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FOREWORD
 

The decade since Reforestation in Arid Lands was first published has not beenkind to Africa's arid lands. From Senegal to Sudan, each season from the midseventies to 1984 brought less rain to nurture crops, water livestock, andsustain households than the average of the previous 70 years. By the early1980s, food shortages and the threat of famine had followed drought across avast crescent of savannas from the Sahel through eastern and southern Africa.Millions of people faced starvation; for hundreds of millions of others, thehardships of rura, life steadily deepened. 
Statistics on Africa sketch a troubled future. The continent's population, justover 400 million people in 1975, has expanded to 583 million in 1986, andwill increase by an additional 16 million this year. The UN Food andAgriculture Organization estimates that 2.3 million hectares of Africa's openwcodlands--an area nearly the size of Rwanda--are stripped for fuel or clearedto make way for new cropland each year. Much of this farmland, unsuited tosustained cultivation, produces less millet and sorghum per acre than morefertile areas tilled a generation ago. Despite the increase in cropland, harvests per person are declining. 

The statistics don't measure the degradation of standing trees,overcollection of branches thefor fuel and foliage for fodder, or the carelesssupervision of flocks of sheep and goats that nibble tree seedlings as theysprout. Savanna woodlands, the natural plant and animal diversity they oncesustained, and the fertility of cropland are, like Africa's rural people, thevictims of environmental deterioration that is difficult to quantify butimpossible to escape. 
Few circumstances could be more hostile to the success of reforestation
efforts. Arid yet the last decade has been one of notable progress. Support for
forestry has increased in both aid agencies and African governments, and tree
Klanting projects today are better matched to the needs of rural communities.
Early emphasis on plantation-based fuelwood production has given way tomore centralized community forestry approaches that involve local people inproject planning. Recognition that trees can enhance the fertility of agriculturalland has prompted research on agro,,orestq. Native African trees ranging fromAcacia albida, planted in millet fields to fix nitrogen and boost crop yields, towindbreaks and living fences of Ziziphus spinachristi, are today considered akey to restoring agricultural productivity on West Africa's degraded croplands.Prominent and well-publicized

in success stories, like CARE's windbreak projectthe Majjia Valley in Niger, show that tree planting compatible withcommunity needs can succeed even in harsh settings. 



Reforestation has become a centerpiece of rural develokey to conserving soil and water supplies, securin 
ment in arid lands, a

food production, andredurcing the hardships of rural life. Accordingly, the challenge of reforestat;onhas grown more complex. Foresters must understand how tree species interactwith their environments, match trees to the cultural needs, predispositions, andidiosyncracies of rural communities and coordinate the agendas ofdevelopment agencies with the limitations of local bureaucracies. It is no longerenough to know forestry alone; foresters must be advocates, lobbyists,accountants, fund raisers, negotiators, and diplomats as well, perhaps all in thesame afternoon. 
h'lis new edition of Recorestation in Arid Lands is a comprehensive referencefor people planting trees. Part field guide, part planting manual, partintroduction to the legal and social context of reforestation , the book distills thelessons of forestry successes

activities confront 
in dozens of countries. Few developmentdirectly the fundamentalso human and environmentalproblems that undernine development and prolong impoverishment throughoutAfrica's arid lands. Few can match the lasting satisfaction derived from treeplanting projects that become self sustaining. 

EdwardC. Wolf
Worldwatch Institute 

Washington, D.C. 



L INTRODUCTION 

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

The subject of this manual is reforestation in arid and semi-arid lands,specifically in Sub-Saharan Africa. The first edition of this manual, publishedjointly by Peace Corps and VITA, was an attempt to present current state-ofthe-art examples of reforestation methods used in West Africa. This newedition has a broadergeographic focus, drawing on experience in dry regionsof eastern and southern Africa as well. 
While the manuai focuses on Africa, many of the problems that projectplanners face are similar throughout the world. The major obstacles toreforestation programs are usually caused by a lack of understanding of thesocial context within which the programs must be carried out, rather than by alack of technical expertise, equipment, or funding. Local acceptance of aproject is indispensable to widespread participation in project activities, which
in turn is essential to ensure seedling protection and survival. Reforestation
projects will be willingly accepted only if they address specific needs that arelocally recognized a,, high priority problems within the community. This bookdeals with the broad subject of project design and implementation, and presentsmethods and planning guides useful in different cultural contexts. 

Reforestation efforts are generally begun for three important reasons: 1) toconserve and protect soil and watersheds; 2) to increase the availability of 
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forest products; and 3) to enhance the physical environment of humanhabitations. Reforestation programs have been undertaken to provide: 
o 	 erosion control -- trees and shrubs to keep water and wind from carryingaway rich topsoils that contain the nutrients that make the land fertile. 
o production of adequate sup plies of specific products--wood for fuel andconstruction, fruit and nuts for food, fodder tor livestock, etc. 
o protection--trees to provide shade for people and animals. 
But reforestation is only one component of larger land management endeavors.Increasingly projects areuenpraelaiteat c t o 	 - r. .efor ss, ., , , . . . .. .bcing designed with the understang" d ing tha t it isunrealistic to seParate reforestation from overall re'egetation and conservationprograms. Range and farm management, sand stabilization, agroforestry andother similar activities are undertaken--ideally--as interdependent parts of anintegrated land use system. 

T'ie tree planting techniques covered in the first edition dealt mainly with theestablishment of small woodlots and community forestry projects.t ese small,isolated stands of trees, usually planted on communally owned land, have onlya minimal effect on the environment. In the almost ten years that have elapsedsince then, the ;mportance of thinking more broadly in terms of revegetation isnow apparent. More projects are now aimed at encouragingtrees on their own property, as well as 	
farmers to planton public land. Eahiishment ofshrubs, bushes, grasses, and other ground cover, as well asOnl 	 trees, is neededmany sites that (,0 not have suficient veveiative protection. Recognizinthe evolution of this understanding, a new cfiapter on Agroforestry and SoifConservatioa reflects the broader range of activities !hat comprise reforestationmethods. 

The first edition of this manual was based on the collective experience ofproject planners, foresters, nursery workers, and local farmers and herders.Additional information on nursery operation and seedling production has beenincluded in this edition, and sections have been added covering propagationfrom cuttings, harvesting methods, and special procedures for tree planting ondifficult sites. Cha ter 4, Soil IProperties, has also been rewitten to be more
practical for actual field conditions.
 
The book h:s also been reorganized to give the material a more logical flow.
Chapter 2 presents the environmental 
 and politicalagroforestry project, and lists key elements for success. 

framework of an
Subsequent chaptersprogress through the various steps involved in the start-up of a reforestationro.ra .Project design and other aspects of planning are covered in Chapter-... hapter 4 provides some background on soil properties that influence siteand species selection, whichgives more 	 are discussed further in Chapter 5. Chapter 6detaled information on nursery planning ard preparation, andChapter 7 outlines the steps involved in the organization of tree-plantingactivities. 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 is available. Brief pictorial
views of each tree--a leaf, flower, branch, etc.--are provided for most of 
the species. Where possible, information is given on the uses of the tree
(not a comprehensive listing, but an indicator of the value of that tree for 
certain purposes). 

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

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

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

The manual assumes basic familiarity witht reforestation terms and methods. 
For example, it takes for granted that the reader will be familiar with laterite 
soi!s and with the use of such forestry tools as climate maps and vegetation
charts. 

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



2PROJECT FRAMEWORK 

This chapter presents some guidelines or characteristics of forestry andconservation programs that must be taken into consideration early on in theplanning process. Some decisions must be made as early as possible, in order
for the next phase in the project planning process to follow smoothly. Thischapter discusses some of the issues that requi, careful consideration at theoutset of project initiation. At all stages of a project, members of the affected
community should be drawn into the decision-making process. Communityparticipation is particularly important in project initiation, especially in theidentification of specific problems that need to be solved andthe setting of 
resource management goals and objectives. 

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

Preliminary Considerations 

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

o 	 taking into account social and cultural issues; 

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

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

o 	 imroving, developing, and conserving natural resources for the future;ang 
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o recognizing that conservation and production are interdependent, and thatin the long run, neither is possible without the other.
All programrs to conserve or develop natural resources --land, water, soil, trees,and other vegetation--must keep these factors in mind. 

Project Goals 
The primary conservation concern may be proection of the soil from erosionand loss of fertility, protection of watersheds, protection of the naturalvegetation and wildlife, or all of the above. Production oriented projects oftengive priority to increasing the amountconstruction; of wood availablehowever, for fuelmany other orpopulatio.ns. tree products haveIn determining value to ruralthe objectives of a project, production andconservation goals are not necessarily incompatible. Agoforestry approaches,if! now receiving widespread attention, because they allowa variety of mutually beneficial purposes (see Chapter 8). 

v land to be used for 
The first step in planning, then, is to determine what specific problems existthat the comnnujit' wtants to solve. Once a problem has been identified, it isthen possible to discuss what the proje s goals should be. It isplan realistically in detenmining the project goals, the time fra 

fiportant to"they are to be accomplished, and how they can be achieved within in overall 
e wi in which 

resource management framework. Some questions that should be asked are:
o 
 What problems will the project address'? Ilow will the project help to solvethese problems?
 
" 
 Does the project have a predominant objective..-eiter protectionduction? Are there multiple or pro!-ljectives?
 
o 
 What will the social effects of tWe project be? Is tle Oje orientedtowards communal efforts or individual farniers and households? How willit affect different people's lives and incomes? 
o If the project is a community or cooperative effbrt,Now are its benefits andresponsibilities to be d-istributed? Will some people benefit more thanothers? 

Community Involvement 
Early input from local people is crucialconservation personnel should cncourage community members to take part in 

to success. Foresters and otherall aspects of project design, planning, and implementation. This is not aIwayseasy, because there are usually local, national, and international concerns thatmay conflict. Nonetheless, a conservation project must be supported by thepeople living in the area or it will not work. 

http:populatio.ns
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Although land and resource use is largely controlled by government agencies,most communities have had some experience in managing their ownenvironment. Strong traditiorns often exist to regulate use of natural resources,as well as procedures for allocating these resources among members of thecommunity. There may also be customs regarding individual or cooperativeefforts on projects, decision making, and distribution of benefits. It is up toproject planners to find out what approaches will Le acceptable within tl~e localtradition, and community structures. 

Local people !re often the ones who are asked to give land for a project,provide labor, or participate in other ways. Usually a reforestation effort willhave to be supported by people for several years before results can be seen. Aproject should not be started, therefore, before commuiities are ready tosustain the effort. To make thiF, commitment, residents must believe that I) theproject will address problems tiat they have identified and consider to be highpriority needs; 2) the project will affect their environment and lives positively;and 3) the reslts will be worth the effort. 

Ideally the impetus for starting a reforestv:tion project should come from withinthe community itself. Sometimes erosion and wood shortages may berecognized as growing problems, but the community may not actively initiateefforts to counteract the problem for various reasons. Other problems orshortages may seem more urgent, or there may be a widespread belief that theenvironment is beyond the resources or power of the community to chang.e.Environmental problems are closely linked, however, with other problems thatmost concern rural People, such as those affecting agricultural production andhealth. There is a growing awareness within conservation circles of theimportance of these linkages to rural development programs. 
Project planners, therefore, often try to create interest in projects that willcontrol wind and water erosion, and which will also result in increased food,forage, and wood production. In such cases project planning should always bein liie with what people can and want to do. If the results of such projects arelikely to take years to show, local residents may look for more immediatebenefit,;, such as individual potted trees they can )lant for shade or fruit. Theproject should make every effort to respond to this level of need by providingthe requested trees. This will lead to increased community support for theproject, making it easier to convince the community of the necessity of theproject over the long tenn. 

The Conservation Community 

The conservation community includes everyone. Particularly when projects arebeing carried out locally, foresters and extension agents often must act as theintermediaries between the people involved at various levels. They must contactfarmers individually, work through such traditional authorities as village chiefsand elders, and involve representatives of various local, district, and national 
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representatives of all 
government bureaus arid agencies. They must also work cooperatively withsectors of the local economy to enstivemaximumcooperation between technical representatives and those concerned with socialprograms. 
There is a lot of informal instruction to be done in order to sell a forestrresource managem or"teaching," project and plan for smooth program operation. Thisthe 

het done well, lays a good foundation for the entire effort, andproject has a M:ch better chance of success.exp ain, bring toeth.r, Often it is necessaryand reconcile a number of interest groups, 
to 

some ofwhich have widely diffeing ideas about the same project.sometimes means filling a advisory role to a certain agency 
Such cooperation

responsibility for a special project. or undertaking
interests involved in a forestry 'rojec( 

Of course, coordinating the grourns andis all part of project planning; it rquirespatience, diplomacy, and skill to resolve the potential conflicts between localpopulations need to utilize the available resources
mandate to protect them. 

and the national agencies' 

Natural Resource Policies 
Among the first issues to consider in iiitiating a new project are nionalpolicies, the laws and regulations that govern natural resource use. In mostAfrican countries, ooncem for natuial resource management has led to thaeestablishment of certain areas for special purposes. These areas, called forestreserves, classified forests, wildlife preserves ,parks,be identified on large-scale govem,- 1ent maps. Ie 

or special reserves canregulated by government ager.cie,, use of these public lands isthrough national legislation. In arcas thathave not been set aside in this .. anner, land use and tenIre are frequentlycontrolled by the government as wII. Regulations can be complex, and vary a
great deal from country to country, accordingcustoms. These laws to national laws and localcan have 'ar-reaching effects on the lives of ruralinhabitants. For example: 
o 
 The setting of bush fires to clear fields may be controlled, limited to certain
times of the year, or prohibited altogether.
 
o Permits may be required to harvest certain species of tices, even if they aregrowing onPrivate property or were planted by the person who wishes to,se them. Obtainiig a permit often involves payment of a fee to theregulating agency. 
o Other tree species may be protected by. law. Cutting, grazing, or anydestructive use of these trees may be forbidden under any circumstances. 
o Forest service agents may often be responsible for the enforcement of theselaws as well as for the collection of fees and fines. Rural "-sidents maytend to regard the foresters as police, rather than as extension agents,conservationists, or natural resource managers. 
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Most countries have at least one agency that is responsible for developing,managing, and protecting natural resources. Revenues raised from permits andfines may be used to pay administrative and operating costs of these and othergovernment agencies, often through a specially established "forestry fund." 

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

Present Land Uses 

Wi:at is the land suited for now? What could the land produce if changes weremade? Would the new use be better than the old? Local customs, soils,topography, vegetation, and %,ter supply all must be studied before thesequestions can be answered full). Rural inhabitants who will participate in aforestry project or be affected by it in any way should be involved in all aspctsof la.nd use planning. Procedures for making these decisions at the local levelshould 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 effectiveto work with individual farmers or households. The individual project sites may be smaller, but they can serve as demonstrations for other members of thecommunity. 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 notland can be usedfor growing crops that allow people to support themselves.
Above all else, the people living in that area must get enough from the land tolive. For each tree that is planted, a certain amount of land is taken out ofproduction for other agricultural purposes. Because trees take a comparatively
,ong time to mature and be harvested, it is difficult for many farmers to take therisk of committing ineir land to forestry for so long. As a result, even ;f astaple crop they grow is not as valuable by itself as a cash crop might be inmarket terms, the land may already be serving its most important function. 

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

If the area is now filling one or several important purposes certain questionsshould be raised. Would land use be improved by a forestry or conservation 
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project? Which conservation efforts would im rove land use? Where shouldthey be located? What special efforts--such as firebreaks, planting field trees,terracing, or planting an orchard--would increase the value and usefulness of 
the land.vau 

an 	 usfl e so
 
Are wind erosion controls, such as 	windbreaks,needed around fami lands? Are there places that are not now being farmedwhere crops could grow if they were protected? Gentle sidc slopes may be a 

or water erosion controls 

good place to grow some fami crops if the fielderosion Caref 	 can be protected againstobservation and detailed study of the project area provideanswers to such questions. 

resource use, 
Once the project planners have completed an initial assessment of land andhave careful]y evaluated the local situation in terms of needs andproblems, and have agreedupon the project goals, it is necessary to begin amore detailed planning process: the project design. 

Key Elements for Project Success 
The following is a checklist of keys to successful forestry projects. These areparticularly important to keep in mind during the planning sta es. Some ofthese topics have already been mentioned in this chapter, while othersdiscussed in more detail elsewhere in the text.	 

are 

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

o 	 Encourage existing conservation activities. Village level nurseries,woodlots, windbreaks, and other ero:,ion control measures may alreadyexist in the area. Concentrate efforts on Improving. and extendingtechnologies that are already in place, rat.her than introducing new ones. 
o 	 Individual vs. communal activities Projects that can be implemented only through communal efforts may not take into account the mosteffective means for exending reforestation efforts. Project planners shouldconsider working with individuals on their own property as well. 

o Local participation. Rural inhabitants have a wealth of knowlcdgrabout thei: env; "onmentthat they can contribute to project plannin.participation is necessary to encourage that local needs and expectations are 
Tcir 

met. 
o Soil and water studies. It is vital to obtain all available data on soil andwater quality. If possible, samples should be analyzed by a qualifiedlaboratory. This should take place early so that the information can be usedin speci;cs and site selection. 
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o 	 Species selection. Indigenous species should be considered as well as
exotics. If possible, use a mixture of several species. 

o 	 Seed sources. Select species and identify seed sources early. If seed isto be obtained locally it will be necessary to locate good quality parent treesand train seed collectors. The genetic quality of tie planting stock can make
the difference between success and failure. 

