, Longman Group
Ltd., 1972,

Artist: Douglas F. Woodall



1. Acacia albida Del.

Also see APPENDIX B
SYNONYMS :
Faldherbia albida (Del.) Chev.

Acacla gyrocarpa Hochst,
Acacda saccharata Benth,

ENGLISH guo FULANL  tlalk]
FRENCH gao HAUSA gao
ARABIC harraz KANQUR!  haragu
CHAD ARABIC craza MORE zanga
BAMBARA balanzan SONGHA!  gao
OJERMA gao WOLOF cadde

2. Acacia ataxacantha D.C.

BAMBARA  bonson! DJERMA  kougou
sofakauen! HAUSA goumb}
kore

Use for tive fences, posts, flrewood,
fodder (valuable), branch fencing

3. Acacia caffra Willd. var. campylacantha Aubr.

Also see APPENDIX B

SYNONYMS ;

Acacla campylacantha Hochst., ex A. Rich.

Aeaeda catechu W

Acacla polyumthu Willd. subsp. campylacantha
{Hochst.) Prenah

CHAD ARABIC al guetter HAUSA karo

BAMBARA kuroko tserkakla
FULANI fatariahl KANOURI  golawal
HORE guera
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4. Acacia dudgaoni Craib. ex Holl,

Acacda senegal var. sdamoryana Rob,
Acacla samdry

5. Acacia farnesiana Wilid.

6. Acacia flava (Forsk.) Schwfth.

SYNONYMS ;

Acacla ftava ver, atacorensis
Acacia ataconensis

DJERMA  tamat HAUSA  tamat
menne

/ip‘



7. Acacia gourmaensis A, Chey.
not 11lustrated

VORE  gonponlall
gonsablega

Like Acacla mellifera In East Africa

9. Acacia lasta R, Pr.
SYNONYM: Acceda thentindand A. Chev,
DJERMA  danngha HAUSA  akovias

K 10. Acacia macrostachya Reichenb,

BAMBARA ouenldle FULANI  chldl .
kordontinlo patarham]
mbourcur MORE karedega

OJERMA  goumbl guembaogo

Use for edibly seads, lesves to graze, 1lvo fences,
posts, flrewood, fodder {(valuable), bronch foncing
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12, Acacia pennata Willd.

13. Acacia raddiana Savi,

SYNONYMS ;
Acacda Lortilis Hayne
Acacda ‘«udm.a,m Gulll, & Perr,

CHAD ARABIC :alale FULANT  ehif1yk!
BAVBARA saysle  HAUSA kand| )}
DJERMA bissau  KAMOUR| kand 1)

11. Acacia macrothrysa Harms,

Auuua daltltl,u Crauib,
Acada prORSLS
cacda buchananii Harms

KANOUR!  gardays

\7 o



14. Acacia scorpioides (L.) var. nilotica (L.) A. Chev,
Also see APPENDIX B
SYNONYMS:  Aeacda nélotica (L.) Willd.

Himosa nilotica L,
Acacla arabicn (Lom.) var. nilotlca (L.) Benth.

FRENCH gonakler DJERMA  banl
CHAD ARABIC sunta, chorat, FULANI gaudi
i senet, sunt HAUSA  bagarua
BAMBARA barana MORE peguenega
dlabe
bolna

Found In lowlands; near water or In moist solls

15. Acacia scorpioides (L.) var. adstringens Bak.

SYNONYM: Acacda adansoni{ Guitl. & Perr.

FRENCH gonakler DJERMA  banl

CHAD ARABIC sunta, cherat, FULANI  goudl
senet, sunt HAUSA bagarua

HAMBARA barana KANOUR|  kangar
dlabe kissau
bolna MORE peranange

Feund In highlands, In drier environments




16. Acacia sanegal (L.) Willd,

Also see APPENDIX B
SYNONYM:  Acacla verek Gulli,

ENGLISH gum arabic
FRENCH gommler
CHAD ARABIC asharst

kitr &l ablod
BAMBARA donkor}
DJERMA danya

Source of gum arabic

17. Acacia sayal Dol

SYNONYMS:  Acacia 4Leocarpa Hochst,
Acacia boboesu s Aubi,

CHAD ARABIC talhaye HAUSA
BAMBARA sagnle KAHOUR!
DJERMA saykire MORE
FULAN) bulk}

Use for flrewood, fodder

& Perr,

FULANY  dIbehl
patuk!
HAUSA dakworo
KANOUR!  kolo}
MORE gonimlniga

farin kaya
karamga
gompelaga
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A 18. Acacia sieberiana D.C,

Also sae APPENDIX B
SYNONYMS ¢

Acacda verugera Schwelnt,
sdnguinea Gulll, & Perr.

Acacda achmanniana

Acacia villosa

Acacia fischernid

Acaeda monga

Acacia verhmoens.is

Acacia nefasia Schwelnf,

CHAD ARABIC  kuk
BAMBARA baki

FULANE gle daneJ]
HAUSA boud ]
dushe
KANOUR | kotalogu
MORE golponsgo

19. Acacia stenocarpa Hochst.
var, chariensis A. Chev.




20. Adansonia digitata L.,
Also seos APPENDIX 8

ENGLISH baobab FULA"  bokki
FRENCH baobab HALISA v
CHAD ARABIC hahar KANOUis x4 <a
BAMRAR slto MORE toegs
DJERMA konlan

Use for edlble |oaves and frult, bark
for flber products

21. Adenium obaesum (Forsk,)
Roem. et Schult,

SYNONYMS:  Adenium arsbicum Palt, ¢,

Adenium coelaneum Stapf,
Adendum honghet 5, x,
CHAD ARABIC kyka mery
BAMBARA

& VORE foukala sitand}

kongostta
FULAN| lekl poour]
HAUSA karys
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23, Afrormosia laxiflora Harms,

MORE tankon!ligs

makarfo

FULANI palahl

HAUSA
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FRENCH I1nguo HAUSA kawo
DIERMA koo KANOURI  gayo
FULANI gayoh! MORE kankalga

25, Albizzia chevalieri Harms,
Also see APPENDIX B

Xp e
NS
[R5 "
A \§$ R0
2 S

;
IS

CHAD ARABIC ared HAUSA katsar!
BAMBARA

golo ri KANOURI  tsagle
FULANT Jurlchl MORE ronsedonga
nyebal

Use for fodder, constructlon, roots to repair gourds

26. Ampelocissus grantii (Bak.) Planch.

HAUSA  rogon dajl
FUUN!  gufugafal




§
\\ .
29. Andira inermis H.P, & K, ’

FULANT  daluhl

HAUSA  madobla
gvaska

HORE ovenlebende

27. Anacardium occidentale L.

Also soe APPENDIX B
Uss for edlble nut (valuable),

flrewood, constructicn, sol!
regsneration

28. Anclomanes difformis not 11iustrated
HAUSA  cakara KANOURI  gazamangal

#



31. Anogeissus leiocarpus

Guill, & Perr.
Also see APPENDIX B
SYNONYM:
Anogelsaus schimpert Hocl ox
Hutch & Dalz.

CHAD ARABIC sahab
BAMBARA  krekete
DJERMA gonga
FULANI kojol1
HAUSA narike
KANOUR| snnum
MORE sighs

plega




32, Azgdirachta indica A, Juss,
Also see APPENDIX B

ENGLISH Neem FRENCH Neom

Use for firewood, poles,
constructlon, brush your
teeth with the bark

33. Balanites aegyptisca (L.) Del.
Also sea APPENDIX B

CHAD ARABIC haJil] KANOUR! chlingo
BAMBARA soguene blto
DJERMA garbey MORE tlegaliga

/
/ FULANI fannl
HAUSA sdoua

Use for edible frults,
flrewood, tool handles,
soap, polson

34. Bauhinia reticulata D.C,

Also see APPENDIX B

SYNONYMS: Bauhdnia glahra A, Chev,
Bauhdnia glauca A. Chev,
Pillostigma neticulatim (0.C.) Hochst.

CHAD ARABIC harum HAUSA calgo
BAMBARA nlamaba KANOUR!  kaldu!
DJERMA kosseye HORE barant
FULANI barkevl

Use for smdking wood

\QL(



36. Berlinia grandifiorc -/3h)) v

Hutch, & Daie,

SYNONYM:
Berlinia aunicutata
HAUSA raf]

. Bauhinia rufescons Lam,
SYNONYMS :

Bauhinin adansoniang Gulll, & Perr,
ind pavidotin Hocrst,

CHAD ARADIC kule kule
BAMBARA

Juesnmbr
DJERMA namarj
FULAMY nama|
HAUSA dirga
KANOUR? slsl
MORE t1poega

Use for flrevood,
medicing




ENGLISH kapok tree
FRENCH  kepokler

Uso for kspok
tibor - not as
tins as Ceiba
petarndra (sve
54, this op-
pendix, eand

oppendix B)

AT
s !

38. Bombax costatum Pellegr. & Vuillet.

SYNONYM: Bombax {lanmeum Ulbr.