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

o 	 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. 

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

o 	 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. 



PROJECT DESIGN 

Once the long-range goals of a project have been determined, communityparticipation established, and alternative land uses carefully evaluated, the wayin which the project will be implemented must be decided. The project designinvolves detailed technical planning and other considerations that must beintegrated into the overall forestry or ag roforestry project. One of the mostcomplex aspects of project design is the choice o' sites for reforestation efforts,and the matchin& of appropriate species to the site conditions. Because thesedecisions are so important, they are discussed in separate chapters. Chapter 4provides an introduction to site evaluation in terms of soil properties andtheirinfluence on plant growth. Chapter 5 deals with the effect of otherenvironmental factors on site and species selection, as well as considerationssuch as project purpose, human preferences, and legal constraints. 

Other issues in project design involve options for regeneration of plantations ornatural forests, seasonal considerations, water availability, site use planning,and protection of the growing stock. Project planning also includespreparations to direct activities and work effectively with crew members. Inaddition a successful project requires accurate record keeping. These issuesand their implications for project design are discussed below. 

Regeneration Options 
One of the first steps in designing a forestry or conservation project is toexamine various regeneration options. The key decision at this point is whetherit is neL...:ary to establish a nursery for selected species or whetherrevegetation can be accomplished in some other way. Some alternatives toraising seedlings in a nursery and transplanting them at the project include:direct seeding of the area, planting cuttings directly on the site, or simplyprotecting the area and leaving it alone so that it can regenerate naturally. 
Most current reforestation efforts in dry lands use a nursery to produceseedlings, because these other methods are not considered feasible for onereason or a.. ,;er.Establishing and maintaining a sizable nursery can beexpensive, however, and it may be worthwhile to try some of these alternative 
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techniques on an experimental basis to determine if they are practical. Theprincipal consideration at this point is the type of reforestation or revegetation
effort needed. 

Natural Regeneration 

Areas selected for reforestation are often marginal lands, unusable for intensiveagriculture because of soil quality, topography, lack of water, or other factors.ffowever, some trees will grow almost no of an 
possible for it to 

indhigenous species can be found on a site where
anywhere.

it should 
If 

be 
examples 

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 areno adult trees nearby producing seeds that can be carried by natural methods(for example by wind or water, or by animals depositing the seeds on theground in their manure), the seeds willbe scarce. Even if seeds are available,they may be unable to germinate or the newly sprouted seedlings may notsurvive, because of overgrazing, fires, or blowing sand in the area. If siteconditions continue to deteriorate, the species will become even more sparselydistributed because new vegetation cannot become established. 

Before any natural revegetation project can be undertaken, it is necessarymake sure tothat the factors preventing a species from growing on the site are notstill present, or that they can be overcome in the course of the project. Naturecan heal a barren area if given enough time, but in most cases, naturalreeneration cannot occur unless spccial efforts are made to help it along. Suchelforts minght include fencing the area, protecting it from over-grazing, andSetting up good local cooperation so that the residents realize the importance ofleaving the area alore. Sometimes a certain area can be helped best simply bymaking 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 directseeding, this method is certainly worth trying. Obviously, it is cheaper to sowseeds directly on the planting site than it is to establish a nursery, maintain theseedlings for several months, and then transfer the young trees to the plantingsite. It is even possible to direct seed by feeding pods ofcertain trees to cattleor sheep that graze on the land. They deposit their manure, containing theseeds, on the ground, and sometimes this method achieves a high germination
rate. 
Some direct seeding results have been good in areas with rainfall as low as700ram, but there is still much to be leared about direct seeding techniques ondry sites. One of the reasons this method has not been used more often in thepast has undoubtedly been the scarcity of seeds. Direct seeding requiresrelatively large quantities of seed. 
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Good results from direct seeding have been obtained in sub-Saharan Africawith Borassus aethiopin and Anacardium occidentale. Acacia albidaseedshave been sown in clumps in fenced-in areas and have started to grow. Goodregeneration has also been obtained with seeds scattered in bushy areas wherethe young trees were at least partially protected by thorny branches and twigs. 

Some trees simply cannot be grown using direct seeding techniques. One ofthe major constraints in dry areas is the irregularity of rainfall patterns. After afew rains have fallen, it is not uncommon lor a dry spell to occur. When thishap pens, newly sprouted seedlings rarely survive. While the water supply ofseedlings can be easily controlled in a nursery, it is usually impractical to waterdirect 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 aplanting site. Successfully propagated cuttings sprout new roots and leaves,and develop into genetically identical rplicas of the parent tree. Conrniptorafr#iana and several Euphorbia species are possible choices for this method ofrevegetation. However, use of cuttings is still only experimental on dry sites.
This method has the advantage of being low-cost, because little is needed in the way of equipment, and cuttings are easy to transport. As with direct seeding,
however, even brief dry spells can cause heavy losses if they occur before thecutting has established an adequate root system. A section on Propagation fromCuttings is included in chapter 9, Special Subjects. This section describesprocedures for seedling production in the nursery, or direct on-site revegetation
using cutting:. 

Nursery Production 

Although seedlings raised in a nursery may go through a short period oftransplant shock, they already have well developed root systems when they areplaced 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, therefore, that the best method for seedling production is a 
nursery. 

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

Other details regarding the nursery should be considered during the projectdesign process. What type of soil does the nursery site have? Will fertilizers beneeded? Should seeds be planted in plastic pots or other containers (clay jars, 
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leaves, cardboard, etc.) or directly into seedbeds (open-rooted)? Thesedeisions depend in part on the species to be grown, the size seedlings that areneeded, the amount of nursery space available, and the costs involved. 
Obtaining seeds is .,ftenshould be addressed earlyainmajor, pFproblem, and the question of seed ly

s _th _qetnoedsp supy i the p1anning process. Seeds must be ordered orcollected locally, and they must be treated and prepared. WI.at is the time-framefor the pro)ect? Now long will it take to set up the nursery? When shoula seedsbe planted? When is the best tirr to transplant? Is there ansupply? Is the land cleared? adequate waterDoes a fence have to be built? Each of theseimportant points is discussed in further detail in Chapter 6. 

Water Supply 
Water sup l., 

money an 

and costs are critical to nursery planning and operation. Much
time could have been saved in some nurseries if the first year hadbeen used only to test and observe the water supply and perhaps ra:se a fewthousand trees on a trial basis. While this kind of testing may not bepossibleone cannot be too careful when it comes to the subject of water supply. All toooften what looks like a good water source turns into a dry, or nearly dry, holejust at the time the water is needed most. This is when the trees in the nurseryare requiring the most water for growth, or when temperatures are highest, andthe plants are losing more water through transpiration and evaporation. 
Water Quantity 
It is essential to be completely realistic about water supply, the project's needfor water, and the costs involved.requirements for the nursery is given in Chapter 6. It is important not tounderestimate any of these factors. In sub-Saharanpossible to get a steady water supply without I) lifting the water from deep 

A method for calculating daily water 

Africa it is usually notunder the ground (as in a deep well), or 2) carrying it considerable distances
from the source :o the nursery. Both of these methods are expensive.

If the project has access to a deep well with a steady suppl
sense to include the cost of a pump in he proj.ect budget. 

of water, it makes
handlift a few hundred liters of watera day from a deep, open well, pumps are 
hile t is possible to
necessary when quantities


Large projects that use a 
as much as 400 liters, twice a day are called forwell for a water source cannot rely on that well if itdoes not have an adequate water lifting or pumping system. These systemsensure that sufficient water is available at all times with the least possible effort.It is worth taking extra time and effort to plan a well and water-lifting systemcarefully. 
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Water Quality 

Many water sources, whether they are wells or surface depressions, containconsiderable amounts of salt. In tact, in some areas along coastlines, a wellmay contain mostly salt water with only a thin layer of fresh water floating onthe surface. Even water that may not contain much salt originally can collectsalt as it flows over the ground; salt remains after the water evaporates.Sometimes salt concentrations are so heavy that trees cannot be grown in the 
area. 

Some trees and crops can stand more salt than others. Salt tolerance (the,,mount of salt a plant can take and still survive) of farm crops has beenstudied, and information is available for selecting crops that can live in watercontaining some salt. Unfortunately, however, relatively little is known abouthow much salt trees can absorb and still grow well. It does seem, however,that Casuarinaequisctflia (Australian pine), Conocaruslancifolius, Phoenixdact 'lfera(date palm), and Tamarft spp. (Tarnarisk) 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. Ina borderline situation--where it seems the trees might be able to live even if thewater has some salt in it--the usual practice is to "over-irrigate." Over-irrigationis accomplished by putting on too much water so that any damaging substancesin the water are likely to be washed down or leached an dare less likely to buildtIp 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 wellsusing methods that have been studied extensively in Africa, for example, bylocalgovemments, international organizations, consultants, and engineeringfinns. Most nurseries use wells as their principal source of water. 

Traditional wells in \frica are dug by hand. This is practical where the waterunder the earth's surface is only a few meters below ground level. In such cases, well construction is relati ,ely easy and little more than a simple hole isnecded. When the ground water is below 10-15 meters, well-digging becomessomewhat more complex, but still can be accomplished by hand-digging
methods at reasonable costs. 

In other areas, deeper wells are necessary, which require even morecomplicated construction procedures. In some places, it is necessary to dig 100meters before reaching aquifers (water-bearing layers of the earth). And evenwhen 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 du , they must penetrate 
the water-bearing layers as deeply as possible so that the well will continuegiving water even during the dry season when the water table in the aquiferdrops. Failure to plan adequately in terms of any of these factors can lead totrouble for the project. 

This well does not penetrate This well penetratesthe aquiferthe aquifer completely, therefore, 
 and willgive sufficient water
not enough wa;erwill be available during the dry season.
during the dry season.
 

Surface Water DevelopmentReforestation programs in semi-arid regions can also benefit from surfacewater development.
possible, Catching the rainwater and storin it for later useand several
construction are 

methods involvin mnicro-catchmeits is 
described andin Chapter 7. H ridge

reasons." v uin available waterresources such as rivers, lakes, and streams is often difficult for a number of
.... ., tc O lc lt o anu b r fIn many dry areas of Africa, for example, the ter at and the soils areoften sandy. Even when water is availa le, the soil cannot hold it well enoughto support vegetation. In places where running streamsland is often o ccur, the surroundingso flat that there is not enough slope to make an effectivediversion channel. Under these circumstances, gravity feed systems cannotcarry the water effectively from the source to the nursery or plant site.The typical flatness of the topography in many dry areas causes water to poolin large shallow depressions or asins. This water is difficult to use because it: 

o usually evaporates before it is needed most; 
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o frequently contains large amounts of silt; 

o has to be lifted and transported to be used. 
There are successful techniques for surface water development, although mostmethods require substantial investments of money, labor, tools, equipment,and maintenance. Some techniques involve reducing evaporation from watersurfaces, reducing infiltration losses, and reusing water. These all aredescribed in various texts listed in the bibliography at the end of this handbook. 

Seasonal Considerations 

Planting Schedule 

The timing and duration of the rainy season are the principal factors thatdetermine a reforestation project's planting schedule. In areas where there isone long dry season anda short rainy season, the period during whichseedlings can be successfully established is fairly short. Some parts of thetropics have what is called a bi-modal rainy season. In these regions twoseparate rainy seasons occur each year, one usually longer than the other,alternating with several months of dry season. 

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

Other seasonal changes also affect the nursery schedule. Seeds for differentspecies mature and must be collected at diffeient times of the year. Somespecies must be sown earlier than others so the trees will be large enough fortransplanting at the beginning of the rainy seasen. These considerations arediscussed 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 goingon during the period you have scheduled for planting. The beginning of therainy season is a very important time for farmers as well as foresters. For mostof the rural popu!ation, planting and cultivation of crops will take precedenceover any other activity during this period. If local labor will be needed to planttrees, there are some possible solutions to this potential conflict in the plantingschedule. Alternatives should always be discussed well in advance witheveryone involved to prevent misunderstandings. The following are some
alternatives to consider: 
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o 
 Find out when farmers will be busiest Sometimes there is a lull in farmingactivities during the first few weeks after the rainsbeen sown, but weeding has not yet begun. when the crops have 

planting trees during this period. 
It may be possible to plan on 

o In some projects most of the ground preparation is done before the rainy 
season begins. This involves Jigging the hes and doing any other microsite improvementsthat
or ridge construction are necessary such as individual water catchmentsThis advancetime re qured after the rains begi p reduces the actual plantadvisable on some dry sites however ( 

Pr-digglnec the l mantin,(se 	 cthe or-,chapte... hore ton ).o 	
more infomation)If seedlings are produced in a centralized nursery, they canearly and transported to the planting site in advance. They should be kept in 

be lifted outa temporary nursery until time for planting. Hlaving the seedlings already
at the site can save time, but this is only practical if they can be 	watered 
while there. This plan is Particularly advantageous in areas where the roadsbecoae impassable during the rainy season.
 o 
 Many villages have a traditional practice of setting aside one day a week for

community projects, evenactivity days during the rainy season.can These community 
con:;ervation efforts.

be used to support a wide variety of reforestation and 

Site Use Planning 

effort, it is time to plan for the fullest use of the site. In o.ther words, te area 

Once it has been decided that a site isavailable for use as part of a reforestationshould be utilized as complete y as possiblesuch as traditional 	 In. oqoratinor 	improved grazing other land uses(e.g., rotation from peanuts or intelncsified agricultural practicesto cerea crops to fllow), must be taken into 
account during the Planning process. This is particularly important if the site is
located near relatively high lensity population centers.
Whenever possible, sites 
are 	chosenimmediate benefits while the trees are 

so that local residents receiveput to optimal 	 rowing, and so that the land is being
some use. Somerevegetation efforts are 

of the land uses thatintercropping, increase benefits dulnggaShussedbof forest products, and controlled 
grass cutting by hand, collection aiddiscussed 	 grazing. These subjects are 

Conservation.
ely below and in more detail in Chapter, Agroforestry and Soil 

Ilntercropping 
Intercropping is the practice of planting and growing agricultural crops 
between the rows of planted trees and shrubs. If left uncultivated, the area 
between the trees would soon be covered with grass and other vegetation. 

http:efforts.be
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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 assevere 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 (500700mm annual rainfall), excellent results have been obtained for the trees andthe farmers. E-,en where results were poorer, intercroppping may still becheaper 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 requiresthat farmers be aware of the special restrictions and conditions necessary forgood plant growth. For example, the spacing of individual crops in relation tothe young trees must provide enough room or both to grow without deprivingeithier ot sufficient water, light, or nutrients. Young trees that are hard todistinguish from other plants (such as Acacia albida oi Grenlinaartx)rea) can
be marked with colored stakes or tape. 

Of course, the choice of crop makes a big difference as to the succcss or failureof intercropping. Peanuts, cowpeas, and other legumes have worked well, butmillet, sorghun, and corn hal" i'ffected some trees badly. The decision aboutwhich crops to raise as part of an intercropping program must be based oninformation about the crops, the nature of the site, and the type of tree that will
be planted there. 

It is particularly useful io grow crops in firebreaks. These are spaces leftbeiween blocks of trees or other vegetation so that fires which may break outcan be stopped before they bum down an entire plantation or nurser.Firebreaks in tree plantations are often quite wide, thus giving a lot of space orrowing crops. For them to be effective, it is very important that they be keptfree of weeds: planting and cultivating crops such as peanuts serves this purpose. When the area is completely cleaned after harvest, a relatively troublefree firebreak is created that lasts until the next growing season. Of course, theneed for a complete cleaning of the area after each harvest must be stressed 
and enforced. 

-Eqt. 4tt-:bI F S 
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L45T
METER FIREBREAK 

~ -*X4 'Is' 

Cutting and Gathering 
Strictly controlled cutting of grass for fodder, thatch, or mats may be feasible.Forest products such as leaves, nuts, fruits, &ums, or resins may also becollected. commodities often have, ,ese an important place in the localeconomy which should not be overlooked, especially because they maysignificant be asource 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, evenby an auoity ever
cutting. grass for animal feed, is controlled by an authrtyo thalt onerecognizes. It may be necessary to charge a fee tor such uses of the land. Land 

thea even 
use fees will probably not bring in a lot of money, but they are important forlaying a good and fair framework for the future of the area. Usually a nationalconservation agency is responsible for resource use and establishes limits forall cutting, grazing, ur farming allowed on the land. Receipts can and shouldbe used to sustain 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 treesare planted. This kind of overall revegetation effort illustrates the fact that thedivisions between forestry and range management programs are becoming lessrigid than they once were. 

Grazing is possible within the tree planting site as long as certain conditions arekept in mind: 
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o 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, forexample, can stand on its hind legs and reach up to two meters. Donkeys
also stand on their bind 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 vill _become so compacted thatair and water can penetrate the soil only with great difficulty. 

If grazing can be controlled, the combination of forestry and rangemanagement programs can lead to good land use projects. Livestock willcontibute 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 tosurvive without protection from animals. Two possibilities exist to protect thetrees: hiring people to keep animals or indiscriminate human users out of the area, or putting up fences. Some combination of both methods may be most 
effective. 

Surveillance 

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

Fencing 

There are two important considerations in the use of fences in a project: custom or habit, and cost. A fence should be arranged so it requires the fewest possiblechanges in land use patterns. Fences can be social as well as physical barriers.If residents of the area are used to letting nomads graze their herds insideharvested fields, this practice must be considered before those same fields arefenced. Such grazing serves economic and social needs, as well as helpingfertilize the land through the manure that is deposited. In order to take customsinto account, it may be necessary to plan a different kind of fence, place it 
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differently, or even chane the layout of the site before the land use problem 

can be solved satisfactori y.• 

constntiztion, and maintenance costs. Thc most expensive fences are those built 

No matter what type of fence is to be built, there are going to be materials,to protect individual trees, although there are situations that *ustify such fen
c,;_ V/,s vhen establishing individual shade trees in fieldsrtarkei fie,,.places. The least expensive fences 

mlds, along roads, or in cover large blocks of land 
fornexample, 50-100 hectares. Actual protection costs per tree are estimated for

different materials, sites, and areas--from individual trees to areas of over 100hectares. 
It :;imply is not possible o generalize that a particular plot size is the mosteffective unit from either an economic or social point of view. It is a good thins
to remember, however, that the larger ti,. block of land, the more likely there is
to be a problem with regulating its use. The two most important considerationsin fencing operate in direct conflict with each other: the method requiring the
fewest changes in land use patterns is the mostiexpensive (fencing individualtrees); the cheapest method of protection (fencing larger pieces of land) mayrequire the most change in traditional habits. 

Individual Tree Protection 

Maintenance must be included in the budgeted costs of a fence. Bitter
experience shows that money spent on building expensive, strong fences isd~sa pearentrelylonbef , _ _ t eFi 
wasted if they are not kept repa!red. Otherwise the c sbecom e useless o 
The ence nces

around 
disappear entirely long before the trees are ready to stand without protection.the nursery or permanentdemonstrate several kinds of fences and fencing material. It should be tight and 

site can be constructed to 
sturdy, and the gates easy to open and close. 
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Fences may be built from imported or local materials or a combination of both.There are advantages and disadvantages to each of these approaches. Whatevermaterials are used, the fence should be designed to fit the needs of the project.For example, if grazing animals are cattle only, a four-stranded barbed wirefence is sufficient. This fence will not keep out goats and sheep, however. Ifthere are goats and sheep in the area, either a different type fence must be built 
or the barbed wire fence must be in proved. 

Imported Materials
In many countries of arid Africa items such as metal posts, barbed wire, orwire mesh may have to be imported. Their major disadvantage is theirextremely high cost. Salvaged materias, such as steel banding used for crating,are sometimes available, and, if used well, will produce sturdy, durable 
fences. 

Traditionalmaterials 
Traditional materials for fencing include: 

o local woods for posts; 
o sticks and thorny branches from brush and bushes;
 
o 
 woven mats of bamboo or palm leaves; 
o stalks of millet or sorghum 
o banco (earthen) blocks 

Fence posts are made from those local woods that are most resistant to rot andinsect damage. Borassus aethiopum, for instance, is relatively resistant totermite damage. Hyphaenethebaica 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 thetree. Azadirachtaindica responds particularly well to this method of harvesting.The tree will sprout new branches that can in turn be :emoved. This practice iscalled pollarding, and is often used to cut fence posts or firewood when it is
not desirable to remove an entire tree. 

Combinationlive andconsti uctedfence. 
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Most posts should be treated with insecticide before they are used. Azadirachtaindica branches can be used, once they have been given the barrel treatmentwith an insecticide (as shown on the following page) to increaseresistance to terintes. Limbs and branches should be at least about 10cm 
their

indiameter and about 2m long. The largest ones are used for comers, gateposts,and line braces. 

t0 
Fill200 literdrum 1/3fullof insecticidesolution 

-

Y UL. 
Aga 4'r.W-

Set posts into drum andsoak 
jbr 4 hours minimum 

Posts should be immersed in solutionto a level at least 15cm above 
anticipatedgroundline. 

TreatingPosts withInsecticidebefore Use 

Any sort of thorny or sharp branch is useful and can be woven into fencewires. For example, althougli stems from palm trees cannot be used for fenceposts, they make ideal staywires or picce s, becausedurable, and some of them have sharp barbs. 
they are strong and 
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Posts: Borassus aethiopum or 
Doumpalm, Comiphora spp. 

(treated)
 
Railing: Branches, sticks, Doum
 
"lath"
 
Filler: Thorn limbs, millet
 
stalks (temporary), 
palm-leafstems 

More information on wire fencin is given in Chapter 9 Special Subjects. An 
a!temative approach to building a ence though is to plant a live fence. 

Live Fencing 

Live fences are thickets or hedges that are planted to protect small areas likegardens or orchards. These fences are established entirely by growth of cetainspecies rather than by coustructions of wood and wire. The establishment oflive fences is one of the agroforestry techniques discussed in greater detail inChapter 8. Live fencing possibilities are interesting to foresters andconservationists, but there are practical problems that have not yet been solved. 
In spite of extensive efforts to raise and transplant live fencing in a shortperiod, no practical and rapid methods have been found. The fences, ofcourse, are necessary from the beginning of the reforestation project, and onecannot wait ten years for them to grow. One practical solution may be toconstruct temporary fencing in front of the live fence while the latter is grownto an effective size. Then when the live fence is large enough, the othermaterials (posts, wires, etc.) can be moved to another site -ild reused. 

Combined Protection 

In most areas it is a rood idea to use a combination of fencing and surveillance.Often fencing matenals themselves are attractive for a number of other uses andmay 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 andability of community residents to contribute to the protection of the trees, cost per tree, and effectiveness of the methods. 

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

Personnel Management 
Dependable, well-trained work crews are essential to the success of a forestryproject. Crew members should understand conservation and reforestationconcepts, and should be trained to work independantly to be most effective.Start training relatively early with small groups so that activities can bethoroughly explained and shown in detail. People who have more experience,and who are willing and able to accept responsibility, are natural candidates forleadership positions. As these people are identified, the can be given extratraining andprepared to become supervisors or crew chief. 

Having good crew chiefs means that during times of maximum effort, theroutine work will be carried out competently and automatically. Projectmanagers will have more time for dealing with urgent, special problems as theyarise. 
Project managers should teach by demonstration, as well as throughdiscussion. During this teaching process, there will be an opportunity to watchdifferent people and see how t ey master techniques. The'mana er will get agood idea of those who are the most capable. Activities and jobs may have tobe explained more than once, but explanations must be done positively in orderto provide encouragement and to build enthusiasm and support for the project.

High quality work and proper tool use and maintenance are far more importantto the effort than is speed. The most effective means of teaching this is toprovide the crew with a good model. If the project manager makes a point ofmaintainingthe equipment by cleaning it and putting it away properly, the
lesson will 
 effectively taught. Everything a pro ect manager does, whetherthe crew members are watching or not, should be consistent with thetechniques and values encouraged in :he other personnel.
Project managers who are on time, plan well, and do what they say they aregoing to do will have more support and better projects. People enjoy workingwith someone who is in control of a situation and knows what to do. Theability to self-analyze and the willingness to accept suggestions from crewmembers 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, sowhen the actual work arrives, each knows what to do without being told. 
that 

c. Thew chiefs will work without bein supervised all the time. Staff briefingSessions paovide both information and encouragement, and can help to preventproblems and misunderstandings from arising. 
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Project Record Keeping 
Record keeping procedures should be set up during the project planning phase.In addition to helping the project managers keep the project on track, accuratedetailed nursery records make the project a valuable resource to others-whether the result was a success or failure. Some project managers find thatkeeping a diary is a good way to record important facts. Information thatrelates to the amount of labor and time spent on nursery activities goes into thediary. lhe project manager records what is done, by whom, and how manyhours were spent by each person on which activity. This information can thenbe used to ) fill out time sheets for payroll records: 2) calculate how rricivwork-hows it took to build 100n of fence or to stack ,00O0 pots; and 3)makecost 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?Ilow many were planted in each bed or pot? I-low many of the seedsgeminateland how long after they were pjanted? How much water did theseedlings receive'? Were they treated with inseclicides or any other chemicals?Appendix B is a start at gathering in one place relevant nursery and plantingdata for certain African species. This kind of information greatly facilitates
planning of future projects. 
Every funder or sponso.-ing agency wants to know how its projects are doing.Field personnel should be prepared to keep the following records, in additionto the diarv mentioned above: 

A Monthly Report should include: 

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

o 	 A basic plan of activities for the coming month; 

o 	 A brief explanation whenever actual activities differ from those that hadbeen planned for the month. 
Such comparisons and explanations enable both the projiect manager and thesponsoring agency to understand and support the project better, and thus leadto fewer problems arising from lack of communication. 
Special Project Reports, if necessary, sutch as separate reports of specialprojeci activities, can be prepared using material from the diary and monthly
report. 
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TechnicalNotes are notes made of conclusions and specific observations. Thiskind of information can be sent to the funding agency, evaluated, and, whereappropriate, incorporated into new projects and training programs. 



SOIL PROPERTIES 

Before selecting a project site, it is necessary to evaluate soil conditions asthoroughy as possible. The extent to which soil properties can be measuredwill depend on the availability of equipment in the field or access to laboi'atoryfacilities elsewhere. This chapter deals with on-site assessment of certain soilcharacteristics 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 ofavailable nutrients, are not as important to trees and shrubs as they are toagricultural crops. Tree roots, particularly in arid areas, go much deeper and can extend latera!ly farther than those of crop plants. Therefore they can reachnutrients and water that plants with smaller root systems cannot. How well thistakes place depends on physical soil properties rather than chemical ones.Without adequate soil moisture even an abundant supply of nutrients will beuseless to the plant, unless sufficient water is available to act as a carrier for 
them. 

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 (p1H) 
o soil depth 

Other factors can be important too, especially foi younger, smaller trees. Theorganic content of the soil layers in the area of the root zones influences thephysical properties of the soil as well as the pH and the availability of nutrients.Soils with a high organic content are better able to store rainwater that hasfiltered down to the areas where roots can absorb it. Another important factor issoil salinity, especially on very dry sites where runoff accumulates or
groundwater tables are high. 



32 

Soil Texture 
Certain soil types are best for trees and shrubs because of their texture. Inanalyzing soil texture, what counts is the relative proportion of the varioussizes of soil particles (the individual grains of soil). Apart from gravelpebbles, orsoil is made up of sand, silt, and/o clay particles.Soil particleclassifications are shown in the box. 

Soils with a high capacity for holding moisture that plants can absorb have asexture consisti aotablend of coarse and fine particles. Some tree and shrubspecies like Acaci'a raddaiana and A. senegal grow well in loose, light, sandysoils. Others, like Acacia nilotoca or Balduia r:ticulata, prefer heavy, clayeysoils that may become waterlogged during the rainy season 
Many species prefer a balanced soil texture. Based on current information,most species. can be roughly grouped into three broad categories: heavy,medium, or i ht soil requirements. More data on different species are nowbecoming avai able that can be added to the existing knowledge base (see VonMaydell 's Arbres etArbustes du Sahel). 
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Heavy, clay soil (above).
" water available 

" sowstutedroot growth 
Loose, sandy sci (right): 

o little wateravailable 
o rapidrootgrowth 
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Soil Particle Diameter Range (in millimeters) 

USDA Intemational 
System System 

Light Soils/ Very coarse sand 2.0-1.0 
Coarse Particles 

Coarse sand 1.0-0.5 2.0-0.2 

Medium Sand* 0.5-0.25 

Fine Sand* 0.25-0.1 0.2-0.02 

Very Fine sand 0.1-0.05 

Silt 0.05-0.002 0.02-0.002 
Heavy Soils/ 
Coarse Particles Clay Below 0.002 Below 0.002 

* articles 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. 

tia' t~L4 V-e c 

((12' 

The four principalstructuretypes are ilhustratedabove. 
Soilparticleaggregatesareshown greatly enlarged. 
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Water Holding Capacity 

the water will flter down through the open spaces around individual particles 

All soils can hold certain amounts of water. When a soil is saturated, some ofand will be lost to plant roots *This"d p d process cai take from severalhours to several days. At the point whenthe 7ownward movement of the waterstops, the soil is at"field capacity." Some moisture stays behind after theexcess water has moved through te soil. It is held in place by ca illary forcesPlant roots have the ability to absorb this moisture and utilize it for growth andtranspiration. The remainin- moisture in the soil is held so tigly by individualsoil particles that roots cannot absorb it. This is hygroscopic water, which isunusable by plants. 
For a plant to grow, the soil moisture must be between field capacity and thewilting point (a low ni.;ture level beyond which a plant cannot recover ifadditional moisture is not supplied). These two levels, field capacity and thewilting poit, will vary from one soil to another. 

The main factors that determine this range are:
 
o 
 Soil Texture: generally, the coarser he overall soil texture, the less water itwill hold. Inversely, the finer the texture the more water it can retain;however, there will be a higher percentage of hygroscopic moisture. 
o Organic Matter: organic content is very important, because decomposedorganic matter (humus) acts like a sponge. it soaks up excess water andstores it so that roots can absorb it later on.
 
o 
 Other Factors- porosity and surface conditions can influence soil moisturelevels, but to a lesser degree. 
In-eneral terms, the heavier the soil, tie more moisture it can hold after it hasbeen soaked by infiltrating rainwater or excessive flooding. Sandy soils tend to
dry out fasler than soils consisting of finer particles. There are two soil types
that contlradict this general rule, and both have important implications for tree
growing and reforestation activities. 

root development and killing young trees uness they are especially adapted to
these conditions. In addition, the surface layers of clay soils, which
epical shrinkage cracks when dry, have a tendency to "saln shut" when wet.
 

Heavy clays (no sand and little silt) lx:come hard when dry, severely hindering 

show 
muppe soil layer expands when moist and keeps water from penetratingfurther down into the root zones of trees and shrubs. Even though the surfacesof these soils are waterlogged, the moisture is unable to descend to the lowerhorizons. Unless these soils are constantly loosened, this water is !ostsurface runoff or evaporatiov. Organic matter will greatly help to create space

tofor air and water in an otherwise compact soil medium. Termites canl alsoexcavate space in soils that are severely compacted. 
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Clay Cracking Patterav 

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

As every fanner or gardener knows, plant growth can be greatly enhanced byincreasing a soil's water holding capacity. While not much can be (lone tochange the texture of a soil, organic matter can be added to help a soil retainmoisture better. Apart from the additional nutrients it supplies, humus alsohelps keep soils crumbly and well aerated, This facilitates root development
and plant growth in general. 

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

o reducing wind velocities to slow down evaporation and transpiration; 

o reducing soil surface temperatures (using shade); 

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

o mulching to reduce surface drying; 

o practicing sub-soil plowing or "ripping" to break up compacted layers; 

o using green manure cover crops to provide additional organic matter and to 
protect the surface during dry seasons; 



36
 
o 
 addinh compost or animal manures, crop residues, or leaf litter from treesand shrubs; 
o practicing contour cultivation as well as other soil and water conservationtechniques.
 
In some areas 
these approachesproduction because of the expense 

are practical onl for cro or vegetablebor invol ed.applicable to reforestation involve breaking up 
[hose techniques that areil layers (yprepholes for planting seedlings), weeding anid loosci 'in the soi 

taringdeepnewly planted trees, and surfaces aroundthe addition of leatechniques, lte Soicsrvatonsuch as windbreaks and mulching, canl alsodepending on local conditions. be appropriate, 
Emphasis in dryland reforestation is placed on conservin,, and retaining surface
water that accumulates during the rains. Even in extremely arid areas rain oftenfalls with high intensities. A water surplus builds up temporarily in the soilsand on 
the surface that may be lost to runoff or evaporation. With
additional efforts much of this moisture could be stored and made available to 

sometrees and shrubs. Retaining and conserving water is one problem; getting it to 
and keeping it in the plants' root zone is another. In any case, a soil's water
holding capacity remains one of the key factors in successful reforestationefforts in arid zones. Those techniques that have been given good results arecovered in Chapter 8, Agroforestry and Soil Conservation. 