37. Bombax buonopozenss Beauv,

|

ENGLISH kapok tree DJERMA  forogo

FRENCH kapokler FULANI  kurukl

CHAD ARABIC Johe HAUSA kuria Use for kepok,

BAMBARA zoumbou KANOURI  yelta edible leaves
HORE ousaka



40. Boscia angustifolia A, Rich.

BAMBARA dlaba
gulnadiou
toutlgul

FULANI  anzagl

HAUSA agaJinl

KANOUR!  marga

MORE kislinkinde

39. Borassus aothiopum Mart,

Also see APPTHDIX B
SYNONYM;

Borassus flabellifer L. vor.
aethiopum (Mart,) Warb,

FRENCH ronler
CHAD ARABIC delob
DJERMA sobouze
FULAN! dubbl
HAUSA glgunia
KANOUR| ganga
komeluty

Use for termlte-proof posts for
construction, fences, etc., leaves
and "stems" for fencing relnforcement,
Slow growing.




41, Boscia salicifolia Oliv.

CHAD ARABIC mahkel
HAUSA zoure

Use for edible loaves

. Boscia senegalensis L.am.

TR PR CHAD ARABIC  hermet-moheb
5\ BAMBARA bere
e / - DJERMA orba
) i / dllo
V.- SN FULANI gulgulle
|[! HAUSA anza

dlalow

J o KANOUR: bul tus
» 7 MORE nabedega
\\ lambolga
Use for construction, edible trults

_ g ly and seeds



43. Boswellia dalzielli Hutch,

FULANI  ancakeh! KANOURI  kafl dukan
HAUSA  hano

44. Bridelia ferruginea Benth,
BAMBARA  babon|{ HAUSA kirn)

sagus KANOURI  2Ind}
FULAN!I  maren! MORE tonsaloga

dafl

Use for firewood, fodder

45. Burkea africana Hook,

CHAD AMABIC azrak ana

FULtAN| kokob |
HAUSA  bakln-makarfo
MORE  slenra

.
Q
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48. Butyrospermum parkii Kotschy

Also see APPENDIX B

SYNONYM:  Butyrospermum paradoxum (Goortn. f.) Hepper

ENGLISH shea nut trea FULAN}  karehl
FRENCH karite HAUSA kandanya
CHAD ARASIC um kurum KANOURL  toso
DJERMA boulanga

MORE tanga

Use for shea butter, hard wood for mortar



47. Cadaba farinosa Forsk,

A
“\Y/ CHAD ARABIC slrreh
BAMBARA berekunan
temba
HAUSA bagay
KANOURI marga

48. Calotropis pracera (Ait.) Dryand

CHAD ARABIC rhalga
BAMBARA

fugolrl

ngounyo
FULAN? bambam|)
HAUSA tumfafya

KANCURI kayo

Use for construction

49, Capparis corymbosa Lam.
CHAD ARABIC mardo

HAUSA haujar!-nutane
KANOUR ) pldo
damsa




50. Capparis tomeantosa Lam

SYNONYM:

Cayparis potymoapha A. Rich,
CHAD ARPBIC gulum

HAUSA haujarl
KANOUR! za]l

Use for fodder

61. Cassin sismea Lam.

Also see APPENDIX B
FRENCY. cassla

Use for construction,
flrewood, windbreek:




52. Cassia sisberiana D.C.

CHAD ARABIC sirelh
BAMBARA

sinla
slinedlen
DJERMA samturl
FULANI maiayah!
HAUSA malga
KANOUR| tadln zlkkl
marge
MORE kombIssaka

Use for hard tirewond

I,

(3 “‘, A
™ 77 v W
: ’)’/# ¢ -

53. Cassia singusana Dal.

SYNONYM; e

Ccas4a goratensis Fres.,

CHAD ARABIC shadarat- - a
8l bashima \

FULAN{ rumfuhl
wabl | 1h|

HAUSA rumfu

KANOUR| tugulale RN N

MORE gualeponsgo '/

Use for fodder, tIrawood \ ‘
/\ \

23

A



£5. Celtis integrifolia Lam.

CHAD ARABIC sbun gatu

BAMBARA gaua
komaguan
FULAN T gank]
HAUSA dikk!
zZuwo
kouka
KANOURI nquso
MORE tintigeliga

Use for fodder, flrewood

54, Ceiba petandra (L.) Gaerin.

Also see APPENDIX B

SYNONYM:
Eriodendron ondientale

ENGLISH siik cotton tree
FRENCH {romager

CHAD ARABIC rum

FULAM? bantahl|

HAUSA riml

KANOURI tom

MORE gunga

Best source o} kapok fiber




56. Ceratotheca sesamoides Endl.

TULANI  wanko
HAUSA  karkash|
KANOURI  kembu i ubul

57. Cochlospermum tinctorium Pert.

X

CHAD ARABIC maghr W
FULANI Jarundal

HAUSA ravaya

KANOUR| masauwe

58, Combretum aculeatum Vent.

BAMBARA  owolo FULARL  bularal
konti oualo
DJERMA  bouboure HAUSA  bubukya
MORE ked1tambiga

Dy




09, Combretum bindurianum Kotschy

HAUSA  fara gezs

60. Combratunt ghasalense Engl, & Diels

SYNONYM:
Combretum dalzielil

HAUSA bakin
taramnya
KANOURI  zindI

61. Combretum glutinosum Perr.
HAUSA tarsmnya

Y
o

o7 d)
#“V@ "é! CHAD ARABIC hebl |
“m&l BAMBARA demba KANOURI  katagar
PaRVAY DJERMA kokorbe MORF kwenga
's"‘ FULANI buskl

Use for gum, flrewood, chercoal

;
i

h )



62. Combretum glutinosum var, paisargei Aubr,
P /\ ‘)\ HAUSA  taramnys

Yo /‘/.

. 4 / S

o . Use for fIrewood

h
i

63. Combretum hypopilinum Diels

HAUSA  Jan
taramnya

64. Combretum lamprocarpum Diels
SYNONYM:  Combaptum verticillatum

HAUSA  taramnya



. Combretum micranthum G. Don.

BAMBARA  kolobe HAUSA gleza
DJERMA  koubou MORE landaga
FULANI  taltl

guy 2.l

Use for hut sticks, medicine,
gum, flrewood

66. Combretum molle R. Br.
2x G. Don

SYNOHYMS ; A
Combretum velutinum D,C,

Combretum dckodense
Combretum Lecnerse

FULAN] damoruh!
HAUSA  wuyan daho

SYNONYM:
Combretum Lecananthum Engl. & Dlels.

BAMBARA dlangaro
DJERVA  dellignia
FULANI  doklgori
HAUSA doagers

MORE kusrehtusga



68. Commiphora africana (Rich.) Engl,

SYNONYMS ; Palsamodendron agricanum Arn,
Heudelotia agricana Rich,

CHAD ARABIC hbarkat  HAuSA dash|

gafal KANOURI  kab}
FuLan| becadl MORE kodemtaboga
Uso tor [ive fences

69, Cordia abyssinica R. Br,

SYNONYMS:  Coadia africana Lam,
Cordin ubanghensis Chey,

CHAD ARABIC bir)Juk HAUSA allliba
ngirtl KANOUR)  aluba
FULANI Hiibani

Use for edible frylt

70. Corchorus olitorius L.

CHAD ARABIC mulckhlye
HAUSA malafya
K2NOURI ganzalno



71. Courbonia virgata Brongn.

SYNOHYMS ¢
Courbonda pesudopetalosa Gllg. & Ben,
taerua pseudopetalosa (Gllg.) de Wolf

HAUSA lslo
KAMOURI  kumkum

72. Crataeva religiosa Forsk.

SYNONYM: Crataeva adansonii D.C.

CHAD AKABIC dabkar

FULAN| landam ban!
HAUSA ungududu
goude
KANOURI nqulido
MORE kaslegain-tohlga

73. Crossopteryx febrifuga Benth.

SYNONYMS :
Crossopteryx afa‘ecana Bzlli,
Crcasopteryx kotschyana Fenzl,

BAMBARA  ballmta PALSA  kasflys
klenke VORE  kumronangs
FULANI  brekoll




74. Croton macrostachys Hochst, ex A. Rich,

SYNONYM:  Capaon ambilis Muol,

75.

CHAD ARABIC deapa
HAUSA korlbe
KANOURI moronory

Cussonia barteri Seem,
SYNONYMS :

Cussonia nigeriea Hutch,
Custonia kjalonensis

CHAD ARABIC bulukunty

DJERMA karebanga
FULAN] bumariahi
HAUSA tekander-glwa

0!



< 77. Daniella oliverii {Rolfe) Hutch. & Dalz.
/) SYNONYM:  Paradaniellia oliverd Rotfe.