Soil Reaction (pH) 
Soil reaction is an important variable because it can limit or enhance survivaland rowth of trees and shrubs. The measurement of soil 1p-1 can also be a 
highly useful indicator of other soil characteristics that are more difficult to
 
determine in the field, such as organic content and soil salinity. Inexpensive
and reasonably accurate "p11 kits" are becoming increasingly available, making
p1hi tests feasibl on alImost any site. The information that can be derived from
these tests makes them well worth the effort and investment.
 
The symbol pl-I stands for "potential of hydrogen." It measures the hydrogenion concentration in a given soil sample, which indicates the intensity of soil
acidity or alkalinity. A neutral substance has a pH level of 7. Values below 7 
indicate acidity, and those above show alkalinity. The pH range of soilsgenerally varies between 3.5 and 9.5. 

magnesium 
A pI value of 7.5 or more indicates that seme free carbonates of calcium orare present. Soils over 8.5 nearly always contain exchangeablesodium. Low pI values in tropical climates,aluminum levels, which can 

on the other hand, indicate freehinder plant growth considerably. 
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For a given soil, p-I values can vary quite a bit, depending on the depth of thesoil profile from which samples are taken. Soils that show high acidity close tothe surface may be more alkaline at lower levels. The reverse can also be true,
particularly in (fry valleys subjected to an arid climate. 

Tree and shrub species vary in their requirements for best or at least tolerable
plH ranges. Casitari,:acqui.sctifolia,Acacia auriculifimis,Tamiarhx spp., and~ldat pais areatamong those species that tolerate highly alkaline soils . Pines and 
miountain bamboos (10 better where soil acidiay is relatively high and p1-I valuestherefore lowv (4.0-5.5). As a general guideline, trees and shrubs in arid zoneswill do well within pl-I ranges of 4.5 to 7.5. Proper choice of species isimportant, however, because some species are particularly sensitive to p1-I

requirements. 

Much time and effort has been lost when plI 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
Leucaenailcucocephela in the Sahel. Poor survival rates and weak performanceof most varieties of this species have been due to the fact that p1-I values of thesoils were much lower (6 or below) than the ranges required (6.5 or higher).There are a few varieties of L'ucaena that are better adapted to more acid soils,but most require a relatively alkaline soil reaction, such E's limestone soils. 

Anytime the p1 I is suwpected of being as high as 7.7, caution, is indicated, notonly in choosing the appropriate species, but also for planting techniques andmicro-site improvements. Furtherrnore, cultivation around young trees will benecessary to reduce alkalinity on the surface. At the other end of the scale,acidity levels of pl-I 5.3 and lower also require special planting techniques andsoil restoration efforts. The addition of organic matter to the soil will affect p-I
levels, at least temporarily. 

Soil Depth 

Many of the soils in arid Africa are far shallower than one might expect. Onereason is that in many instances the upper soil layers have been washed orblown away by erosion. Sometimes rock layers are covered with only a thinlayer of soil, and lateritic rock outcroppings are common throughout theseregions. The soils of the plateaus that exist in many areas of Africa are seldomreally deep. In much of the African continent soils can be broadly categorizedas 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 aretoo shallow to support the chosen species adequately. Reforestation should notbe undertaken without first determining how deep the soil layers are. Tree roots can sometimes burrow into underlying rock and through cracks and fissures,but often they will become stunted and deformed, inhibiting growth and
leading to early mortality. 
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A general impression of soil depth can be gathered by looking at profiles alon
road cuts and at other construction sites. Fand dusource of information about sub-surface conditions. 

wells provide a goods a le of thumb, treeswill 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 thosemore complicated 
species are used that do not need deeper soils. Species selecsion becomes evenunder these conditionsalways As a first indicator one shouldIooe at what is currently growing at the site, or what, according to thelocal People, grew there in the past.

Of all the recommendations that can be made on this subject, the single most
preliminary information about soil conditions. A pit does not have to be deeper 

Important one is to dig before you plant. A soil pit can provide considerablethan about six feet. 
pans 

It will become readily apparent if hard crust 'ayers orare present. If no obstacles are met, most trees will have adecuate room in w.hich to develop their roots, although it is known that some indigeneousspecies send their roots to much greater depths. A three-yearold Acacia albidatiat was carefully excavated had a fine tap root that reached 30 feet into thle
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 aboutother soil characteristics. The color of asometimes abz-uply, from darker tones to liter ones below. Soil texture and 

soil profile normally changes,pH can also change with depth. Where winddeposits occur, upper layers mayvary considerably from lower ones. 'h-eborne sedimenti have same thing can happen where waterbeen deposited.productive than those closer to the surface where organic content is usually 

As a rule, lower layers are lessFgher. This is an important limitation when 'deep planting" is beingconsidered. 
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In summary, soil depth greatly influences tree and shrub growth, more so than
in smaller plants. On soils less than three feet deep, only specially selected
species will do reasonably well, particularly if impervious layers prevent the
free movement of water. 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 affecting loss of topsoil in arid and semi
arid regions. Erosion by water is caused by surface ninoff. Soil particles are
loosened by the impact of the runoff, then carried do.wn slope by the water. A
similar process of detachment Pnd transportation occurs in wind erosion.
Several revegetation methods for use in erosion control are described in
Chapter 8, Agroforestry and Soil Conservation. 

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

Fine, light dy sand, with no organic matter, being blown by the wind. 
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The rate Of soil erosion is influenced by topography climate, land use-
particularly cultivation methods--and vegetation cover. The degree to which aparticular soil type may be susceptible to erosion is also a function of varioussoil properties: 
o Texture: soils with a high percentage of silt and very fine sand particles

(0.002-0.lmm) are more easily transoeby wind and water than coarser 
mat a or finer particles , ;-,s -p.eunrt .maep o - a er m n co r e

Organic 
,,which tenT to cling together more.content: all other things being equal,content, the less erodible the soil. 

the higher the organic 
o Soil structuie: the articles in more stable soil structures are less likely tobe dislodged from te aggregate. 
o Permeability: the ability of water to infiltrate through the soil can affecterodibility by decreasing surface runoff. 

Soil Classification 
Soils are classified in the United States according to a number of physical and
courttries other sotl taxonomies m-chemical soil pronerties, including those di,-.-,scussed above. In somedifferent names under these 

Africa
a- s Y r d 

hasostire,doi nes erl txonoies ,propriee yoe used, however, and soils r ,ay be givenosuch as moisture systems. S oil type is determined bycolor, texture, structure, organic content, -, 
presence of salts and other minerals, soil depth, and parent material. Many 
standard soil survey texts describe distinctions between the classes i
greater detail. An introductory overview is given here that explains terms that 

Muchmany forestry and conservation texts and project reports use.
Soil classification uses a special terminology to designate different soiltexitral

classes, which are determined by the relative presence or absence of different

particle size fractions. 
 Soil, rarely consist of only one fraction (dune sand is
 
the major exception, but it frequently containsusually consist of a mixture of sand, silt, and clay.

some finer particles). They 

1aicles are: sand, loamy sand, sandy loam, loam, silt 

The basic soil textural classes, in order of increasing proportions of finefoamcla o~~~lglls~~~nloam, silty clay loam, sandy clay, oam, silt, sandy clayold snish word sometimes applied t 
.ltsidsmtmsan~id,-sl la , claclay, and clay. "LoamYis anclassification terms crumb'y soils rich in humus. in soilhowever, it is used to describe a soil that has about equalparts of sand, silt, and clay. 
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The following basic diagram gives the relative position of various soil classes 
to each other: 
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The particle distribution of a given soil can be measured using sieves toseparate the grains into different size classes. Gradation of particle sizes can bedetermined this way only for fractions larger than about 0.05rm. To measuresmaller particle sizes (silt and clay), other methods can be used that involveseparation in water. These require laboratory equipment not normally available
at project sites. 

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

o 	 Sand: loose individual 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 handling. 

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 
ealsily. When pulverized it feels soft and floury like dry cement, It cannot
be squeezed between thumb and finger to make "worns". 

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

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

Common Soil Problems 

Two common and troublesome soil characteristics, salinity and laterite, create
particularly difficlt conditions for reforestation. They are also problems that 
are frequently overlooked duri!Jg site assessment because they are not always
easy to recognize or diagnose in the field. If problems with salinity or laterite 
are suspected, additiond soil sampling and laboratory analysis may be called
for. [or more information on these subjects, refer to the bibliography in 
Appendix D. 

Soil Salinity 

The soil properties that influence salinity are related to soil chemistry and
mineralogy, soil-water movement, and soil pli. Saline soils occur frequently in
arid zones,. especially in depressions and basins where evaporation o
evapotranspiration is high. 'li'he nomil downward nievelent of water tends to
wash or leach the Lipper soil layers, flushing sah:s out of the soil. In areas
where evaporation is much hi gher than rainfaf, moisture in the upper soil
layers is transported upwards. 1'he result of moistuie rising to the surface is the 
appearance ofsodium salt crystals, which can cover an entire valley bottom. 
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These "white alkali" soils are often, but not necessarily, found where intensiveirrigation has been practiced. 
"Black alkali" soils are formed when rains dissolve sodium and potassiumcarbonates, dispersing the organic matter that colors the soil brown or black.Sodium carbonate can also break down the structure of inorganic clay particles,forming a gel that becomes impervious and hard when dry. This imperviouslayer reduces infiltration of water through the soil, so that leaching cannot takeplace. Calcium should be added to the soil to counteract the effect of thesodium. rc h feto h 
High concentrations of salts in the soil are toxic to most plants. ,few speciesare tolerant of soil salinity to some extent. The concentration of salt in soil orwater may be expressed or measured generally in one of three ways: 

o milliequivalent per liter (me/I)
o 
 parts per million (PPM)o electrical conductivity (ECw) in millinihos per cm (mmho/cm)
A direct relationship between these values exists. Of the three measures, onlconductivity can be readily measured in the field. It is the inverse (reciproca)of electrical resi:;tivity. 
A second phenomenon greatly affects site conditions where salt problemsoccur. Even in soils where salt levels are relatively low (below 4 mmho/cm),strong concentrations of sodium salts can be a significant obstacle toreforestation efforts. This soil property is expressed inExchangeable terms of the soil'sSodium Percentage (ESP). If the ESP value is abovereforestation efforts are likely to fail unless precautions are taken. Salt tolerant 

15,
species must be selected and other site conditions must be favorable. Often onsites with high ESPs, pH values will also be high (around 8.5). This should berecognized 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 otherprojects on soils and soil resources of the region or country may provide some
information. Local farmers should also be questioned about the productivity of
local soils and site indicator plants.
Site Analysis 

The obvious problem is to know what to ask and what to look for to avoidunsu.table site,,. In terms of salinity problems,secific tir general, the following aresituations that indicate potential trouble. Such sites require
orough analysis, and more
itmay be necessary to request assistance from aqualified soil scientist. 
o White alkali saline soils typically have high conductivity (over 4 mmho/cm), an ESP below 15, and a pof 8.5 or above. Heavy leaching throughover-irrigation can make them more productive. 
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o 	 Saline-alkali soils (over 4 mmho/cm, ESP above 15, and p1-I around 8.5)can also be made more productive through leaching. Nevertheless, thecalcium concentration of the soil must be increased to prevent dispersion ofsoil particles and reduction of permeability so that leaching can take place.Obtain additional advice before planting on these sites. 
o Alkali "sodicsoils and "black alkali" soils show relatively low conductivity

(below 4 inniho/cm), but ESP is over 15, and PH Values are in thle range of8.5 	to 10. Again calcium must be added for leaching to take place. Obtainadditional adlvice before planting on these sites. 
o 	 For sites with ECw values of 6 mnho/cm, species must be selected withcaution. At high levels of conductivity, fruit tree species such as citrus,plum, prune, and avocado are at their productive limits, even tinder

otherwise favorable conditions. 

Salinity Problems in the NurseryThe conductivity of water on irrigated sites should not be higher than4mmho/cm,especially ifspecies such as Azadirachta indicaare to be planted.For all but the most salt tolerant species, problems with irrigation water willbegin inthe range of 2 mmho/cm. At higher ECw values, a sandy mix in 
weedling containers and delibente overwatering will still give reasonable resultsin tile nursery, although at ahigher cost. h1e gennination medium must be welldrained and regularly leached. In village nurseries in Senegal, well water with a conductivity of about 3 mmho/cm proved to be too saline for reliable
seedling production, in spite of cautionary measures that were taken. 

Laterite Soils 

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

Ilie term laterite can be confusing because itisused for both: 

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

o 	 geologic rock formations that developed millions of years ago; forexample, aluminum oxide, which is mined as bauxite. 
Laterite and soils in the process of laterization can be described as zones rich insesquioxides (A1203 and Fe03) that, when cut into bricks, become hard as theydry. This naturally occurring process of secondary cementation is used inmaking adobe blocks for construction materials. 
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Soils with these kinds of properties pose special challenges as a medium inwhich to grow trees and shrubs. Lateritic soils are deficient in basic plantnutrients, because typically most of the soluble iron, magnesium, souium,potash, phosphorus, and nitrogen have been leached out of the surfacehorizons. In addition, these soils become extremely hard and impenetrable toplant roots during the dry part of the year. When rains fall, most f the watereither runs off or evaporates at the surface. What moisture does infiltrate willcontribute to further leaching of plant nutrients.
 
Certain vegetation types 
are productive on lateritic soils indrawbacks. These spite of thesewoodland and pasture resource., can be utilized anddeveloped as long as harvesting and access to grazing are limited to sustainablelevels. Once trees or shrubs are removed however, these soils will rapidlylose their ability to support plant life. The soil building and restoration processhas to be tediously re-established, with substantially decreased productivity.
Physical site improvement is necessary for degraded lateritic soils, even to theextent of micro-site improvemiients for individual trees. Surfaice treatment isrequired to increase infiltration and water retention where runoff occurs evens op es are minimal. Deep pits or trenches ca: if
layers so be (lug to loosen up the soilthat water can penetrate and roots havesurfaces must be kept loose around young trees and as much orgalic matter aspossible must be providedi in the form of leaf litter and other plant residues.Vith careful ground preparation and maintenance, revegetation is possible onsuch sites. 

room to develop. Soil 

In many areas throughout arid Africa, the sites that have been designated ascommunal lands for grazing and wood-cutting are typically those on whichlateritic soils are encountered. These over-exploiled, fragile sites formre.s of".useless brush," w largelichnevertheless Still Constitute the major source of
fuelwood for many rural communities. Many foresters in arid Africa have
traditionally foregone natural forest management in favor of plantations and
woodlots. 
 Recent attention, however,silvicultural alternatives has focused on the potential forto the use of fast-growing, exotic species.Matiaoeent of thle existing vegetation of communal woodlands may be tilebest a&eMative onl lateritic soils. t 
Experience has shown tlat many of the exotic species introduced for fuclwoodproduction are 
 totally out of their clement under these harsh, demanding
conditions. Naturally occurring species, on the other hand, have a remarkablepotential for natural regeneration, provided that basic conservation techniquesare adhered to. Some indigenous species have also shown much faster growththan traditional forestry lore would predict.

Of particular interest along these lines is the recent experience in the Sae!inthe restoration and management of the shrub savanna, where bed! SEfs otCornbretaceaeand Acacia make up the dominant vegetation. In the andiaForest in Senegal, management of existing stands of Acacia syal may have 
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more potential for biomass production on lateritic sites than fuelwoodplantations using Eucalyptus canaldulensis.In the Guesselbodi Forest iniger, research into the management of natural stands of Combretum
nigrcans,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 ofview, but is also more cost effective than artificial reforestation projects.
Silvicultural techniques that can be used in natural forest regeneration includepromotion of stump and shoot sprouting, enrichment plantings, and soil
preparation to increase natural seeding and germination. 



§ SITE/SPECIES SELECTION 

Site Selection 
For the type of reforestation effort with which this manual is mainlyconcerned, it is usually necessary for the planner to think in terms of at leasttwo locations: a site for the nursery (the place where young trees will be seededand grown until they are large enough to have a good chance for continuedgrowth in another place), and the location where the trees will finally beplanted. This planting site may be known fiom the beginning, because, as asite in need of reforestation, it may have been the key element in determiningthe scope of the project. Planting sites may, however, be chosen at a later stagein the planning, after an analysis of lai.d use and resource needs has becn
completed. 

Nursery Site 

The nature and scope of the project determines the type and size nursery that isnecessary. State operated nurseries are usually permanent and are established at a centralized location within the region they serve. These nurseries producetrees on an ongoing basis for a variety of needs, such as forest plantings,shade trees, woodlots, or soil conservation projects. Such centralized nurseries 
are frequently maintained by government funds. 