FRENCH santan
CHAD ARABIC somelm
DJERVA {armey
FULANI kahariahl
HAUSA maje
/s KANOURI maJo
MOPE honga
—_ vy
0 — -,
'\A'/] : -~
N ~— LN,

78. Detarium microcarpum
Guill, & Perr.

79. Datarium senegalense Gmel,

FRENCH moroda
CHAD ARABIC abulelle
DJERMA fantou
FULANI| konkeh}
HAUSA taura
KANOUR! gatapo
HORE kagtaga

Use for drum-wood



Dichrostachys glomerata (Forsk.) Hutch. & Dalz,

SYNONYMS:  Dichrostachys arborea N.E. Br.
Dichrostachys cinerea (L.) Might & Arn,
Dichrostachys mutans Benth.
Dichrostachys platycarpa Welw.
Gaillien dichros tachys Gulll, & Perr,

CHAD ARABIC dhlgingap HAUSA dundu

BAMBATA gl lkl-goro KANOUR! garblnna
ntlligul MORE sunsutigs
FULANY bur!l
patrulakl

Use for thorn fencing, medicine, root fibers

\ FULANI nel'bl KANOURI  burgum

. 81. Diospyros maespiliformis Hochst,
“ ’ CHAD ARABIC  Jukhan HAUSA kanyan

I’ Use for edible frult, flrewcod



http:ptalyca.pa

82. Entada africana Guill. & Perr.

83. Entada sudanica Schweinf.

Also see APPENDIX B

CHAD ARABIC dorot HAUSA tavatsa
BAMBARA dlamba KANOURI  falofala

samanere MORE slanlcgo
FULANI fado-wanduh !

Use for flrewood, medicine



84. Erythrina senegalensis D.C.
BAMBARA timeba

lerung
HAUSA mad)lrya

Also ses APPENDIX B

SYNONYM: /=
Eucalyptus rostrata sehlocht, / )

86. Euphorbia balsamifera A1,

SYNONYMS:  Euphonbia rogerd N.E, Br,
Euphonbla depium €, Br,

DJERMA  borre
FULANI  yayo
magera
HAUSA agoua
KANOUR!  yaro
magara

Use for |lve hedges

I's
A



67. Ficus gnaphalocaipa A. Rich,

SYNONYMS ¢

Fleus sycomorus L.

[ rus trachyphylla Fenzl.
Grosse crenala Warb.

CHAD ARABIC lamelz HAUSA baoure
al ablad KANOURE  tormy

BAMBARA nlturo obbo
toro n'toro Jivi

FULAN! ylbe MORE kankanga
obbl

Use for edlble frult, medicine, bark

88. Ficus iy Mig.

SYNOHYMS :
Fleus bawurd Hutch,
Fleus Lutea Vah,

BAMBARA  turu

HAUSA kawuri|
KANOURI  busugu
MORE

kempsera-manga

89. Ficus iteophylla Mig.

SYNONYMS
Ficus bongoensis wWerb,
Ficus spragueana

FULANI  sekehl
HAUSA shirya
KANOUR! nJe-nja

Use for flrewood




80. Ficus plstyphylla Del.
SYNONYMS ;

Fleus bibracteata warb,
Fleus wnbrosa wWarp.,

CHAD ARABIC Jemelz

ol chmahar
BAMBARA n'kobo
FULAN) dunden!
HAUSA gam] i
KANDUR! ngabara
MORE kempsaogo

Use for shado, medicine

91. Ficus polita Vah|

SYNOWYMS:  Ficus niammiamentis Werb.
Fieus stenosirhon wart.
Féeus syningifolia Warb.
Fleus syningoides warb.

CHAD ARABIC djlImelmb  HAUSA durum!

azrak KANOURI rita
FULAN! I1tan! HMORE pampanga

92, Ficus thonnir.gii Blume

CHAD /RABIC Jamslz HAUSA  tchedia

el abled XANGURI Jeja
BABANA dubale MCrE Xusca
FULANI biskeh!}

Use for medicine



93. Ficus vallis choudae Del.

SYNONYM: Ficus & nwednfurthid Mig

HAUSA,  dulu

94. Fluggea virosa (Roxb. ex Willd.} Baill.

SYNONYMS :
Fluggea microcarpa Biume
Fluggea virosa Buch.-Ham. ex Wall.
Seeurdnega microcarpa (Blume)
Pax & Hoffln
Phyllanthus virosus Roxb.

HAUSA daghlrto
tsa
KANOURI  shim shim




95. Gardenia arubescens
Stapt. & Hutch,

CHAD ARABIC am miflfene
BAMBARA

m'bure
mussama
DJERMA slnesan
FULAN| dingsi}
HAUSA gaoude
KANOUR! gursime
gogut
MORE fankornh-gongn Use for dye

96. Gmelina arborea Roxb. not 111ustrated
Also soe APPENDIX 8
ENGLISH malina

Use for scft wood tfor matches, boxes, etc,)

97. Grewia bicolor Juss.
CHAD ARABIC abesh

FULANI leloko
-~ KANOURI djimdjime
* MORE tonlage

Use for edible frult

98. Grewia flavescens Juss.
CHAD ARABIC gueddeb

HAUSA kamanmoa
KANOUR) karna}
MORE somkondo




99. Grewia mnllis Juss,
CHAD ARABIC ghubbesh HAUSA dargaza
BAMBARA nogo nogo  KANOUR! karno
FULANI kelll MCRE mun|muka

Use for salt from ashes

100. Grewia villosa Willd.

SYNONYM:
Grewia corylifolia
Gelll. & Perr,

e TR
AN \\ /7
A\N\"¥
101, Guiera senegalensis Lam. & YL "I '
Also see APPENDIX B 6
CHAD ARABIC kabeah =
BAMBARA kudlengbe
DJERMA sabora
FULANI gellokl
HAUSA sabara
KANOURI kasasal
MORE unulgs

Use for flrewood, seeds for
dysentery medicine
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102. Gymnosporia sanegalensis Loes.

baytenus senegalensds (Lam.) Excol)

BAMBARA n'gulgue  HAUSA nem! jIn-tsada
1

103. Hannoe undulata Planch.

. Heeria insignis (Dcl.) O. Ktze.

Anaphrenium abyssinicuwnm Hochst,
Rhus imsignis Del,

BAMBARA  kalokar| HAUSA  kashesho



105. Hibiscus asper Hook.

not {tlustrated

FULANI  follere

HAUSA yokuwar
daj!

*KANOUR!  karasu

106. Hibiscus cannabinus L.

CHAD ARAEIC tHIt

tibe
FULANY gabal
HAUSA roma
KANOURI ngatal

107. Hibiscus esculentus L.

not §llustrated

CHAD ARABIC bamlys

FULANI tokeyl
HAUSA kubews
KANOUR | nubalto

108

Hymenocardia acida Tul.

BAMBARA  tanjoro

FULANI  yewa tctoje
bodehl

HAUSA Jon-yaro
dJan-[tche

Use for rod-colored
wood




FRENCH doum FULANI  gellohl
CHAD ARABIC dom HAUSA goriba
DJERMA kangau  KANOURI kerzun

Use for construction, edible frult

110. Isoberlinia dalzielii Craib & Stapf. pet 1lustrated

SYNONYM: Tsobealinia tomentosa (Harms.) Cralb, & Stapf,

BAMOARA  sau HAUSA  fara doka
slo MORE  kalsaka
FULANI  kubahl

111, Isoberlinia doka
Craib & Stapf

HAUSA  doka




113. Kigelia africana Benth.

SYNONYMS
Kigelin aethiopica Decna.
Kigelia agricana var.

aethlopica Aubr.
CHAD ARABIC  kouk
FULAN) glrlahl
HAUSA rahmna
baounla
KAROUR| bulungu
MORE dindon
11mb)

112. Khaya senegalensis Jiiss.

ENGLISH African "mahogany"
FRENCH callcedrat

DJERMA farel
FULANI datehl
call
HAUSA madad ]!
KANOURI kaga
MORE kuga

Use for fodder

Y



114. Lannea acida A. Rich.
Alsc see APPENDIX B

FULANI faruhl
HAUSA faroy
KANOURI  adnrazagal
MORE pekun|
sabga

Use for odible frutt

115. Lannea afzelii Engl.

SYNONYMS .

larnea glabberima Engl. § Krause
Larnea grossulfania A, Chev,
Lannea nigritana (sc. Ell.) Keay

HAUSA daoys

Use for medicine

116. Lannea humilis {Oliv.) Engl.
SYNONYMS:  Lapmen bagirmonsis Engt,
0dina humilis ojiv,
KANOUR | kurubuiyl
117. Lannea oleosa not I1justrated

SYNONYM:  Odina acdda



118. Leptadenia lancifolia Decne.
SYNONYMS :
Leptadenda kastata (Pers.) Decne.
Cymanchum hastatum Pers.

CHAD ARABIC sha'alob

FULANI yaht
HAUSA yadlyn
KANOUR| njara

119. Leptadenia spartium Wright

SYNONYM:
Leptadenia pyrotechnica (Forsk.) Dec.,
CHAD ARABIC marakh

FULANI sabale
HAUSA kafumbo
KANOUR| karlmebo

120. Lophira alata Banks

SYNONYU:
Lopléra Lanceolata
Yen Tlegh. ex Kasy

BAMBARA  mana

FULANI  karehi gorl

HAUSA nanlJIn
kadal




121, Maerua angolensis D.C.

CHAD ARABIC shegara

el zaraf
BAM3ARA bre-bre

kokall
FULAN| teggal

batl
HAUSA clciws
KANOURI abchl
MORE kess [ga

Use for foddor

CHAD ARABIC zorhale

sarsh
BAMBARA beredlou
FULAN| sogul
HAUSA Jiga
KANOUR! Jlga
MORE kossiga

Use for tool handles,
flrewood, todder

123. Menotes keratingii

FULANI  Jang!
HAUSA farin rus

iy
‘.n.v.\w/.nwﬁﬂy.'!"




2=
B NN
\\,\\/ 124. Mitragyna inermis O. Kuntze

SYNONYH:
Hltragyra afadlcana Korth,

CHAD ARADIC ngato

BAMBARA dloun
FULANI koli
HAUSA guljeJa
KANOUR! kawul
MORE 1toga

Use for firewood, medicine,
tish baskets

125. Momordica balsamina L.

HAUSA garafunt
KANOURI  dugdoge




126. Moringa pterygosperma Gaertn,

SYNCNYIM: Herdnga oteifera Lam,

CHAD APABIC g lm

FULANY gullgandan!
HALSA zogolangand!
KANCURI allum

MORE argentliga

Usu for odllle leaves

127. Nauclea esculanta
not I{lustrated

FULANI  bakureht
HAUS tafashiya

128. Nauclea !atifolia Smith X

XVENS A7
\ = A /“_\Yg"(l
h ‘{”Jns.

249



129. Nymphaea lotus L.

CHAD ARABIC slttelb

FULANI tatbara
HAUSA bado
KANOUR dembl

130. Ormocarpum bibracteatum Bak.

HAUSA fashkare
glwa
KANOURI  sabram

131. Oryza barthii

not {llustrated

HAUSA shimkafs

,Lf&f.)



132. Ostryoderris chevalieri Dunn

SYNONYM:  Ostryoderris Stublmannii
(Taub.) Dunn ex Harms,

BAMBARA  mussa sans

{ugu
HAUSA burdi
HORE baombanko

133. Parinari curatoliaefolia Planck.

FRENCH pommier du cayor  HAUSA rura
DJERMA  gumsa gawassa
FULAN!  nawarre-bad} KANOURI  mande

134. Parinari macrophyila Sabine

FULANI  nawarre
HAUSA  gawasa
MORE ouamtanga

Use for edible frult




135. Parkia biglobosa Benth.

Also see APPLNDIX B
SYNONYHS :

Parkia elappertonia Keay
Wrosa biglobosa Jacq,

FRENCH nere
CHAD ARABIC malto
BAMBARA nere
OJERMA dosso
FULANI narghl
HAUSA dorowa
FANOURI runo
MORE rouaga

Use for edible frult

Y

gl
AT

\.

SN

Also soe APPEMDIX B

NJERMA  sassa banl
HAUSA sharan abl
KANOURI  sharan labl

use for flrewood, |lve

fenclng, windbroaks,
sol | cover

137. Phoenix dactylifera L.

not 1! lustrated

ENGLISH date paim
FRENCH palmlor dattler
CHAD ARABIC tamrel
FULANT bukkl

dibinobl
HAUSA dablino
KANOURI difono



139. Prosopis africana Taub.

138. Poupertia birrey {Hochst.) Aubr,
' ’ \ ’ Also ses APPENDIX B
\ \ SYNONYM:  Sclerocaisn birreq Hochst,
I FRENCH dine HAUSA  danya
! CHAD ARABIC homeid  KANOUR) kumagy
BAMBARA kuatan
‘ ‘. & FULANI heri
Use for edible frult,
& ‘ Jight woodworking
T F b~

MORE nobege

Also ses APPENDIX B

SYNONYM:
Prosopls oblonga Benth,

BAMBARA gusle
FULANI  kon!
HAUSA kirlya
KANOUR!  simaim
MORE

nlurl-segue

Use ¢or construction,
!oodwnrlr!ng, charcoat,
tanning



140. Prosopis juliflora (Sw.) D.C.
Also sem APPENDIX b
SYNONYMS ;
Prosopis chilensis (Mol.) Stuntz
Ceratonia chilensis Mol.
ENGLISH (USA) mesquite
Use tor fenco posts, flrewood,

Ilve fencling, windbreaks,
fodder

141, Pseudocedrala kotschyi Harms.

SYNONYM
Cedrala hotschud Schwelnf,

FULANI  bodo

HAUSA tuna

KANOURI  kngarakagun,
MORE segucdere

v



142. Pteleopsis suberosa
Engl. & Lrels.

SYNONYM:

PLeleopsds keratingld Gi Ig.

HAUSA  wyan damo

Use for fodder

gaod!
HAUSA madobia
KANOURI  buwa
MORE.

143. Pterocarpus erinaceus Poir.
FRENCH  vene

BAMBARA  ('labe
DJERMA  tolo
FULANI  banuhl

pempe laga

Use for tirewood, flowers
for sauce, & construction

&/.;;

€



144. Raphionacme brownii Sc. Elliot

FULANI  fugore
HAUSA rujlya
KANOURI gadager

145. Salvacora persica L.

CHAD ARABIC arak FULANI  hiroh!

slwek HAUSA talakla
BAMBARA hiriguesse  KANOURI bebuli
DJERMA hro MORE Irak

Use loaves for stocksalt

145. Securidaca Inngipedunculata Fres.

CHAD ARABIC aloll
BAMEBARA

dlot
FULANI alall
HAUSA magunguna
FANOUKI gazeboro
MORE pelage

Use for {lrewood

Z("(f



147. Sterculia satigera Del,

SYNONYM;
Sterculia tomentosa Gulll. & Perr.

CQHAD ARABIC  shadarat

al damn
8aara koko

konguran!
FULANY bo'ball
HAUSA Kukuk !
KANCUR| sugubo
HORE pupunga

Use for gum

148, Stereospermum kunthianum Cham,
CHAD ARABIC oss

arad
BAMBARA 0 holo
FULANI 'gng?ombl
HAUSA sansam|
KANOUR | golomb}
MORE vulgs

nihllongs

Use for flrewcod




149,

Strychnos spinosa Lam.

SYNONYHS :

Stayehnos courntetd Chev,
Strychnod dulels Chev.
Stayehnos cmangdratn Bak.

BAVBARA kankoro  HAUSA
FULANT  kumblja  KANOU

Uso tor edible frult

Lrychnos gracillima Glig.
Staychnod Lokua A, Rich.
Strychnos volhensid Glig.

koklya
Rl torla

160. Stylochiton warneckii Engl.

not {llustrated HAUSA gwandal
KANOUR|  ngura

151, Swartzia madagascaraensis Desv.

HAUSA  gwaskls
goma fada



152, Syzygium guineense D.C.

BAMBARA  klssa
FULANI  asurahi
SA ma lmo

Rl kunar

£) "i >
AT 9

[
AT/ 3%
: 'Q’Q‘&' %
,.“ A / )] -\y.‘ % .
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153. Tamarindus indica L.

Also see APPENDIX B

* ENGLISH tamarind tree
FRENCH tanarinlier
CHAD ARABIC tamr hindi
BAMBARA tomb!

DJERMA bossaye
FULANI Jtotami
HAUSA tsamlya
KANOUR! tomsugu
MORE pouslgs

Use for Julce from frult,
woodworking, charcoal



164. Terminalie avicennioides Guill. & Perr.

SYNONYMS ¢
Teaminalia dictvoneura Dlels,
Teaminalia Lecardii Engl. & Dlels.

BAMBARA oudlotlen!  HAUSA bauchl

DJERMA  ferkahangs  KANOURI  kumanda

FULANI  bodeyl barbar
MORE kutruagate

Use tor fodder, flrewood, roots
for dye

. Tetrapleura endongensis Weiw.

var. schweinfurthii Aubr.

SYNONYMS :

Tetaaplena cbtusangala Welw,

Tetrapleura nilnticn Taub,

Tetaaplewrs schveinfurthid Taud.

Amblyjonocarpus andongensis Welw. ex Ollv,

Amblygonocarpus 8chweinfurthii

FULAN!  Jigarehl HAUSA kirya te mata
tsage



166. Trichilia emetica Valh,

FULANI  baszi

bakurch(
HAUSA kusa

Jonsaye
MORE kikiramtanga

167. Uapaca somon Aubr. & Leandri

SYNONYM: Uapaca Logoensds Pax

BAMBARA  samon
FULANI bakurghi
HAUSA katafago
KANOUR|  goramt!

AR



158. Vitex cuneata Schum. & Thonn.

Also ses APPENDIX B

SYNONYMS :

Vitex chariensis Chev.

Vitex cicnkowskii Kotschy & Perr.
Vitex doniana Swoet

Vitex paludosa Vatkc

CHAD ARABIC umrugulguh  FULANI galbihl

BAMBARA sokoro HAUSA dumn Jas
koroba KANOURI ngoribl
DJERMA bo-1 MORE sncege

Uso for edible frult, Ilght
woodworkling, leavos for
cysontery medicine

159. Vitex diversifolia Bak. —

SYNONYM: . ;
Vitex simplicdfolia Ollv. \

BAMBARA  kotoni
FULAM bummah!

HAUSA  dTnyer ~—




160. Xeromphis nilotica (Stapf.) Keay not 11lustrated

SYNONYMS ;

Randia nllotica Stopt. FULANI  giolgot!