Temporary nurseries are used when seedlings are needed only for a project thatwill be completed within a relatively short time. These aurseries are set up nearthe planting site to minimize transportation costs. They may be maintained for
several years or for only one planting season. 
Small permanent nurseries that are locally owned and managed may befeasible. These nurseries can be operated by individuals, families,
cooperatives, youth or women's groups, or as a community effort. They maybe located wihin family compounds, in community garden areas, or whevever an adequate water sourr e is available. The seedlings can be use] foragroforestry efforts on private land holdings and for village reforestationprojects, 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) aroad that is passable for heavy trucks during the rains, and 3) the nurserysupervisor's or workers' living quarters. 
If plastic pots or other containers (plant leaves, cardboard boxes, clay jars) areused, finding a good site is not difficult. Pots can be filled with soil brought infrom elsewhere, and they can be stacked and tended in areas where nothingelse will grow. If seeds are to be planted directly into the ground at the nurserysite, that is, if the stock is to be open-rooted, the nursery soil must be rich,deep, and well drained. The best soil has a loamy texture and a loose crumblystructure. 

A slig.ht slope will help surface water drain away, and prottctimn fromprevailing winds is also desirable. Often a large shade tree in one comer of thenursery is useful to protect very young seedlings from extreme sunlight. It is agood idea as well to find out whether the land next to the nursery site would besuiable and available if the nursery had to expand. 
The main factors to be considered when deciding upon a nursery site are: 

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

Planting Site 
The choice of a planting site is a complex decision. In selecting a site, it isessential that issues of ownership, tenure, risks and benefits be discussed inadvance so that the expectations of ,'ovemment officials and local projectparticipants are mutually understood. Officials and community members mustmeet to consider the following points waien choosing a site: 
o Who owns the land? Who has the water rights, if anyone? Who will ownthe trees once they are planted? Who uses the land currently or has used itin the past? What are their claims to it now?
 
o 
 Who will be responsible for planting and maintaining the trees? Who willbe allowed to harvest various products? If products are to be marketed,who will sell them and who will receive the proceeds from the sale? 
o Will permits or taxes be required by government agencies? Are there anyresource use or management regulations that must b followed on this site? 
o Flow will .razing and other land uses be controlled on the site? Who willbe responsible for enforcing the controls? 
If protection of the land is the main goal, sites are selected to give the bestpossible conservation results. If production is the primary objective, issues 
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such as transportation and marketing become important. The site in turndetermines which species and planting methods will be most successful.Forestry and conservation efforts are often 'indertaken to protect productivefarmland against the adverse effects of flood and erosion damage. Frequently itis the area above the fields that r-equires treatment. In any drainage basin it isimportant to protect the upper portions of the slopes and hills. 
Once a site has been decided upon, an agreement should be drawn up betweenthe various parties involved. This shoul outline project goals, responsibilities,and a management plan for he site. The agreement is necessary to protect theparticipants, to ensure that everyone's expectations have been met, and to 
prevent future misunderstandings. 

Species Selection 

Foresters who are managing projects must analyze both tree species and sitesbefore matching particulr species to given sites. To do this successfully it isnecessary to consider 1)environmental constraints, 2) purposes of the project,3) human factors, and 4) legal constraints. For an additional discussion ofspecies selection for agroforestry projects, see Chapter 8, Agroforestry and
Soil Conservation. 

Environmental Constraints 

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

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

Climate
In dry areas of Africa, the single most limiting climatic factor is rainfall. Beforethe project can be started, managers must find answers to a number ofquestions. How much rain falls during the rainy season (the period whenyoung trees are planted)? How is the rainfall distributed during the rainseason? If the timing of the rains is wrong--for example, if the total rainfaloccurs within two ays instead of over several weeks--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 tosoak into the soil than heavy, torrential rains. 
o What is the temperature? If temperatures are very high, the moistureevaporates much more qLickly. 

o When do the rainy seasons occur? 
As noted earlier, some areas have two rainy seasons; others have only one, inthe hot summer months. Still others have one rainy season in the cooler wintermonths. A tree species that grows well in a region where the rain falls duringthe winter usually does not adapt well to an area where it rains during thewarmer weather--even though the amount of the rainfall is the same. 
The single most useful rainfall measurement is the mean annual precipitation,measured in millimeters (mm) per year. In the tropics, however, annual rainfalltends to vary greatly, so it is necessary to consider the variationi from year toyear 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 inany area in which forestry projects are being implemented. If two species lookgood, but one requires less water and the project area is one where the supplyof water is uncertain, choose the one requiring less water. The list on thefollowing page was prepared for three rain all zones in Africa. 

Drought
No one can accurately predict when a drought will occur, but foresters shouldmake use of previous records in drou ht prone areas to determine thesuitability of a species for a given site. Unfortunately, the drier the area, theless reliable the average rainfall figures usually are, and the greater the range of
averaes will be. Furthermore, there are many areas
records where accurate rainfalldo not exist, and it is necessary for project managers to use verygeneral information such as that presented on the maps in Appendix C, andupon the basis of information from local residents. 
Project results also indicate that in a dry climate, local species will grow moreslowly, but may survive better than exotics--species brought in from otherareas or countries. Obviously, under arid conditons, plant growth is not asvigorous as it is if more moisture is available. Since native plant species in aridzones have adapted to withstand prolonged drought, it is natural that they havedifferent, often slower, growth characteristics than plants that evolved in morehumid climates. 
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Common African and Introduced Tree Species
by Water Requirement 

Dry Sites--200 to 500mm Mean Annuad Precipitation 

Acacia albida Conocarpuslancifolius 
Acacia radiana Dobera glabra
Acacia senegal Euphorbia balsamifera
Annona senegalensis Maerva crassifolia
Balanitesaegyptiaca Parkinsoniaaculeata
Boscia salicifolia Prosopisjulifora
Commiphoraafricana Ziziphus spp. 

Medium Sites--500 to 900mm 

Adanvonia digitata Ficussycomorus
Anacardiurnoccidentale Haxoxylon persicum
Azadirachtaindica Parkiabiglobosa
Bauhiniaspp. Salvadorapersica
Cassiasiamea Sclerocaryabirrea
Combretunspp. Tanarixarticulata
Eucalyptus -amaldulensis Terininaliaspp. 

Moist Sites--900 to 1200mm 

Albizia lebbeck Cordiaabyssinica
Anoegeis.;us leiocarpus Dalbergianielanoxylon
Borassusaethiopun Erythrirna abyssinica
Butyrosperntun parkii Markhamia spp.
Casuarinaequisetifolia Tamarindmu indica 

On the other hand, species introdiiced fi-m more favorable climatic zones mayunder o severe stress when tiings g..:.cry. They are often less able to survive
than mose species that occur naturally on dry sites. Even if these exotics areable to survive drought conditions, they may not grow normally or rapidly. Infact, their growth may be slower than the indigenous vegetation. This isthemain prob em in trying to introduce species from other areas into marginal
sites. 

In parts of Africa where the mean annual rainfall is less than 1,000mm,therefore, it is recommended that rapidly growing species such as Eucalyptuscarnaldulensisor Leucacna leucocephala, which originall' came from othercontinents, be compared with other possibly more suitable species. If thesespecies are used in low rainfall regions, they should be planted where thewater 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 alsoshould have a fair amount of organic matter that is renewed annually. Soil surfaces should be protected from strong, constant winds and they should not be 
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compacted. Preferably they should also be free draining, although this benefitssome species more than others. Soil characteristics and their influence onspecies selection were discussed in the preceding chapter. Among the specificpoints to be considered are: What kind of texture does the soil have? Does itretain water well? How deep is the soil? Are there any potential problems withpH or salinity? 
The presence of indicator lants on a site can 	 rovide clues as to the soil typethat one can expect to find. Calatropisprocera or example, is often found onde~ raded soils where the nutrient pool has been depi'eted through intensecultivation. Close observation of the treelandscapes will 	lead to a first feel for the type of soils that different species 

and shrub cover in specific
prefer. It is 	 evident that Mitranginainermis, Anogeisss leocarpus,Iorassus aethiopunm prefer low lying areas where soils contain 

or 
a relativelylarge proportion of fine particles. What is already growing on the site can bethe best clue as to which species will be compatible. On deforested sites, themost ecologically sound solution may be to restock the area with the originalnatural vegetation. 

Other Environmental FactorsIn addition to climate, soil, and water there are other factors in the environmentthat affect the choice of species: 
o 	 Elevation - some species will thrive only above or below a certain altitude. 
o Slope - some species 	are especially useful for erosion control on steepslopes and unstable soils because they have lateral root systems (4cacias,Balanitesaegvptiaca,Anacardinoccidentale). 
o 	 Topography - rough, broken terrain may have a great deal of variation inmicro-site conditions. Species that can tolerate 	a wide range of siteconditions are needed. 
o Fire history 	of the area - are there frequent or few fires? Some trees aremore fire-resistent than others. 
o Pests - some trees are more affected by certain pests than others. A plantingsite that has several kinds of trees is less likely to be destroyed by insects ordisease, because a pest that attacks one species of tree may not be attractedto another species. 
o Animals - do the livestock in the area prefer the leaves and bark of certaintrees more than those of the other species being considered? 

Project Purpose 
While considerin, the species in terms of environmental constraints, it isnecessary to keep in mind the purpose or objective of the project. What is theobjective of the reforestation (or revegetaton) effort? Is the project aim to 
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conserve resources, as in a sand stabilization program for an eroded area? Ordoes it seek to increase production of certain forest products, such as fuelwooc 
or poles for construction? 

Certain species can be used for one purpose and not the other, but somespecies can be used to fill a number of requirements. To meet severalobjectives, a plantation may also include more than one species. An example of a multiple-use species. Anacardium occidentale, is very valuable for soilreclamation and protection. It also produces fruits and nuts (cashews) that canbe used for localconsumption or as a cash crop. In addition, it can providefuelwood, tanins, dyes, and medicines from different parts of tihe plant. Thetree can tolerate a wide range of soil type, elevation, and rainfall variations. 

Eucalvptuscamaldulensis is a more limited species. Introduced to Africa foruse in woodlots and large-scale plantations, It grows rapidly if conditions arefavorable. It can produce large quantities of wood for fuel and construction in ashort period of time. It is not particularly useful for soil censervation,however, because it produces little leaf litter, and there is evidence that itactually inhibits the establishment of other vegetation. The soil beneath a standof E. canaldulcnsis is sometimes bare and thus is more susceptible to surfacenioff and soil erosion. It also is not suited for use in intercropping orwindbreaks and is fairly demanding in terms of site conditions. 

In selecting species, therefore, it is important to weigh the production/conserva!ion trade-offs, and determine priorities based on the project'spurpose. ProjeCt goals shouid be formulated with consideration for ocal
expectations and preferences. 

Human Factors 

The key is to discover what the residents of an area would like the project todo, and what is attractive to them. For example, ifAcacia albida is highly
thought of locally and can be grown on the site (i.e., it meets the environmental

constraints), and it serves the project's purposes well, then it is a good choiceof species: everyone takes better care of something that is highly valued. It isalso important to investigate local preferences or prejudices towards certainspecies. The two species mentioned above, A. occidentale and E. cam
aldulensis,serve as examples to illustrate this point as well. 
In parts of Senegal, the cashew tree is regarded with superstition because it isbelieved to attract ghosts (1-loskins, 1979). In other countries the cashew a pleis thought to be poisonous if eaten with dairy products. In some areas wherethe trees have been planted, the cashews are not even harvested, because an oilin the nutshell causes skin irritations. In these cases the many beneficialcharacteristics of the tree may be outweighed by the negative perceptions of it. 

The other example, Eucalyptus, has been widely promoted as a fuelwoodspecies. But it tends to be smoky and it has a characteristic "cough drop" odorimparted by resins in the wood that are released when burned. In some areas 
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people have developed a taste for Eucalypt.sand prefer it to other woods; butin other areas eople object to the flavor the smoke gives to food--as well as tothe smoke itself. 

Legal Constraints 
As mentioned earlier, many countries protect and regulate the use of naturalresources and of certain tr es,specific tree special 	 Insom cases, traditional laws ive astatus. In West Africa, for exanple, Acacia a/hi a wasprotected by local customs even before the national government protected it forecological reasons. 

It is impossible to give universally applicable information in this manualsuch restrictions. Such information 	 onis readily available on a local basisenforced. Appendix B, which provides details for some of the 

however, and foresters familiar with an area will know the restrictions that are 
common treesof arid lands in Africa. does.iote when a species has certain legal status.

A number of tree species of sub-Saharati Africa have been regulated by law(see box). This list can be referred to in considering the ial choice ofa conservation project than species with 

species. Species that are already protected by law may be more appropriate forno such restrictions.onhand, a species that requires special permits for use the other 
production oriented project.	 

ray be less desirable for a 

Tree Species Regulated By Law in Africa 
Use, cutting, and removal limited by law in at least one country:

Acacia albida Hyphaene thebaicaAcaciascorpiodes
Acacia senegal Khaya senegalensis 
Adansoniadigitata Parinarimacrophylla 
Balanitesaegyptiaca Parkiabiglobosa(Benth.)

PlerocarpuserinaceusBombat costatwn SclerocaryabirreaBorassusaerhiopton TanarindttsindicaButyrcspernimparkii 
Classified as "Specially Useful" in at least one country: 

Acacia macrostachya LandolphiaheudelottiAcaciascorpioides
Adansoniadigutata 	 Lanneamicrocarpa


Prosopisafricana
Anogeissus leiocarpus PseudocedrelakotschyiBalanitesaegyphiaca Plerocarpuserinr-ceusBoswellia dalzielli PterocarptolucensCeibapentandra Saba senegalensisDalbergiamelanoxylon SterculiasetigeraDerariumsenegalense Teclea sudanicaElaeisguineensis Vitex cuneataGuierasenegalensis Ziziphav nauritiaca 



SNURSERY MANAGEMENT 

Nursery Design and Layout 
Sound nursery management begins with the design of the facility. Particularlyin larger nurseries, a well thought out design is eces.'ary to allow for rational
traffic patterns and adequate work space. 

A good way to begin planning the nursery des gn is to prepare a detailed sketchof its layout. Show the size and location of the beds and "ater storagefacilities. Plan for irrigation during dry seasons and drainage during the rains.Allow room for walkways, driveways, and turnaround space as needed. Leaveenough space for storage rooms and tool space. The storage area orconstruction shed should be large enough to provide shelter for the crew intimes of intense heat and driving rain. Space is needed for research plots,germinating beds, compost bins, and safety or fire prevention strips (especiallyalong the fences).The layout must also consider the special needs of open
rooted and potted seedlings. 

y~~IYL>our
 



58 

Open-Rooted or Potted Seedlings 
Some species cannot be moved easily or transplanted safely front a nursery to aplanting site unless they are grown and transported in pots; other speciescannot grow well in pots. While the open-rooted stock method is cheaper touse, some species require the use of pots. If, however, a species will groweither in pots or as open-rooted stock, each method has advantages anddisadvantages that should be considered. 

In Africr', most of ieAzadirachta indica (neem)trees are raised by the open-rooted method, and it isalso used for Cassiasiamea,Khaya senegalensis,Sclerocarya birrea, and some species of Prosopis. 

Open-rooted Stock
"llie advantages of open-rooted stock are: 

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

o 
 It takes less time to transplant open-rooted stock.
 
o 
 Less care of open-rooted seedlings is required in the nursery. 
o Seedlings are usually larger and so require less protection aftertransplanting. 

'llie disadvantages of this method are: 

o Open-rooted seedlings need more space.
 
o 
 They need more time in the nursery.
 

o 
 The nursery location must have good soil conditions.
 
o 
Roots are exposed to air when the plants are lifted out of the nursery soiland again when they are planted at the permanent site. This can damagethe plants. 
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Potted Stock
The most commonly used containers in Africa are usually refe,.ed to as plasiicpots, even though they are actually plastic bags. They are also sometimescalled sleeves or tubes. Other types of containers may be used, and if they aremade from locally available materials, they may be more affordable. 

'Theadvantages of using containers are: 

o 	Good soil is not required at the nursery site. 

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

o Ile time in the nursery is shorter, and although pots require expense atthe beginning, the shorter nursery time cuts down on other expenses. 
o 	The pots can be easily moved to the permanent site well beforeoutplanting starts, just as long as watering continues. 

o 	 Root growth is contained in a package that is easy to transport, andthere 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 scedlings. 

o 	 Soil diseases may not spread as rapidly to potted seedlings as in open
rooted beds. 