Lachnosdphonium nil-ticun (Stapt.) Candy HAUSA kwanarla
KANOUR| bantatal

161. Ximenia americana L.

SYMONYM:
Ximenia nilotica

CHAD ARABIC kalto

BAMBARA tonkaln
quani
FULANI chabul|
sene
HAUSA tsada
KANOURI dadin
MORE leonga

Use for edible frult

162. Ziziphus abyssinicus Hochst. ex A. Rich.
not liustrated
SYNONYMS :
WUzriphus atacorensis Chev.
J{2éphus baguirmine Chov.

CHAD ARABIC nabaga

DJERMA dare

FULANI guium Jab!
HAUSA magar la~kura
KANOURT kulufy bina




Also see APPENDIX B
CHAD ARABIC karno

FULANI kurnaht
HAUSA kurna
KANOUR| korna

Use for edlble frult (bltter)

. Ziziphus mauritiaca Lam.

SYNONYMS ¢

Lizdphus mauritiana Lam,
Uulphus orthacantha D.C.
LUzdphus fufuba (L.) Lam,

CHAD ARABIC nabagsle

BAMBARA tombaron
nlama ba
FULANI Jati
barkev!
HAUSA magar|ia
KANOUR | kusulu
MORE mugunuga
bagandre

Use for sweet edible frult,
& loavas

164. Ziziphus sieberiana
not !llustrated

HAUSA magaria-kura

S



Appendix B

A Field Guide to 30 Tree Species
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Acacia albida De|.

Synonyms : Faidnerbia albida (Del.) Chev.
Acacia gyrocarna Hochst.
Acacia sacehanata Benth.

Common Names: ENGLISH gao FULANI  tiaiki
FRENCH gao HAUSA gao
ARABIC harraz KANOURI haragu

CHAD ARABIC araza HMORE zanga
BAMBARA 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 1s duli grey, fissured and scaly. Branchlets
are white; spines are thick, white, straight and point down-
ward. Leaves are grey-green; 3-1C pairs pinnules and 6-23
pairs leaflets. A. albida flowers with creamy white blossoms.
Seeds are dark brown inside yellow pods which are 8-15¢cm long.
A. albida 1s highly valued in conservation efforts. It is

the “onTy species which loses 1ts leaves during the rainy
season; therefore, fariing under these trees < 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; scak 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 o? tap
root. Watch for caterpiliar and locust attacks
which destroy young leaves. Spray with
ordinary insecticide.



PLANTING/SITE REQUIREMENTS

USES

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 is at the Tow end of the scale.

Direct Seeding: Can be tried under good conditiuns. Seeds can be
fed to Tivestock. 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
transplanting. Wide spacing of plants (10m X 10m)
is required.

. Good soil conservation tree (can Tead to higher yields of
crops planted underneath).
. Puds good food for cattle.
. Branches useful for fences.
Leaves used for animal feed.
Heod -- for carving,
Bark contains tannin.

SPECIAL NOTES

-- Introduction of Acacia albida 1s 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 grcwth (Niger and Upper Volta).

~- It 1s not clear yet just how mich 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 arc small and hard to see and
may be lost during hoeing 1f not marked. It is usually necessary
to protect these trees for & - 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.

-- £, albida until recently was able to regenerate naturally because
the seads were eaten by and passed from the bodies of animals.
Now land and grazing pressures have fncreased so much that the
young trees are being destroyed by browsing animals and cleaning
operations.



Acacia caffra Willg. var. campylacantha Aubr.

Synonyms : Acacia campyfacantha Hochst., ex A, Rich.
Acacia catechu W.
Acacia polycantha Willd. subsp. campylacantha
{Hochst.) Prenah

Common Names : CHAD ARABIC al guetter HAUSA karo
BAMBARA kuroko tserkakia
FULANI fatarlahi  KANOLRI 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.

Time:

Other Notes: Good germination; grows rapidly.

PLANTING/SITE REQUIREMENTS

Soil: Heavy soil, has adapted to variety of conditions,
Water: Along water courses.

Direct Seeding:

Other Notes:



USES

. Localized use for construction purposes.
and resistant to insects.

. Leaves used for fodder.

. Bark ylelds tannin.

SPECIAL NOTES

Heartwood very hard

.
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Acacia scorpioides (L.) var. nilotica (L.) A. Chev.

Synonyms : Acacia nifotica (L.) Willd,
Mimosa nilotica L.
Acacia arabica (Lam.) var. nifotica (L.) Benth,

Common Names: FRENCH gonakier CJERMA  bani
CHAD ARABIC sunta, charat, FULANI gaudi
senet, sunt HAUSA  bagarua
BAMBARA barana MORE peguenega
diabe
boina

Legal Restrictions: Classifiaed as "Specially Useful"; Cutting and
Removal.

GEMERAL DESCRIPTION

Small or medium tree 3-8m with long white or grey spines and
very dark, almost black, fissured bark. It grows rapidly.
Bails of yellow flowers, ‘iarrow whittish grey tlattened 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 wezks
Other Notes:

PLANTING/SITE REQUIREMENTS

Soil: Heavy soil

Water: Likes a Tot of water. Plant where water table is
close to surface. Will io well even In areas
where periodic floodiry occurs.

Direct Seeding:



USES

Live fences and windbreaks. Pods and bark provide natural tannin
material,

SPECIAL NOTES



Acacia seregal (L..) Willd.

Synonyms : Acaria verek Guill, & Perr.
Common Names : ENGLISH gum arabic FULANI  dibehi
FRENCH gommier patuki
CHAD ARABIC asharat HAUSA dakworo
kitr 2l abiod KANOURI kolol
BAMBARA donkory MORE goniminiga
DJERMA canya

Source of gum arabic

Legal Restrictions: Cutting and removal. The nature, site, and pro-
pagation requirements of this specfes place fts
development, protection, and production under
contrrol 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 leailets. A. senegal has creamy white
flowers; prown sued pods which are flat and papery. Each pod cun-
tains 1-5 greenish brown seeds. A senegal produces gum arabic
between ages of 4 and 18.

SEEDS
Source: Strong, healthy parent trees.
Collection: Seeds ripen in November-December, South-central Nigar,
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 preoject 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 sofls, dry savanna, abandoned fields or dunes
stabilized by grasses,

Water: Oriest sites; 350mm mean annual rainfall,

Direct Seeding: Can be directly seeded easfly. Wa'ch for insect and
redent damage,

Other Notes:
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. 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 wil] grow in regions of heavier
rainfall,

-~ Because this tree produces a spectal product {gum arabic), it 1s
being studied n many ways. Extension activities are underway to
advise people on how to get higher yields from tapping procedures
and how to market the product. Countries are sceking ways to in-
crease output of gum arabic for world markets.

=~ It may be more feasible to protect and éncourage natural regenera-
tion than to start extensive Planting efforts,



Acacia sieberiana D.C.

Synonyms : Acacia verugera Schweinf,
Acacia singuinea Guill, & Perr,
Acacia rehmanniana
Acacda villosa
Acacia fischerit
Acacia monga

Acacia v 0014848
Acacla nefasia Schweinf,
Common Names : CHAD ARABIC kuk
BAMBARA baki
FULANI gle daneji
HAUSA boudji
dushe
YANOURI katalogu
MORE golponsgo

Legal Restrictions:

GENERAL DESCRIPTION

Acacia sieberiana is a large acacia, up to 15m tall. It has long
white,stralgkt spines and fairly smooth, 11ght 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 {s 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 fn a varfety
of sofls.



Water: Grows well in areas with higher rainfall.

Direct Seeding:

Other Notes:
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.- Hood 1s easy to work with and 1s used to make tool handles and
other 11ght objects.

- Good firewood and charcoal.
. Bark 1s a source of tannin.
. Some value in 1{ve fencing and windbreaks,
. Produces a type of gum arabic.
SPECIAL NOTES



Adansonia digitata L.

Synonyms :

Common Names: ENGLISH baobab FULANI  bokki
FRENCH baobab HAUSA kuka
CHAD ARABIC hahar  KANOURI kuka
BAMBARA sito MORE toega
Cuiii konian

Legal Restrictions: "Specially Useful®: Cutting and Removal:

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 1s
good to eat. Seeds are acid and may be cooked or eaten fresh.
Leaves are palnately divided into 5-7 segments.

SEEDS

Source:

Collection: Seeds ripen December-February, Upper VYolta,
Extraction:

Storage:

Pre-Treatment:

NURSERY
Pots/Open-rooted: Good results with open-rooted stock.
Elﬁ:; Notes: In pot culture, some seeds can take up to a
year to germinate.
PLANTING/SITE REQUIREMENTS

Sofl:

Water:

Direct Seeding:



Other Notes:

USES

A major food tree of Hausas -- lea

ves driedand used for flavoring
sauces.

Bark used to make mats, paper
SPECIAL NOTES



Aldizzia chevalieri Harms.

Synonyms :
Common Names: ChAD ARABIC ared HAUSA katsari
BAMLARA golo iri 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
and contain 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:
USES
Primarily firewood.

Some uses for root fiber.

SPECIAL NOTES

S



Anacardium occidentale L.

Synonyms :
Common Names:
Legal Restrictions: The nature of the tree places 1ts development

and production under protecticn 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 o1l 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 pcts; 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, Tow country up to 150m; grows well
on eroded and other poor 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 1in foreign
markets,

. Constructfon - packing cases; boat-building; firewood.
SPECIAL NOTES
-~ Ideal tree for sof] 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 fruyft,

-- Bark contains up to 10% tannin,



Anogeissus leiocarpus Guill. & Perr.

Synonyms : Anogeissus Schimpeni Hochst. ex
Hutch & Dalz.
Common tiames: CHAD ARABIC saheb
BAMBAPA krekete
CJERMA gonga
FULAN! kojol1
HAUSA marike
KANOURI annum
MORE sigha
plega

Legal Restrictions: Classified as "Specially Useful."

GENERAL DESCRIPTION

Anogeissus lejocarpus 1s a medium to large tree which often gets
very tall, Leaves are small and lanced; fruits are small, yel-
lowish-brown colored cones coentaining many seeds. The wood is
heavy and hard.

SEEDS

Source:

Collection:

Extraction:

Storage:

Pre-Treatment: None necessary.

NURSERY

Pots/Open-rooted: Experiments with growth in pots proved non-
successful.

Time:

Other Notes: Slow growth discourages artificial propagation.
There has been 11ttle success in germinating.

PLANTING/SITE REQUIREMENTS

Soil: Moist, low-lying soil along water courses.
Water: 900-1,200mm mean annual precipitation.
Direct Seeding:

Other Notes:



USES
Hard wood useful for fence posts. Construction and woodworking.
Ashes of the wood used for potash in soap-making and dyeing.
SPECIAL NOTES
-- This is an impressive tree because of its large size. But

growth 1s very slow, and discouraging nursery results make
1ts potentia) doubtful at the moment. More research {s 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 1s thick and dark
grey. Flowers with bunches of small whi:e 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 failen 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 1n sand and keep wet for one week.

Plant only seeds which are swollen.

NURSERY

Pots/Open-rootzd: Can be planted in pots -- good-sized trees in
3 months. Usually plantea as open-rooted

stock.

Time: Leave open-rooted stock 8-11 months (trees
average Im high).

Other Motes: Plant seeds in horizontal position in beds or
pots.

When transporting upen-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 1s ava{l-
able within 9-12m of the surface.

Direct Seeding: Works well in good locations; best to plant as
Individual trees or in Tines

Other Notes: Needs rain within 4-6 days after planting or
survival 1s doubtfyl.

USES
. Firewood
- Construction wood
. Fence posts, when treated with pesticide
. Reforestation urposes
« Seeds yield oir for soap and burning

SPECIAL NOTES

Pl



Balanites aegyptiaca (L.) Del.

Synonyms ;

Common Names: CHAD ARABIC haji1j  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, straight, green spines. Bark fis greyish
green to brown and ic fissured. Fruits resemble dates and are
yellow when ripe. The wood {s 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: Soak fruit in water and separate seeds from
pulp.
Storage:
Pre-Treatment: Soak 1n lTukewarm water overnight.
NURSERY

Pots/Open-rooted: Seeds planted in pots -- 50 pots, 2 seeds per
pot -- showed 61% germination.

Time: 18-24 weeks 1n 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:
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+ Construction from 11ght woodworking to heavy carpentry
+ Fruit 1s sweet and 1s a favorite food

. Animals, particularly camels, use for browse

« Strong emulsions of fruits may be used to poison fish

SPECIAL NOTES

== An excellent, all-around species well worth prepagating,
efther in plastic pots or by direct seeding.

-~ The wood 1s fine-grained, easy to work, durable, and
resistant to insects.



Bauhinia reticulata D.C.

Syncnyms : Bauhinia glahna A. Chev.
Bauhinia glauca A. Chev.
Piliostigma neticulatum (D.C.) Hochst.

Coinmon Names : CHAD ARABIC harum HAUSA calgo
BAMBARA nfamaba KANOURI kaldul
DJERMA kosseye MORE barani
FULAMI bartevi

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 {s 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 carly as
October, November in some areas (parts of
Upper Volta, for example).
Extraction:
Storage:
Pre-Treatment: Hot water overnight.
NURSERY
Pots/Open-rooted: Pots; 3 seeds per pot.
Time:
Other Notes: Poor germinution results in nursery.

PLANTING/SITE REQUIREMENTS

Sofl: Wide variety of sail, 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 {s an abundant tree, and this fact makes it of ques-
tionable value for a nursery project. Nevertheless, 1t
should be encouraged in fallow areas by direct seeding or
cuttings.



Borassus aethiopum

Synonyms ;

Common Names:

Legal Restrictions:

GENERAL DESCRIPTION

Mart.

Borassus fLabellifer L. var,
aethiopum (Mart.) Warb.

FRENCH ronier FULANI  dubbi
CHAD ARABIC deleb HAUSA gigunia
DJERMA sabouze KANOURI ganga, kemeiutu

Cutting and Removal; the nature, site, and
propagation requirements of this species
place 1ts development, protection, and pro-
duction under control of forest services.

Tall palm up to 25m. Stem is straight and smooth in old trees.

Bark 1s dark grey;

fan-shaped leaves up to 4m long. Orange fruft

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: Moi

st, low spo:s.

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, ete. It is especially
useful as rafters 1n mudwall housing, 1t {s rarely attacked
by termites and natural oils make 1t 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

Smali tree with thick,dark-grey, deeply fissured bark and
loug strap-1ike leaves. Flowers with white blossoms between
Mey and August. Mature fruit 1s green and about Scm Tong.
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 in 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:



USES

Hard wood used for mortar.
Hard to work but accepts a polish,
Nut produces butter -- useful for cooking, lamp burning

and cosmetic purposes -- both for local and export use.

SPECIAL NOTES

=- Tree 1s tolerant of annual burning.



Cassia siamea Lam.

Synonyme :

Common Names:

FRENCH cassia

Legal Restrictions:

GENERAL_DESCRIPTION

Moderate-sized evergreen with dense crown and smooth grey bark.
Yellow flowers in large bunches. Pods 10-25cm long hanging in
clusters. Foliage 1s especially 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:
Collaction:
Extraction:

Storage:
Pre-Treatment:

NURSERY

Sirong, healthy crees.

Decembar and January collect unopened pods.

Dry in sun and beat with stick., Nortar and
wind separatfon.

Cut; soak in warm water.

Pots/Open-rooted: Pots only in special s{tuations. Most seeds

Time:

Other Notes:

are open-rooted.

4-5 months 1n pots; 30 weeks to one year
open-rooted.

Potted plants require pruning; plant as a
"stump."”

PLANTING/SITE REQUIREMENTS

Soil:

Water:

Direct Seeding:

Other Notes:

Moist soil with good drainage.

500-7C¢am minimum annual precipitation; trees
do better with more rainfail.

Possible, but not done extensively.

Pl;gt a stump 10cm abavc ground; cut roots to
cm.



USES

Firewood, but 1s smokay,
Construction.

- Good, dense windbreaks wity no undergrowth.
« Reforestation purposés,

SPECIAL NOTES



Ceiba petandra (L.) Gaertn.

Synonyms : Eriodendron onientate
Common Names: ENGLISH si1k cotien tree
FRENCH fromager
CHAD ARABIC rum
FULANT hantahi
HAUSA rim{
KANOURI tom
MORE gunga

Legal Restrictions: Classified as “Specially Useful."

GENERAL DESCRIPTION

Ceiba pentandra is an impressive tree up to 60m with a wide
trunk an arge base roots. The trunk gradually

tapers to a narrow tip. Bark is smooth and grey; it 1s
valued for beauty, shade and cotton-like 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, low 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-11ke fiber (kapok) used for stuffing.

Canoes from wood.

Cuttings used as 1iving fence posts.

Seeds edible fresh, germinated or after extracting of1
for cattle feed.

Leaves yield hair lotion and medicine.

SPECIAL NOTES

0



Entada sudanica Schweinf.

Synonyms :
Comnon Names: CHAD ARABIC dorot HAUSA tawatsa
BAMBARA diamba KANOURI falofala
samanere MORE sianlogo
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 shapad 11ke 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.

PLAMTING/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 rostrata Schlecht.
Common Names;

‘Legal Restrictions:

GENERAL DESCRIPTION

A fast-growing, tzl (18-45m) tree. Bark of older tree rose-
pink; flowers profusely; seed germinates well. Moderately
heavy, hard wood,

SEEDS
Source: Nearest seeds available 1n Northern Rigerfa
(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 mist be drought
resistant and termite proof 1in both green and
dead stage.
Collection:
Extraction:
Storage:
Pre-Treatment:
NURSERY

Pots/Open-rooted: Pots.

Time: 18-24 weeks 1n 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 plenti®y)
groundwater. Where mean annual rainfall is

1,00mm or less, plant only along water courses.



Direct Seeding:

Other Notes: May require additiunal care and watering during
first year.

USES
- Reforestation -- 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% conceritration.

=~ Mix seeds with fine sand and spread over bed.

-~ Cover 1ightly 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 1n complete shade for first week.

Direct seeding into pots:

=~ Prepare soil mixture for the pots by adding HCH or Dieldrin --
1 kilogram/2500 pots.,

-- FI11 pots as usual.

-- Put seeds into soil.

-- Put 3-5mm of water into a cup.