The disadvantages of using containers are: 

o The seedlings require root pruning while in nursery pots.
 

o 
 Pots cannot be piled up for transport.
 

o 
They are heavier and more difficult to transport.
 

o 
 Pots must usually be purchased, which may or may not be a problem(depending upon time saved in the nursery or on the expense of making
certain soils ready for open-rooted planting). 

o Seedlings are normally smaller at the time of transplanting and requireextra protection from grazing livestock until they are larger. 
If pots are needed, they should be ordered well ahead of time. Only one sizeplastic pot is necessary for most species, which makes ordering easier. Theplastic should not be too flimsy or the pots will collapse; a plastic that is 4 to 8mils thick should be strong enough. Usually the pot is a standard 8cm (3 in.) 

http:refe,.ed
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diameter by 30cm (9 in.) depth. Larger pots are needed for some species,particularly fruit trees, such as Mangiferaindica (mango) and Citrusspp.
Some experiments have been done with much smaller seedling containers(2.Scm diameter by 5 to 30cm depth) in the United States and the Caribbean.These are made of styrofoam, cardboard,transport than the or plastic, and are much easier toarger
for use on dry sites, mid 

ots. It is not clear, however, if they are appropriateiey are likely to be considerably more expensive thanthe widely used plastic sleeves. 

Planning Nursery Beds
 
The amount of land needed for beds (the land within the nursery where thl
seeds will be sown) will depend on whether the seedlings will be grown in
pots or will be open-rooted. If the open-rooted stock method is being used,
igure that each group of 1,000 trees needs about 10 square meters. The same
number of potte seedlings needs only about seven square meters.
20 percent to the figure calculated Add at least
for additional space for roads,. 

for the nursery beds. Te 20 percent will be
work areas, construction sheds, etc. Walkways
between the beds must be wide enough to permit foot and wheelbarrow traffic,
a minimum of 60cm (24 in.).
If at all possible, plan the beds so that their longer dimension is placed in aneast-west direction and their narrower side faces north-south. Orientin thebeds in this way gives trees on the inside the same exposure to the sun as thosein the outside rows. Beds should not be wider thanI m so that weeding in thecenter can be done easily. A bed that is Im wide and approximately 6to 7mlong can hold about 1,000 plastic pots in 12 rows of 83 pots. 
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For open-rooted stock, standard sized beds contain five rows of trees and are
approximately one meter wide. The length of the L-ds varies from 5 to 20 
meters, dependin partly on handling needs and the amount of labor and 
transportation availa le. Always allow room for extra beds. 

Beds are usually either sriken or raised, depending on species and site
conditions. Sunken beds retain moisture much in the same way that micro
catchments work, and thus are used where water availability is limited. Raised
beds are prepared for open-rooted stock using the double-digging method.
They provide seedlings with a well-drained and aerated rooting zone for 
optimal growth. 
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Other Nursery Design Considerations 
Access 
Long distances fbr hand carrying can be avoided by planning driveways in thelayou!. A small truck shouldbe able to drive into the center of any nurseholds 10,000 seedlings or more. thatIt is even more useful if the nursery as acentral access road that runs the full length of the nursery, with a turnaround ordrive-through facility at the far end. 

Research 
Small research plots can be placed in a comer of the nursery. The location ofthese beds should be planned so that they do not interfere with tie regularnursery efforts. Experimental plantations are also often located on a parceladjacent to the nursery, for easy observation and to serve as a demonstration ofnew techniques for visitors to the nursery.Shade 

Young trees usually need some shade during their first weeks, especially whenthey have just been transplanted from a germination box into pots, or duringthe worst weeks of hot, dry weater. Shade can be used as a technique to cutdown loss of plant moisture through transpiration if it is difficult to provideadequate water year round in tle nursery through irrigation.
Too much shade, however, will cause seedlings to be spindly and weak. Fheyshould be protected from the sun only when necessry. Sonic seedlings areraised in full sunlight from the ti-e they erminate. Usually shadingnecessary for a short time. Most species adapt aol
nselves early and qguite onellto full sunlight. 

ftweAT14 



65 

If a large shade tree is available in the nursery, seedlings in plastic pots can be
started underneath it and later moved into partial or full sunlight. If there are no
shade trees in the nursery or for open-rooted plants, another possiblility is to
rig straw or reed mats over some of the beds. The advantage of this method isthat the screens can be adjusted to regulate the amount of sunlight at different 
times of the day. 
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Gradually move the seedlings into the full sunlight: this will help prepare themto survive full exposure to the sun at the planting site. Seedlings should,however, be shaded when they have just been lifted out of the nursery, while 
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they are being transported, and during any delays prior to transplanting, torelieve 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 maybe there already. These trees are kept for shading young seedlings until theycan stand full sunlight. Aside from these shade trees, old trees and quantities ofyoung trees simply do not mix: the competition for light and water damagesyoung trees. If it seems wrong to cut trees down, it is sometimes possible tomove them elsewhere. All remaining roots, stumps, and other vegetationshould be removed from the area. 

Providing for Nutrients 
If open-rooted stock is being raised, ideally the soil should be fertilized to addnutrients. Open-rooted seedlngs draw large amounts of nutrients from the soiland special fertilizing efforts should be made, particularly when preparing thebeds for a new crop. Nitrogen, potassium and phosphorus are nutrients ofparticular importance. Plants can take up these nutrieAts from orRanic compost,animal maure, and green manures, which also can help build or keep goodsoil structure. Commercially produced fertilizers are often needed to supplysufficient phosphorus. In many areas, however, these chemical fertilizers arenot available, or are too expensive to purchase. 

Beds for Open-Rooted Seedlings 
Beds for open-rooted seedlings can be either raised or sunken. In either case
must be broken up 
 and loosened to allow drainage and rootdevelopment, and composted organic matter should be thoroughly mixed intothe soil. There should be no large clumps of soil or organic matter. Sunkenbeds are usually about 15cm deep, although the sides of the beds may be builtup above the surface. Their purpose is to retain additional moisture in areaswhere extreme aridity is a problem. In more humid zones sunken beds mayretain too much water, causing stagnation and fungus problems.

Raised beds are prepared using the double-digging method (see box)technique involves loosening the subsoil, turning the topsoil, and actdingcompost in a way that avoids compacting the soil and increases porosity for air 

This 

and water infiltration and root development. Raised beds can be framed withside supports, such as bricks or boards, to keep the edges from erodingthese materials are scarce or Oftentoo expensive, however, and the beds are simplymaintained regularly. 
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PreparingRaised Beds 

:,%. !........ '.......... .. .
..... ... 

S- . " . .. . . ... . .... ' ... " ' . . . 

• *..: ' .*'.:.. .. -

0,F A-.UPPR CF 
* r'.' 

* * ... .*.. ,, 

P.T. 



68 

Procedures for Potted Seedlings 

Potting MixtureThe potting mix should be loose and light to encouragebut not so much ood root development,
haveb e na h e so that the x root ball crumbles whenhaloe delt,eTym ,n ,
ave .- ...- •.a nd le d . G oo d re su ltsbeen achieved by mixing plain sand with sieved cattle manure at a ratio of1:1. It may also be desirable to include some clay in the mixture so that the rootball holds together well during transplanting. Old termite mounds are often agood source of clay. Other ingredients that may be included in th're charcoal dust, compost, insecticides or fungicides, and cheica. fertilizers.

Clay and organic matter should always be sievedclumps. Sand, on the other hand, normally does not 
to get rid of any large

contains a need sifting unless itlot of debris. A large screen can be constructed using a heavy wiremesh (1-cm openings) with a wooden frame for support. This is propped up atan angle, and the potting mixture is shoveled through it. Any clumps that aretoo big to pass through the screen can be dried and pounded to break them up. 

~Jr / 
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Manure should be sifted before it is used t,,make the potting mixture 

Heap the mixture in sizable piles in the nursey work area 
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Filling Pots
Once the ingredients have been thoroughly combined the pots are filled. It isimportant to teach nursery workers to fill the pots properly in order to ensure 
ef 11cienc as good quality seedlings. The following pages illustrateas well 
how to All and sink pots for the best results. 

Fill tlhe pots using a metal Scoop the mix into thefunnel. 
orplasticfinnel just large The soil is lightlypacked asenoughto fit the top of thepot is beingfilled by tappingthepot. thepot on the ground with 

thefunnelheld in place.
Fill the potsfidl. Watering
will caute the nixture to 
settle to about 1l2cm below 
the top of thepot. 
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Sinking Pots
As some workers fill the pots, others set them in neat lines and rows. Althoughlining the pots up perfectly is extra work, it greatly reduces the effort requiredduring the rest of the nursery operations. Seedlings planted in the outside rowof pots should be protected against sunburn and excessive heat. Slightlycountersinking or burying the rows of pots helps. Use the earth dug out fromthis operation to build a wedge against the outside pots to protect them. 
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It is very important that the beds be level and smooth. Stack the pots in straighteven rows so that they do not lean. Separating the pots into units of 100 or1,000 makes it easy to keep track of how many seedlings are in the nursery. 
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Determining Planting Dates 
Survival chances of the young trees depend directly upon their size when theyare transp!anted and upon planting them at exactly the right time of year.Therfore, the timing of the seeding operation must be carefully planned.Ideally, a tree should have as large a root system as possible beforetransplanting--this -ncreases its survival chances. But trees must also bereasonabl, light and small so that transportation and transplanting can be donemore easi y.-

Location, soil, the amount of sunlight and water, and other factors can affectthe time needed in nursery beds. These differences make exact schedulingdifficult, but much good information is often available from local experienceand carefully kept records of other projects. For some species, it is importantthat seedlings be past the early emergent stage to survive the extreme dry heatand winds occurring in sub-Saharan Africa during dry season months. Thiskind of information must be considered when deciding the seeding dates. 
The planting schedule is set up so that the trees will be strong and welldeveloed for transplanting to their permanent sites immediately after the firstrains. To time the planting correctly, foresters determine how long each speciesto be grown has to remain in the nursery. Then they calculate the dates forseeding by subtracting the estimated time in the nursery from the number ofwecksleft before the predicted start of the rains. Thus ifAcacia albidais to beseeded in plastic pots (see chart on following page) and if the rains are due tostart in 24 weeks, it can be figured that the pots must be seeded in nine or ten
weeks, thus: 

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

The following chart lists some species commonly found in Africa and classifiesthem according to the time needed in nursery beds with controlled irrigationand 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. 
Parkinsoniaaculeata Acaciaalbida 

Acaciaradiana 
Acacianilotica 
Acaciasenegal 
Anacardi n occidentaic 
Azadirachtaindica 

Eucalyptus spp. (1, 
Prosopisspp. 

Balanitesaegyptiaca 
Butyrospermumparkii 
Casuarinaequisetifolia 
Eucalyptus spp. (2) 
Parkia biglobosa 
Tamarindusindica 
Tamarix spp. (3) 
Ziziphus spp. 

OPEN-ROOTED STOCK 

30-35 Wks. 35-40 wks. 
Cassiasianea Azadirachta indica
Sclerocaryabirrea Gmelinaarborea 

(1) Transplanted into pots
(2) Seeded directly into pots
(3) Propagated from cuttings 

Seed Supply 
Sonic seeds may have to be ordered, and this should be done early. Sometimesseeds are purchased locally in the market, but it is difficult to guarantee goodgenetic quality. The buyer has no control over the parent tree selction. Often itis nu'essary to gather seeds from trees in the area, and prepare them for use.Seed tree selection and seed collection should be supervised by trained
personnel. 

Seed Collection 

The best seeds come from strong, healthy parent trees. Fully ripened fruits arepicked directly f,"'m the trees or collected at least daily as they fall. If fruits arebeing picked, lon- handled pruning shears can be used to reach higherbranches. Collection can be made more efficient by spreading large pieces ofcloth, mats, or tarpaulins under the -.ce, to catch the seeds as they fall.Whenever possible, seeds are collected as many soon as they are ripe, otherwiseof them may be eaten or damaged by birds, animals, or insects.Damaged seeds are less likely to germirate. Seeds should be fresh andreasonably dry, without being dried out. 
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The timing of the rainy season also has an effect on flowering and fruiting oftrees. If the seeds are to be collected local!y, information on when the seedswill be ripe is needed to plan seeding operations. The fruits of many species inAfrica mature during the dry season. If the timing of the fruiting season doesnot correspond with the planting schedule, seed must be collected in advance
and stored for use during the following year. The seed of such species asAzadirachta indicacannot be stored for more than a few weeks, so collectionand seeding in the nursery must be planned to take place as soon as possible
after the seeds become ripe. 

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

Seed Tree Selection 

Seed trees should not be selected at random or on the basis of proximity orconvenience to the seed collectors. The genetic quality of the parent tree is animportant consideration in seed collection because characteristics such as fastgrOWth, ree form, and resistance to diseases and insects can be Dassed on rom one ,generation to the next. It may be difficult to determine which parenttrees will produce superior offspring, however, because environmentalvariables can complicate the picture.A tree with high genetic potential, forinstance, may appear to have slow growth because it is growing on a poor site. 
In selecting a seed tree, the project's purpose will also determine thecharacteristics that are sought. Trees with straight, clear trunks are preferablefor production ci poles for construction, but bushy trees and shrubs thatcoppice easily are appropriate for firewood or live fencing. If foliage or foodproduction are the primary project coals, then the amount of leaf or fruitproduction a specimen is capable of is more important than its form. In soil
conservation projects, the longevity of a 
 potential seed tree should be
considered as well as rapid growth. 

These characteristics are usually difficult to measure when comparingindividual trees. Furth .rmore, the combination of traits that are sought canrarely all be found- in one specimen. Generally, several seed trees for eachspecies are selected. In sel,,cting seed trees, look for places where siteconditions do not limit the the trees' growth. Try to find a stand with severalindividuals of the same spe-ies growing together and choose the healthiest,most vigorous representative that typifies the characteristics that are beingselected. Seed trees should be marked so that they can be easily identified from 
year to year. 
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Extraction 
Seeds must be removed from the fruits and pods that contain them, and thereare various ways to do this. 

Fruitcontainingseed

Dry fruits can be pounded carefully in mortars 
or bowls or on clean, hardsurfaces to separate the fruit from theseed. Then the seeds are cleaned by handor b 
Ole 

winnowing them through the air (mortar and wind separation). Most ofcaciasand Cassiasimea seeds can be extracted by this method.
The fruit of pulpy species, like Balanitesaegyptiaca and Azadirachtaindica,must be soaked bef6re the pulp can be removed and the seeds extracted anddried. Some seeds, like Ziziphus spina-christi must be soaked to soften thepulp, and only th can the remaining hard shell be cracked with a hammer toremove the seeds. 

Others, like Parkisoniaaculeata, can be easily shelled by hand. 

ExtractedSeed 
Drying and Storing Seeds 
The two most important factors in good seed storae are keeping the seeds dryand keeping them cool. Wet seeds spiland rot in storage,dried in the air first. [hen they can so they must bebe stored in dry containers such as jars,boxes, or bags. Care must be taken to keep the containers off floors and away from walls. This practice helps keep insects and dampness away from the seedcontainers. 

Store the containers so that air can circulate around them. This helps keep theseeds drier and cooler. Extreme heat can destroy
germinate. the seed's ability to 
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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. isdestroyed at 
temperatures above 40 degrees Celsius. 

Seeds should be stored so that air n.circulate arowid them 

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

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

Species: 	 Name 

Collection: 	 Date
 
Location
 
Name of Collector
 

Storage: 	 Beginning date 
treatment 

Quantity: 	 Number of seeds in 
the container 

Seeding 

Prewatering and 	Weeding 

The beds or pots should be watered daily beginning two weeks before sowing
the seeds. Regular and gradual prewatering in small amounts (rather than
adding a lot of water at the last moment) allows the water to mix evenly andthoroughly 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 themoisture levels inside. 
Prewatering will cause weed seeds already in the soil to germinate and becomevisible before the tree seeds are planted. Then all the newly emerged weeds canbe removed before sowing. Weeding at this point saves time later and increasesthe young trees' chances tor survival.
 

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

As a rule any seed that has a 
glossy, hard cover (for example, most of tleAcacias) must be treated before it is planed. Usually,soaking 	 treatment involvesthe seed (stratification) and/or scratching(scarification). Different species 	
or nicking the hullrespond best to 	 certain treatments or acombination of treatments. Some seeds like Azadiracluaindica do not need anypretreatment once they have been extracted fron 
 the fruit. The following are
some examples of pretreatment methods: 

Warm 	stratification process: 

o Bring water to a boil in a suitable container.
 

o 
 Remove from heat and let stand for five minutes.
 
o 
 Add the seeds and let them soak overnight. 

o Plant the seeds next day. 

Scarification methods: 

o 	 Use sand paper to scratch the bull (his can be time

consuming).
 

o Mix the seeds in a container with wet coarse sand and shakethe container. 

o 	 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 (becareful 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. 
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Planting seeds 

One notable exception is Anacardium occidentale,which is planted uprightrather than flat. Eucalyptusseeds are also an exception, because they are verysmall and must be planted and watered using special methods (see following
pages). 

Seeds are spaced according to their predicted /ermi:vation rates. In otherworus, if germii.ation results are expected to be high, fewer seeds are planted.Generally one or two seeds are placed in a pot, depending upon thegermination rate. In open-rooted seeding, extra seeds are planted. Theseedlings are thinned to the desired spacing later. String can be used to lay outstraight lines in the open beds. Planting the seeds in straight lines makes
weeding and cultivating much easier. 