== Moisten needle with the water to a helght not exceeding 3mm.

== Plunge the needie into the eucalyptus seeds (you will find
several seeds clinging to the point of the needle).

== Plerce 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 ncw be used.

-- When transplanting seedlings into empty pots, one should only
use seedlings which are between 25mm aad 50m 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
urder water. Introduced as a firewood *ree 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
Pots/Open-rooted: Not planted in pots. Open-rooted.
glﬁ:; 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: "ossible in tropical forests.
Other Notes: Plont as a stump.
USES

. Wood for match sticks.
Boxes.

SPECIAL NOTES



Guiera senegalensis Lam.

Synonyms :

Common Names : CHAD ARABIC kakeah
BAMBARA kudiengbe
DJERMA sabara
FULANI gelloki
HAUSA sabara
KANOURI kasasai
MORE unuiga

Legal Restrictions: Classified as “Specially Usefyl.*

GENERAL DESCRIPTION

Bush or small tree. Small grey-green leaves opposite one another
on the branches. Frufts are long, narrow capsules covered with
large hairs.

SEEDS

Source:

Collection:

Extraction:

Storage:

Pre-Treatment: None necessary.
NJRSERY

Pots/Open-rooted: Pots.

Time:

Other Notes: Project which planted 10 pots, 3 seeds per pot,
showed 10% germinaticn. Poor germinator,

PLANTING/SITE REQUIREMENTS

Soil: Sandy areas, particularly fields in fallow.
Water:

Direct Seeding: Probably best method; reproduces rapidly,
Other Notes: Worthwhile to plant cuttings.
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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 pafrs elliptical folioles.
Fruits look 11ke cherries.

SEEDS

Source:

Collectiun:

Extraction: Scak 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:

Othei* Notes: 10 pots planted with 2 seeds per pot showed
80% germination.

PLANTING/SITE REQUIREMENTS

Soil: Sudan zone.
Water:
Direct Seeding:

Other 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 : Parkia 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 Teaflets. Tree has hanging red flowers; seeds develop
1n long, narrow pods. Bark is thick and deeply fissured,

The wood 15 hard and heavy but is easily attacked by termites.

SEEDS
Source: Strong, healthy trees; local market.
Collection: Pick the largest, freshly fallen seeds.
Extraction: Remcve from pod.
Storage: Viability better when used right =say.
Pre~Treatment: Soak overnight in hot water.

NURSERY
Pots/Open-rooted: Pots only.
Time: 10-14 weeks.
Other Kotes: Speclal care; germination results variable

depending upon age f seeds.

PLANTING/SITE REQUIREMENTS

Soil: Deep, heavy sand (type where sorghum grows well);
known to survive on poor, rocky sites as well.

Water: 500~700mm mean annual precipitation.
Direct Seeding: Worth trying.
Other Notes:

e



USES

+ Light woodworking,
« Pulp of seed dried and ysed as flour,
. Seeds produce flavoring for sauces.,
Bark yields tannin for tanning and dyeing.

SPECIAL NOTES

-~ Parkia is often left standiig ¢, millet fields for its shade
and fruits. It {s ope of the few species farmers will actually
plant themselves,

=~ There 1is great demand for this tree. Given the demand and tka
ease of raising the tree, 1t may be good to constder as a cash
crop. In some areas, there {s enough market for the seeds to
warrant establishing special plantations,



Parkinsonia acculeata |_.

Synonyms :
Common Names: DJERMA  sassa bani

HAUSA sharan abi
KANOURI sharan Tabi

Legal Restrictions:

GENERAL DESCRIPTION

Tree grows to about 10m. Long branches which are covered

with 3cm-long spines and which droop. Many bright-yei.ow
flowers.

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 only).

NURSFRY

Pots/Open-rooted: Pots,

Time: 6-10 weeks 1n pots.

Other Notes: Easy to raise, but roots nced pruning.
PLANTING/SITE REQUIREMENTS

Soil: Dry sites.

Water: 350-400mm mean annual precipitation.

Diract Seeding: Worth trying.
Other Notes:


http:bright-yel.ow

USES
» Firewood.
Live fences.
Windbreaks and sof) cover for conservation.

SPECIAL NOTES



Poupartia birrea (Hochst.) Aubr.

Synonyms : Selerocarya birrea 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: 1 pots, 2 seeds per pot, had germination rate
of 00%.

PLAKTING/SITE REQUIREMENTS

Soil: Throughout Sahel and Sudan zonas.
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 a
kind of beer,
Local value for medical purposes.
SPECIAL NOTES

The tree's high germination rate and the value of its wood
and fruit seem to justify propagation in the nursery,

T



Proscpis africana Taub.

Synonyms : Prosopis oblLonga Benth,

Common Names : BAMBARA guele
FULANI  kon{
HAUSA kiriya
KANOURI  simain
MORE ruri-segue

Legal Restrictions: Classified as “Specially Useful v

GENERAL DESCRIPTION

Medium tree with light-colored foliage. It grows rapidly,
Leaves lave 2-4 pinnules and 6-12 foifoles. "There s a
gland between each patr of pinnyles and folioles, Pods
are davk-brown cylinders which are thick and hard. Wood

SEEDS
Source:

Collection: Seeds ripen in February-ﬂarch. Niger.
Extraction:

Storage:
Pre-Treatment: Warm stratification. Hot vater overnight.

NURSERY
Pots/Open-rooted: Pots.
Time: 14-18 weeks.
Cther Notes:

PLANTING/SITE REQUIREMENTS

Sofl: Usually grows n ebandoned fields or where forest
has been replaced by savanna.

Water:
Direct Seeding:

Cther Notes: Grows sfngly, not in clusters,

R



USES

Heavy carpentry and 11ght 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.

o~
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Prosopis juliflora (Sw.) D.C.

Synonyms : Prosopis chilensis (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: Mescy. Mortar and wind,or hand separation; powder
is sticky.
Storage:

Pre-Treatment: Hot water; clipping is possible hut 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.
Hater: Areas under 60..m mean precipitation.
Direct Seeding: Should be ensvuraged on a trial basis.

Other Notes:

USES

Wood useful for fence posts.
Firewocd.

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 1ts dense,
well-rounded crown. Bark s reddish-grey and 1s fissured.

Leaves consist of 10-15 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: MNone required.
NURSERY
Pots/Gpen-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 some areas, there {s sufficient demand for the fruit to

Justify special plantations.
-- Some countries export the fruft,



Vitex cuneata Schum. & Thonn.

Synonyms: Vitex chariensis Chev.
Vitex cienkowski{ Kotschy & Perr.
Vitex doniana Sweet
Vitex paludosa 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, 10-1Zm 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 Tukewarm 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

. Kood used for 1ight woodwork
. Fruits are popular food.

Leaves used 1n sauces and as medicine against dysentery,
SPECIAL NOTES

ing and building small boats.

== This is a popular tree mainly because of fts fruits, Un-
forrunately, {t {s

2 slow and poor germina‘or and propa-
gation is difficult



Ziziphus spina christi (L.) Willd.

Synonyms :

Common Names:

CHAD ARABIC karno
FULANI kurnah1
HAUSA kurna
KANOURI korna

Legal Restrictions:

GENERAL DESCRIPTION

Medium-sized tree which 1{ves a lTong time. Small, elliptical
leaves on slender branches with short, curved spines.

SEEDS
Source:
Collection:
Extraction:

Storage:
Pre-Treatment:

NURSERY

Stroig, healthy trees.

October-January, depending on location.
Soak fruit to remove pulp; crack shell with
hammer to extract seeds.

Soak 1n lukewarm water overnight.

Pots/Open-rooted: Pots,

Time:
Other Notes:

Project planted 50 pots, 2 seeds per pot;
35% germination. Grows fairly rapidly in
pots.

PLANTING/SITE REQUIREMENTS

Soil:

Water:

Direct Seeding:
Other Notes:

Extends into dry, desert areas but prefers
alluvial plains with decp soils.

Likes sites where some ground water is avail-
able; has long tap root.

Strong regenerative powers and is resistant
to heat and drought.

R
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Conservation uses for erosion control: windbreaks,
shelterbelts and dune fixation.

- Wood usea for fuel, tools and charceal.

. Branches and leaves weed for animal brovise.

SPEC(AL_NOTES



Appendix C

Climate, Vegetation, and Scils
Of Sub-Saharan Africa



CLIMATIC REGIONS

International
Bour.Jaries

Subtropical
Highlands

Arid and Semi-
Arid Tropics

Tropical
Highlands

Subhumid Tropical
Uplands

Humid Equatorial
Lowlands

Madagascar and Indian
Ocean Islands

Humid Coastal
Lowlands
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CLANITIC. ZOMNES oF
BB - SAHARFALS  \WET- pEPICA

DESCRIPTION CESCRIPTION MEAN ANNUAL
SYMBOL FRENCH ENGLISH PRECIPITATION
SA Saharien Saharan less than 200
SSa Sahelo-saharien Northern Sahel 200 to 400
Sc Sahélo-Céte sénégalais Senegal Coastal Sahel 400 to 500
Se Sahelo-sénegatlais Senegal Sahel 500 to 900
So Sahélo-soudanais Southern Sahe) 400 to 1200
6 Soudano-Guinien Sudan-Guinean 950 to 1750
6c Guinéen basse Casamance Casamance Geigean 1200 to 1750
Gn Guingen-mar{time Costal Guinean 1950 to 4500
6f Guinden - fcutanien Fauta Guinean 1800 to 2050

Source "Flore forestiére Soudano-Guinbene®

MEAR ANNUAL
SATURATION
DEFICIT _
20mm
15mm
§.3-7m
9-12mm
11.5-22mm
7-12m
6.5-7mm
4.4-5,5m

6-7mm

This terminology used here is commonly used 1n sub-Saharan West Africa and {s

based on the work of Aubreville. (As such 1t came nto use prior to the
creation of the Yangamb{ classification of African vegetation types.)
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map are based on the Yangambi classification
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.



NORTH
17O mm 10 mm 12D mm d4CO mm Scomm 200 mm
TwOPICAL | MOSAC WeeHLAME | werysep SHAHLES Thwe GRh i
PAIN SIVANNA CANANNA STEEPE STEFPE
onesT
(] r,'.'&f\’
;5,7:'."?"'
. 4 "k?ff’u %
» ';‘ ’, ;
25Nt il
‘ ": : O 28, ‘;‘ “O‘: ‘.
/ ‘EA '. l,l;..
l AWty X f'
r’jA\\Jl' MLIANL B
FEPRAL
FEPA I2OL <,
VEGETATION PROFILE NOBETU - OO 3EE_cHART Bzqing
MEU" FME FOR MORE.,
N

INFORMATION



VEGETATION AND SOILS

MEAN ANNUAL
RAINFALL
ZONE SUB-AREA in millimeters) GRASSES BUSHES & TREES SOILS
Salvadora Undifferentiated sg%iz less
Teptadenia Acacia radfiana than 30cm deep; sub-desert
SAHEL -2, . 0-200mm Frgsﬂda Some BaTanites sands in hot dry climate --
Panfcum often rich in carbonates
p , and soluble salts.
GRS
TEVFE
Aristida stipoides Brown_Sofls: Highly saturated
Cenchrus c?lsaris Acacia non-kaciinitic clays; fairly
SAHEL - - 200-500mm choenfeldia Comiphora fertile but dry.
ol gracilis Some thickets
Acacia nilotica
Terminalia Ferruginous Soils: gegin
KnogeIssus here often contain impermeable
tlower locations) layers of iron oxides. Out-
Acacia albida crops form “cuirace". Si0y/
SAVAKRNA s 500-900mm Hyphaene thebaica Alp03 ratio around 2. CcCation
Guiera senecalensis exchange capacities rather
Annona senegalensis poor. Free carbonates are
Ziziphus lacking, but free iron oxide
Bauhinia is common.

Range: 500-1200mm rainfall
(See also ¥oode¢ Savarna)
Fair Fertility



MEAN ANNUAL
RATNFALL
ZONE SUB-AREA {in millimeters) GRASSES BUSHES & TREES SOILS

Terminalia Ferruginous Soils: See
DutErosgermum rub Savanna®™.
Thick, tall grasses Parkia

Borassus

SAVAIRA 900-1200mm

. % soberlinia doka Ferralitic Soils: Begin
e aya over 1200mm rainfall. Cation
SAVARNA s 1200-1600mm Hyparrhenia exchange capacity very pcor.
%. T KnSroEgon S10z/A1203 ratio less than
” gayanus 2. Often, these soils are
very deep. (Oxisols USDA).
Similar to laterized* red
earth soils of East Africa.
Sometimes Tayers of iron
oxides but not as common as
in ferruginous soils.

Low Fertility

* The term “"laterite" is frequently used esrecially in connection with tropical soils. In spite of voluminous writings it
is not possible to define this term to everyone's satisfaction. In its purest sense the following description is given:
"zone(s) rich in sesauioxydes (A1303 and Fez 03) tkat, when cut into bricks, become hard as they dry.*

ceolggists, on the other hqnd. frequently use tha term to describe ferruginous leyers, already hard and cellular or clin-
kerlike, including concretionary coatings of iron oxides.

As a gi'ven.parent material is slowly transformed into laterite under the influence of its éxposure to a certain climate,
great chemical changes take place to considerable depths. Muych of the original silica is removed. Aluminum oxide
(A1203) leading -- in its purest form -- to coumercially exploitable accumulations of bauxite.



HEAN ANNUAL
RAINFALL
ZONE SUB-AREA {in millimeters) GRASSES BUSHES & TREES SOILS

Patches of moist
forest surround Hymenocardia acida Ferralitic Soils: Ferrizols,
1600~-1750mm areas of dense, [ogﬁira Tanceolata Yaolinite and oxides in clay

SAANNA
coarse savanna complex. See also "Woodlané".
grass.
SAVANNA over 1750qm
Horcak.
P
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INFORMATION SOURCES

The following organizations work in arid forestry, range
management, or agriculture, and can be contacted for information
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 Cffices in Dakar; Stations {n Ndjamena
Niamey, and Ouvagadougou)

Commornwealth 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.0, 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

Nairbi, Kenya
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International Crops Research In=itute for the
Sem1i-Arid Tronics (ICRISAT)

Patancheru P. 0,

Andhra Pradesh 502 324

Indfa

(Offices 1n Mali and Niger)

International Development Research Centre
(IDRC)

60 Qucon St,

P.0. Box 8500

Ottawa, Canada

International Institute for Env 1romment 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 ysa

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 (N1fTAL)
Project

P.0. Box 0

Pata, Hawatt 96779 ysa

Office of Arid Lands Studies
University of Arizona
Tucson, AZ 85719 USA

Tropical Products Inst’tute
56/62 Gray's Inn Rd.

London WC1 X8Ly

England

Tropical Resources Institute

Yale School of Forestry and Envirommental Studies
205 Prospect St,

New Haven, CT 06511 USA

316



U.S. GOYERNMENT AGENCIES

Forestry Support Program
FSP Roam 1208 RPE

USFS P.0. Box 2417

Wash ington, D.C. 20013 USA

Office of International Development and Cooperation
(0ICD)

U.S. Dept. of Agriculture

Roam 4405 Auditors Building

Washington, D.C. 20250 USA

Office of Technology Assessment (OTA)
600 Pennsylvania Ave. S.E.
Washington, D.C. 20510 USA

Peace Corps

OTAPS/Forest,y 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
So11 Conservation Service

P.0. Box 2890

Washington, D.C. NSA

USAID (Agency for International Development)
Department of State

Washington, D.C. 20520 USA

(AID field offices can be contacted 1hrough
the respective U.S. Embassies)

USAID

Sclence and Technology/FENR
Dept. cf State

Washington, D.C. 20520 USA

International Forestry Staff
Romm 1208 RPE

USDA/FS

P.0. Box 2419

Washington, D.C. 20013 USA



AGENCIES RESPOMSIBLE FOR NATURAL
RESOURZE. MANAGEMENT IN ARID LANDS

Conservator of Forasts

Miristry 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 dos Laux 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'Environnemenrt
Lome, Togo

DNAREF
B.P. 1341
Yaounde, Cameroon

Forestry Association of Botswana
Box 2003
Gabarone, Botswana

Forestry Office
Box 30048
Lilongwe 3, Malawi

Forestry Research Center
P.0.Box 658
Khartoum, Sudan

Forest Research Institute
P.0. New Forest

Dehra Dun

U.P. India

Forestry Research Institute of Nigeria

F.M.B. 5054
Ibadan, Nigeria
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Land Utilization Division
Frivate Bag 003
Gabarone, Botswana

Ministry of Ag and Natural Resources
Box 5%
Yundum, Gambia

Ministry of Energy
PO Box 30582
Nairobi, Kenya

Ministry of Forestry
Box 426
Dar es Salaam, Tanzania

Ministry of Water Resources and Enviromment
5 Marina Parade
Banjul, Gambia

Ministers pro Nature
B.P. 4055
Dakar, Senegal

National Range Agency
PO Box 1759
Mogadishu, Somalia

Proection de 1a Nature
B.P. 170
Nouakchott, Mauritania

Reforestation jervica
Keren Kayemet

BP 45 Kiryat Haim
Haifa, Israel

INTERNATIONAL ORGANIZATIONS

CBLT (Lake Chad Basin Commission)
Forestry Division

B.P, 727

N*Djamena, Chad

CIEH (Interafrican Committee for Hydraulic Studies)
B.P. 369
Ouagadougou, Burkina Fasc

Comittee Inter~Etat pour 1a Lutte Contre
la Secheresse du Sahel (CILSS)

Prejects and Programs Division

B.P. 7049

Ouagadougou, Burkina Faso

b
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Enviromental Liafson Centre
P.0. Box 72461
Nairobi, Kenya

International Society of Tropical Foresters
5400 Grosvenor Lane
Bethseda, MD 20814 USA

International Tree Project Clearinghouss (ITPC)
Nom~governmental Liafson Service

2 UN Plaza

0C-2-RM 1103

New York, NY 10017 USA

International Unfon for Conservation of Nature and
Natural Resources

Avenue de Mont Blanc

CH - 1196 Gland

Switzerland
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