80 

SeedingEucalyptusEucalyptusseeds can be started in a separate germination box and later prickedout and transplanted into pots, or they can be seeded directly into pots, usingthe method illustrated below. 
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If Eucalyptus seeds are sown directly into pots, they should be watered using a
firne mist sprayer. Lare 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 mistspraer is not available, the Nobila method, illustrated on the following pages, 

Niobila MethodIn the Nobila method, capillary action in a special sand germinating mix is usedto provide constant moisture around the seeds without having to use elaboratespraying or watering arrangements. Normal watering methods cannot be usedbecause the seeds are so small that they would be washed away by largedroplets of water. 
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Nobila Method for Germinating Seeds 

D ICzA p'IT AN HF- CaHt 

S~S! LINE= SAEI" \NIi14 \&&>o ORPU-V-l C51eNr e>LocK5 OF, so0iTIN6
01-7 FORM1 A,FRAVPAE.M4K 

.... . .,. 'ILL.. Fb-iIQM W ljW SkSC ip 

FTI WiTY-3 '-j cw WIL
6T ~ ~ 4- U~J~ ~ N C00aw 

'FILL Vv- =WM 51:bMVjki
M4,M NVKi 



82 

Transplanting Eucalyptus Seedlings into PotsEucalyptus seedlings started in germination boxes should be transplanted intopots when they are about 2 5 -50mm tall and have several leaves. Intransplanting the tin" seedlings, grasp them by their leaves and not by the stem,because the stem ii tou fragile to be handled. Also make sure that they areplaced in the center of the pot and that there are no large air spaces around theroots. Keep them in the shade after transplanting them into pots until they havecompletely 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
materials (for example, decayed leaves) laid on the seed bed to keep down soiltemperature, inhibit weed growth, lessen erosion damage, and help the topsoilremain loose and crumbly. Some ideas for mulch materials include shredded 
newspaper, plastic sheeting, straw, and bark. Rodent damage to young plantscan be reduced further by covering the mulch with small branches. Oneproblm that mulch might actually encourage is termites. If there are termites in
the area, the seedlings should be checked often for damage and insecticide 
applied if necessary. 

Watering 

Watering is relatively easy if plans have been made carefully. Even suchimprovements as water storage tanks beside the nursery beds are useful. The
general rule for watering is simple: adequate amounts of water are needed atregular 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 watered as soon as they are planted. For at least the firstmonth, watering should be done twice a day (of course, it is often necessary to
mak, allowances for soil types and locations that make more or less waternecessary). Watering shouldtake place in the early moming and late afternoon 
or evening. The lants should receive about 5mm of water ei.ch time. The top20cm of soil in the pot or bed must be kept moist. Checking the pots or beds
regularly will show whether the soil is sufficiently moist. Moisture levels
should never be allowed to drop near the wilting point. 

Water Need Calculation 
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If this calculation is used and followed, there will be ti'ough water even underthe most demanding circumstances. if all the conditi,.s in the nursery remaingood furing the project--if there is enough shade, p,tection from the wind,effective watering during the coolest part Of the day, and good watei retentionby 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 watercalculated may be needed. However, experienced project managers plan formaximum need. It is far better to have the problem of not using all the waterthan it is to plan poorly and risk losing the entire stock. 

Cultivating 
Young rursery plants should be weeded about once every ten days. No fanciertechnuques are needed than those used in a vegetable garden. The object is toget rid of weeds and to keep the surface of the soil loose and crumbly. Sticksor hand weeding tools are all that is necessary. 

Thinning and Root Pruning 

Thinning Open-Rooted StockYoung trees must be thinned out: the single most frequently made mistake inraising open-rooted stock is failure to thin the young plants. When there are toomany young plants in crowded conditions, the resulting trees are of unevensize and have poor root development. Many trees will die if thinning is notdone at the proper time. 
Seedlings should be thinned before root competition becomes severe. The besttime is usually wh'!n the plants are between 10 and 15 cm tall. Thinning isdone by removing enough seedlings f--m the bed to result in an approximatespacing of 5cm between each stem. Ti- seedlings that are chosen to remainshould be the ones growing the most vigorously. 
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Reov 

Sometimes einpty 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 beendone successfully with Azardictta indica,Parkinsoniaaculeata,and even withsome Acacias. Such an operation will succced if the following precautions are
taken: 

o Roots of trees being transplanted do not exceed 5cm in length.
 

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

o Plants are handled carefully to avoid injury. 

o Roots are exposed to air as little as possible. 

o Experienced workers with proper tools do the work. 
o 	 Air pockets 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 probablybetter, in the long run, to reseed empty beds or pots than it is to transplant
young p!ants from the thinning operation. 
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RootPlastic Pruningpots must have some drainage, and thus are perforated in the bottom.Small roots will grow out of the holes into the soil below, and if nothing isdone to prevent it, the tree will develop a second root system below andoutside the pot. Consequently, those roots that grow below the pot and whichare the major part of the root system will be destroyed when the pots aremoved. This kind of situation defeats the main objective of using pots, whichis to allow trees to be moved and planted with the least disturbance of the rootstructure. 

CUr-4 AU 5 (:P0JC
0-UT OV i1bOT-:D\ 

Root pruning prevents the development of a root system outside the pots.Generally, atter the first 6 to 8 weeks (it is earlier or Acacia), all trees inplastic pots must be moved twice a month, the outside roots cut off, and thepots set back in place. 
To reduce work, each block of pots can be shifted, pot by pot, a convenientarm's length distance. To do this a worker picks up a pot with one hand,prunes the roots with pruning shears, transfers the pot to the other hand andputs the pot down on the other side. When pruning is finished, the entire blockof pots will have been moved. 

Pest Management 
The nursery manager and other project peisonnel must watch constantly forsigns of disease or insect attack and be prepared to respond immediately whenproblems are first noticed. Pests can spread quite rapidly in the nursery, anddela in treating the seedlings has been known to result in loss of much of tiesto. 
The Integrated Pest Management (IPM) approach involves thie use ofchemical, biological, and cultural practices for economical and environmentallysound plant protection. Although the dangers of chemical pesticides are now 
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recognized, they are still widely used in situations where other pest controlmethods are ineffective. Bioiogical controls are being researched
introduced to take the place of pesticides where possible. 

and 

Biological methods involve the introduction of a new species into the agroecosystem that acts as a predator, disease, or repellant of the pest species.Insects are preyed on by birds, lizards, snakes, frogs, spiders, and other insectspecies. Diseases can kill insect pests or affect their growth and reproductioncycles. Repeliant species are often other plants that produce substances thatdiscourage certain insects from remaining in the vicinity. The Neem trees(Azadirachta indica) are believed to have this property of repelling a widevariety of insects. Compounds made from various parts of the Ncem are being
tested as organic insecticides. 

Possibly the most effective approa:h to prevent pest incursions in the nurseryis through sound cultural practices. Maintaining healthy seedlings is the bestmeans of reducing losses due to pests. Plants that have not been properlytended and watered, or that are deficient in some nutrient, will be moresusceptible to insect and disease attack than will well cared for seedlings. 

Insects 

In dry tropical regions, insects are most active and numerous during the rainyseason. The life cycles of many insect species have adapted to the climate sothat they do not hatch out until after the first rains have fallen. Because seedlingproduction takes place during the dry season for the most part, insects may note asg reat a problem in the nursery as they can be later, when seedlings aremoved to the planting site. Nevertheless, insect pest outbreaks can occur in the 
nursery. 

Often the most commonly found insects in the nursery are termites. While theycan do extensive damage to seedlings, not all species of termites are pests.Some species consume manure and other compost, therec.y aiding in thedecomposition of organic matter, bul do not bother live plants. Termites canalso improve the soil structure by breaking up hard layers and increasingporosity, through their tunnel-building activities. Some termite species will,however, eat seedlings. In addition there are numerous other insect pests that can cause problems in the nursery. 

Many tropical plants produce secondary compounds that poison or discourageherbivores. In spite of this natural immunity, however, a given plant speciesmay be highly susceptible to certain insect species that are not affected by thesecompounds. Thus it is not uncommon for one tree species to be under attack inthe nursery, even though the other seedlings are unaffected. Before beginningany sort of treatment, it is very important to assess the extent of the damageand whether or not it is confined to one plant species. This can help in teidentification of the insect and in the evaluation ofvarious control methods. 
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The first step in dealing with an insect attack is to try to identify the pestspecies. Insect identification is not always easy, particularly in the tropicswhere many species have yet to be classified. If the insect cannot be identifiedwithout expert assistance, collect samples in as many stages of its life-cycle aspossible. 
The next step is to determine what control measures can be used. Because soinsecticides is far more widespread than the use of biological controls. 

little is known about many of these insect species, the use of non-specific
research into insect ecology is needed to identify natural 

More 
predators anddiseases that can regulate insect pest populations. It may be possible to removeand d estroy th e in sects b yh a ,- h o rath •er eextermination, if: so r t n g to em oveyan, however, rather than resorting to chemical 

o the insect outbreak is caught early enough,o the insects are easy to see and grasp,o the insects will not bite or sting nursery workers, ando sufficient labor is available. 
If other insect eradication methods cannot be used, most insect problems canbe controlled by insecticides. Their application is discussed below underPesticide Use. 

Disease 
The most common disease problem in the nursery is caused by fungi. Thisdisease, which can be causedgenerically referred 

by many different varietiesto as "damping off." The fungi 
of fungus, isseedbeds and pots and attack the roots or stems of the yung plants. Often the 

occur in the soil offirst noticeable symptom of damping off is a discolored,Sometimes, however, the leaves of the seedling 
'Pinched" stem. 

seem to be drying out,although the stem still appears to be healthy. Shortly thereafter the seedlingbegins to wilt and die. Fungal diseases can spread rapidly, and there is little
that can be done to revive the plants once they have been infected.
 
Beds and potting mixtuies 
 - be treated with fungicides before seeding, butthis will destroy the benefic. 
 ; " ngi in the soil as well as the disease varieties.
Damping off can be prevented to some extent bstagnation in the beds and pots. Soils with high pH (6.0 or above) are less
susceptible to infection, and some species, such as Eucalyptus and pines, are
more vulnerable to fungal attack than others. 


avoiding overwatering and 

Eucalyptus seedlings cpn bestarted in germination boxes containing soil that has been sterilized, thentransplanted into pots when they are 
25-5Omm tall, and more resistant to the
disease. 
Other diseases in the nursery can be caused by bacteria and viruses. Virusesare usually transmitted to the host plant by some other organism, which iscalled 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 byvectors, as well as spread by water. Some fungicides are also used to combatbacterial diseases, but chemical applications do not work against viruses. 

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

Pesticide Use 

It is best to be prepared for insect attack by having certain pesticides on hand,or by knowing where they can be found quickly. A number of products areaai able in the bigger towns throughout -Saharan Africa. Pesticides kept at
the nursery 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 innurseries and plantations in Africa, although its use has been suspended orcontrolled in some countries because it cancer.causes It is also highlypersistant, that is, it does not break down quickly into less toxic chemicals, butrather remains in the environment for a long time. Dieldrin is very effective
against termites, maggots, and other soil insects when it is used according todirections. It is important to follow the warnings given on the label, however,
because it is also extremely toxic. Improper use of dicldrin can cause severeillness and even death. In addition, Dieldrin must be applied so that none of
the insecticide gets on the foliage of the trees--even small quantities will bum
holes in the leaves. See box for u:;age precautions. 

In many countries, pesticides are sold in containers that are not adequately

labeled. Pesticide labels should always include the following information:
 

o Trade name (with name and address of manufacturer) 
o Common names of the product 
o Chemical ingredients of the product 
o Type of formulation (dust, water soluble powder, etc.) 
o Registration or license number 
o Pests for which the product is intended 
o Net c-ntents of the container (by weight or volume) 
o Instructions for mixing and applying the product
o Instructions for storage or disposal of the product and container 
o Warnings and precautions (of hea.1n t r environmental hazards) 
o Emergency treatment 

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 amountneeded for a given area can lead to harmful consequences. Wear protective
clothing such as gloves, boots, face masks, and goggles, when mixing orapplying chemicals. Two good sources of information about pesticides for 
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DIELDRIN 
Aldrin

Other names: 

Type: Contact insecticide
 
Formulations: 
 Emulsion concentrate (EC), wettable powder (WP), dust, 

and granules. 
Warning: Do not touch. Dieldrin can be absorbed through the skin.
 

It is extremely dangerous to man if not used correctly.

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

Do not dump extra solution into 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 WEAKNESSof poisoning: NAUSEA SWEATING 

DIZZINESS VOMITING 
2. 
 If the person feels sick while using Dieldrin or .on afterwapi:
 

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

o Bring the insecticide container or label so tiue doctor will know whatpoisoned the person. 
3. If the person swallowed Dieldrin and is awake, and cannot se. a doctorRIGHT AWAY: 

o Mix a tabiespoon of salt in a glass of warm water and make the victimvomit, or stick your finger down the person's throat. Make him vomit!o Make the victim lie down. Keep him warm, and do not let him move 
until help comes. 

4. If thL person spilled Dieldrin on either skin or clothing: 
o Get the clothing off and wash the skin with soap and plenty of water. 
o Get medical attention as soon as possible. 
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rOject planners include 34 Pesticides:Is Safe Use Possible, published by thetional Wildlife Federation and Agro-pesticides: Their Management andApplication, by Jan H. Oudejans. 

Preparing Seedlings for Transplanting 
The general rule of thumb for judging whether a tree is the right size fortransplanting is that the above-ground growth of potted stock should not beless tan 0.2m and no more than lain tall. Open-rooted stock can have between1.5m and 2m of growth above ground. 

Great variations exist among species in the ratio of above-ground growth toroot systems. For example, Acacias have very long root systems comparedwith their growth above ground; Azadirachtaindwa develop rather tall, singleshoots over a limited root growth. The only way to find out the relationship ofabove-ground growth to root system is to expose the root systems of a fewsample trees of each species. 

When lifting out open-rooted stock, it is usually the case that no more than20cm of the root depth can be excavated without damage. Obviously a tree thathas a major portion of its roots below this level cannot be transplanted safely,therefore the seedlings must be checked periodically so that they may betransplanted on time. 

Hardening Off 

Hardening off is the gradual reduction in watering rates during the last fewweeks in e nursery. This lessening of water intake helps prepare trees for theless steady water supplies they are likely to receive at the planting site. Aboutfour to six weeks before removal, watering is reduced to once per day. Afterabout a week at that rate, the young trees should be watered every other day. Ifthe trees Jo not begin to wilt, the amount of water can be reduced further. Ifthe tree, do wilt, however, additional water must be applied immediately toprevent permanent damage. 

Culling 

It is a standard nursery management practice to cull the seedlings beforetransplanting. The seedlings are gradedin terms of their size and vigor, andany tat are not within acceptable limits are rejected or culled. Generally about15 percent of the nursery stock is culled before a planting operation. Some ofthe culls can be kept in the nursery until they are larger and stronger, but oftenit is better to start over with new stock. 

Seedlings should be rejected on the basis of size either if they are too small orif they are too large. Potted plants that have been kept in the nursery for toolong often outgrow their pots, causing their root systems to be deformed.Overgrown seedlings will have a higher chance of mortality than smaller 
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Preparing Seedlings for Transplanting 
The general rule of thumb for judging whether a tree is the right size fortransplanting is that the above-ground growth of potted stock should not beless tan 9.2m and no more than Im tall. Open-rooted stock can have between1.5m and 2m of growth above ground. 
Great variations exist among species in the ratio of above-ground growth toroot systems. For example, Acacias have very long root systems comparedwiti their growth above ground; Azadirachtaindica develop rather tall, singleshoons over a limited root growth. The only way to find out the relationship ofabove-ground growth to root system is to expose the root system.Q of asample trees of each species. 

few 

Wiii;n lifting out open-rooted stock, it is usually the case that no more than20cia of the root depth can be excavated without damage. Obviously a tree thathas a major portion of its roots below this level cannot be transplanted safely,therefore the seedlings must be checked periodically so that they may betransplanted on time. 

Hardening Off 
Hardening off is the gradual reduction in watering rates during the last fewweeks in the nursery. is lessening of water intake helps prepare trees for theless steady water supplies they are likely to receive at the planting site. Aboutfour to six weeks be ore removal, watering is reduced to once per day. Afterabout a week at that rate, the young trees should be watered every other day. Ifthe trees do not begin to wi., he amount of water can be reduced further. Ifthe trees do wilt, however, additional water must be applied immediately toprevent permanent damage. 

Culling 

It is a standard nursery management practice to cull the scedlings beforetransplanting. The seedlings are gradedin terms of their size and v,"or and
any Tat are not within acceptable limits are rejected or culled. Generaly about
15 percent of the nursery stock is culled before a planting operation. Some of
the culls can be kept in the nursery until they are larger and stronger, but often
it is better to start over with new stock.
 
Seedlings should be rejected on the basis of size either if they are too small or
if they are too large. Potted plants that have been kept in the nursery for toolong often outgrow their pots, causing their root systems to be der-runed.Overgrown seedlings will have a higher chance of mortality than smallerseedlings with normal root development. Any seedling that looks unhealthy ordiseased should be culled. It is better not to plant poor quality seedlings than toexpend a lot of energy on trees that are unlikely to survive. 



7THE PLANTING SITE 

Site Management
 

Planning and Organization
 

The p Santin,site should be completely ready well before the first rains areduebecIause the trees Must be transplanted as soon L3 sufficient rain has fallento moisten the top 20cm of soil. Fhe tree roots cannot be placed into dryground if the , are to survive. 

When planting is delVed, survival rates decrease greatly. Transplanted treesneed the entire A.i'y season to get a good start. Therefore, nothing can begained by plantihg i, the second half of the rainy season even if there is moreclot.dy, wet weather than usual. The limited time span during which successfulplanting takes pla ce requires proper planning anl advance preparation, whichShould include alternatlve plans for action and substitute resources in case
difficulties occur. 

While it is difficult to give specific gUidelines for organizing planting workbecause each project is distinctly different, foresters o "en fin] the followingp-inters helpful: 

o Make contingency plans, especially for transportation and labor. It is veryimportant that no delays occur. Plantin' 's the time where careful planningand good ielationships with the workers and the community pay off. 
o Plan realistically and attempt only what can be accomplished. A small, solidjob, well done, is worth more than a marginal performance on a largerscale. Goals should not be :;e' so high that they cannot be achieved. 
o Each planting effbrt is worthwhile, and is worthy of the same degree ofpersonal commitment. 

o Weather factor, can, perhaps, be planned for, but not controlled. There isa limit to the project managers ability to guide the project, and it isimportant to realize that the impossible cannot be done. 
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Site Preparation 

Site preparation includes delineating the site, clearing the ground. maiking thespace for each tree, and digging the holes. 

SiteWell Delineationbefore the trees arrive, the fence or other protection should be in lace.The control of land use at the site and the lines of authority should be clar toeveryone in the area. 

___ _ _j -_ - - , 

Plantingareastakedout 
Access routes to large sites should be established, and road work completed, ifnecessary. In large plantations, a four meter strip shou. lb,. left just inside thefence so that atruck can pass, and the fence can U repaired easily. If the site islarge enough to have firebreaks in addition tofirebreak space left for the roadway,areas at least 6m wide should be planned and completely cleared. 

Roadv andfences in place. 
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Clearing
The area around each tree's location should be cleared of all vegetation,including roots. Each tree should have a cleared area of at least 1square meterin which to grow. This spacing eliminates competition for food and water andgives the tree a better chance for a good 3tart in the new location. If the planting
site already has some trees on it, space the transplanted seedlings so that they
will not be in the shade of the existing trees. 

Spacing
Based on experience relating to ground water tables, most trees in drylandAfrica 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 followingfigures can be used as a guide in determining the number of trees that can beplanted on a site according to the area needed by the tree: 

Area Per Tree Trees per Hectare 

2m x 2m 2,500 pe- hectare
3m x 3m 1,100 per hectare
4m x 4m 600 per hectare

lom x lOn 100 per hectare 
Some, if not most, of the largeltrees of Africa seem to be loners. Acaciaalbidaand Tamarindus indica,for example, are rarely found growing naturally indense 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 donein areas where cultivation will be practiced using tractors and other vehic:es.
This use of vehicles is not as likely in a village situation, however, nor wherethe ground is very rough. In these cirses, precision spacing is not called for,and it is better not to waste time trying to space the trees exactly. Spacing canbe done very simpiy and easily by determining how many shovel lengths orsteps must be left between each of the trees being planted. The first line of treesis planted along a boundary line such as a firebreak or road. The second line is
then oriented parallel with the first. 

Digging
In areas with less than 1,200mm mean annual precipitation, holes should notbe dug before they are to be used. The purpose of pre-digging holes is to savetime 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 usuaily driven by the wind so that the drops hit the

sides of the hole, rather than reaching the bottom.
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o As soon as the showers stop, the sun and wind dry out the holesand piles of excavated dirt. This drying process leaves the soildrier the' it was before digging. 
Each hole should be approximately 40cm wide andshould hold 

40cm deep. This sizeeither open-rooted or potted seedlings easily. When digging, thesoil is placed in two equal piles, one on each side of the hole. This techniquegreatly speeds backfilling. 

Transplanting 

Lifting Out and Transportation 
Throughout the operationsworkers of uprooting, transporting, and planting,must have pienty of room. It is a good idea to set up a theer ofsmall deposit points for unloading trees so that hand carrying can be kept to aminimum. Each team should know in advance the exact area in which it will beworking. As soon as the work plan is ready, it should be discussed at staffmeetings. The crewassistants. If everyonechiefs will know what is expected of them and theiris sure of their job, the work will go muchsmoothly. .aore 

--ThT,T ,, aYlr" 44I; ptqbT 

Moving Potted StockTransporting plants in plastic pots is relatively easy for the plants, but is moredifficult in other ways (the pots are heavy, for example). However, since wellwatered pots can be loaded and transported to the site at any time, it is possibleto start moving potted stock beforehand in smaller batches. 
Moving Open-Rooted StockThe young stock must be dug up slowly and carefully using shovels or otherstrong tools to dig carefully around the roots. 



97 

Even during careful digging, the
majority of roots break. These ureaks 

0 _1 
sometimes leave long, tearing wounds 
through which the tree loses moisture,
and disease can enter. Therefore, as 
soon as open-rooted seedlings are lifted 
out of the ground, the roots, especially 
the big ones, must be cut off neatly.
Lifting out and root pruning must be 
done as quickly as possible. 

WB&"LY 

After the ;cc_-ts 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
placed over the mud, and the entire bundle is tied together well. Water should
be poured over the bundle before it is loaded and taken to the site. 

Some special preparations are used to reduce transpiration (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 Azadirachtaindica and Khaya senegalnsis, should bestripped of all leaves, except for the terminal bud and the iast two or three
leaves near it. The plant must not be ripped and tom, so stripping has to be
done carefully. The terminal bud must not be damaged. The leaves are stripped
as soon as the tree is lifted out and before bundles are made. The stripped
leaves can be used for packing and wrapping material to prote t the roots 
during transport. 

F-2 
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Other trees, Cassiasimea and Gmelina arborea,for example, can stand even more extensive cutting. In fact, they seem to recover best if the entire topportion Of the tree is cut back to 5-l5cm aboye the ground line. The result is a rather odd-looking short stem, attached to the first 15cm of its roots. This iscalled the stump method. Many stumps can be transported in very little space.In both the stump and stripping methods, roots must be kept moist. 

Remove entire top from Cassiasiameaand Gmelina arborea. 

'S~tAr ?LM4 TI 
i zSCAA 

It is, of course, vital to know which species respond to which treatment; somewill die if cut back to stumps. Workers must be carefully instructed to avoidloss. 

Replanting 
Plant the tree so that its root collar is even with the ground. The collar is thepoint 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 littleas Icm, the chances of survival for some species can be much poorer. The firstsmall roots often start right under the collar, and must be carefully covered ifthe tree is to grow well. 

Finding the collar of open-rooted stock is more difficult because the collar ofthe potted stock is right at the top of the soil in the pot, and the soil remainsaround the plant. It is worth taking time to be sure that everyone handling theplants knows where to look for the collar.
 
Backfilling is done carefully by hand. The soil from the top of the piles is put
around the bottom root structure of the open-rooted stock or the bottom soi fthe potted stock. The person doing the planting should tamp the soil with theheel to get rid of the air pockets. Tamping is done diagonally against the bottomof the roots. 
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After the hole is filled, a layer of loose soil is left around the tree. This loosesoil is shaped into a shallow depression that acts as a basin to catch additionalwater. These depressions are called micro-catchments. Their construction isdescribed further on in this chapter under Preparations for Difficult Sites. 

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

Coping with Delays 

Delays in planting the seedlings after they have been lifted out of tile nurserycan he a major cause of losses. This is particularly true of open-rooted
seedllingos, but delays canl also have an adverse effect onl potted plants. The treesmust be watered abundantly the moment they arrive at thle site. If delays inplanting a11unavoidable (whether overnight or longer, and at either the nurseror the planting site), special techniques are called for. 
Potted seedlings that cannot be transplanted immediately after they are liftedfrom the nursery should be placed in sunken beds at the planting site. 

Open-rooted stock must be "heeled-in" to keep the roots from drying out. Theseedlings 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, primarily used at present for planting shade treesaround villages, should be considered. In this method an unglazed -lay jar isburied in the ground, with neck exposed, close by the seedling. The jar is filledwith water, which seeps through the clay to provide the young tree with asteady supply of moisture. The clay jar reservoir method has a number of
advantages and disdavantages. 

ilie advantages are: 

o The soil does not become hard and crusty around the base of the tree. 
o The rools 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 die soil does not take place. 

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

o 	The survival rate is increased. 

The disadvantages of the clay jar method are: 

o Initial planting is more expensive and time consuming. 

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

In most African markets, clay jars 40-50cm deep and 25-30cm in diameter areavailable. Make a hole in die jar about 4cm up from the bottom. The size of theholes depends on the soil and the planting site. In sandy locations a small hole(half the diameter of a pencil) should be sufficient; in a site with very heavysoils, two or more (pencil sized) holes located side-by-side may be needed. 
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To plant the jar:
 
o 
 Dig a large hole about one meter square and one meter deep. 
o Partly refill the hole with soil and some organic fertilizer (if available). 
n Place the clay jar to one side of the dug-out space with the holes in itsbottom facing the center of the area where the tree will be planted. Themouth of the jar should show above ground level only a fewcentimeters.
 

o 
Plant the tree in the center of the hole about 20cm f'om the clay jar. 
o Continue refilling the hole in the ground with the mixture of soil andfertilizer. 
o Fill the jar with water and cover the top to keep the water clean andprevent evaporation. 

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

o 	 Dig out entire jar, 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. H-towever, just a trickle of water is necessary to keep the tree watered. Do 
not make the holes too large. 

Micro-catchments 

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

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

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

Micro-catchments can be surprisingly effective even on sites with little slope.
Some have been so successful that trees can survive on the water from only
one rainfall each year. One site where this has been demonstrated well is
located in Northern Kenya, west of Lake Turkana. A key element to success 
lies in providing a large enough catchment volume so that runoff from a 7mm 
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Note: Dimensionsof surface areas, as well as excavation andfills,Vary according to slope and infiltration. 
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rain can be stored without overflowing the banks of the catchment.requires a trial and error approach, as 
This

well as calculation of simple volumesbased on more or less regular geometric figures. 
A second kev element is proper construction of the dikes. Their contours andgrade, must be geometrically correct, without low points or wavy crowns. Thedike must also be keyed into the existing ground, and great care must be takento compact the soil in tlh dike walls. Compaction works best if the soil ismoist. Clay must be tamped thoroughly, in thin layers, so that no voids existbetween the lumps of soil. If properly constructed, individual basins will holdand collect the runoff from rains and increase growth and sun,ival where onlymarginal results would be obtainable under ordinary circumstances. Prosopisspecies particularly benefit from this method. In addition to tne trees, grasses,which are harvested for forage, and in favorable cases even sorghum, can begrown in the moist area of the lowest portion of each basin. 

Contour Ridges 

A method similar in concept and purpose to micro-catchments, but on a largerscale, has been used on agricultural sites and is also appropriate for treeplantations or agroforestry projects. This method involves the construction ofcontour ridges, or diguettes, using rock or tamped earth walls built along thecontour lin-. The ridges help prevent soil erosion as well as increase infiltrationof moisture into the soil. They do, however, require substantial investments interms of tools, labor, and maintenance. 

Like nicro-catchments, contour ridges can significantly increase survival andgrowth rates even on relatively flat land. The distance between ridges dependson the degree of slop--on steep hillsides they should be constructed closertogether than on flatter s.tes. It is important to follow the contour closely inlaying out the ridges. Once the ridges are in place, farmers should use contourplowing and cultivating techniques, if they are not doing so already. 
The first step is to mark the contour using a level. In areas where there is ana(dequate supply of rock to use as a building material, the ridges are constructe.dby digging a furrow in which the boulders are lodged. Smaller rocks and soilare used to fill in gaps between the boulders. If rock is not available, the ridgesare constructed using tamped earth. A shallow trench is excavated along thecontour, and the eartP is shaped into a ridge on the downhill side of the trench.The soil is packed using a wooden tamp. The soil nust have a clay texture toretain water. Soils with a high sand content will not work. 
After heavy rainfalls, sonic water normally passes over or through the ridges.Occasionally a channel of water will break through the ridges. 'hese breaksmust be repaired promptly to prevent gully formation. 
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Although contour ridges are usually constructed with the idea of using theincreased soil moisture retention to improve crop production, trees and shrubsalso be planted at intervalscan 
along the contour ridge. Chapter 8,Agroforestry and Soil Conservation, gives a more complete description of thistechnique. 

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

Watering 

General Considerations
Normally tree plantations in dryland3 Africa are rainfed; that is, they depend on
rain and groundwater to supply all their moisture needs, rather than beingwatered or irrigated. ]Te cost of irri lating a large area is usually too large for aforestry or conservation project. This hold true for most forest tree species and
planting configurations, but there are some exceptions. 

Shade trees are generally watered frequently because they are often ',)cated nearenough to a water source that watcring does not require much effort. Fruit tree
orchards are also sometimes irrigated, because the crop is considered valuable
enoihgh to make the cost worthwhile. Research plets may be watered, if it will 
not interfere with the results of the experiment. Sometimes demonstration
parcels are watered to ensure that th trees survive, in the hope of encouragingpeople to adopt the technique being demonstrated. Thrs is misleading if the
technique does iot 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, seedlings must be watered. As long as provisions for wateringmust be made, it may be just as well to plant trees duringthe cool, dry perio.
This is a major deviation from the basic principle of planting during the rainy
season. Expcrience in Mauritania has shown that planting and watering of trees
(luring the cool season requires much less water to get them started. 

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

o Dig a hole or test the soil with an auger to determine the existing moisture
conditions. Dune sands may contain capillary water at 1-2m below the
surface. If that is the case, only the dry layer above these areas need be 
watered. 

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

There are two reasons why it is important to weed around young trees: 1)toreduce competition for moisture and growing space; and 2) to reduce the riskof damage frorn brsh fires. Climbing vines can also strangle a seedling ifftheyare not quickly remove(]. weedIt is not necessary toplantation; clearing a radius of about Im around each tree is 
the 

sufficent.
entire area of a 

Weeding is most necessary during the ruliny season.properly tended (ILuin If the trees have beenthe rains when the weeds are most prolific, additionalveeding operations should not be necessary (luring the dry season, If there is aconsiderable amount of dry vegetation on the grround surrounding the trees,however, fire becomes a major concern once the rains have ended. 
Tie grasses and other vegletation removed from the phlntation during weedingoperations can be used a anin:l fodder or as mulch around the young plants.Weeding may be necessary for several years after the seedlings are planted--atleast until they are taller than the other vegetation, and their root systemsdeep enough areso that they are not competing for surface moisture and nutrients. 

Survival 

If the trees have been properly cared for, if no animals et into the plantingarea, and if there are no serious attacks by insects or rodents, survival of thetrees depends direct!y on the weather immediately after planting. Cloudyweather with frequent showers for the first three or four days after planting canmean 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. Abundantprecipitation during the rainy season helps plants to build up reserves and rootsthat are long enough to reach down to lower water tables during the dry
season. 

Generally only those trees that are weak, diseased, or slow starting are affectedby insects, rodents, and disease. Sometimes trees that look dead above thesurface may resprout from the ground up the following year if conditions aregood. 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 nextyear's planting season, to determine how many seedlings wil be needed toreplace trees that have (lied. A site assessment is sometimes necessary todetennine if high mortality rates are due to an inherent problem in siteconditions. If a problem is identified that cannot be easily corrected, it may notbe worthwhile to replant on that site the following year. In areas where there
are two rainy seasons per year, replacement planting can take place during the
second, shorter rains, if site conditions are favorable.
 
Because mortality losses may be due to more than one cause, it may benecessary to plan several sur-vival counts at intervals during the dry season.The first count, taken shortly after the end of the rainy season, indicates lossesdue to transplanting shock, or to spotty, inadequate rainfall. Survival counts
taken later in the year may show a 
 hither overall mortality due to thecumulative effects of drought combined with other factors. 
It is unrealistic for project managers to expect to maintain 100 percent survivaleven undev the most favorable conditions. Although reasonable effort,; shouldbe made to reduce mortality as much as possible, a total survival rate of 60percent of the nursery stock one year after planting should not be consic.reddisappointing under arid land conditions. Total survival includes the seedlingsstill liing after counting losses in the nursery, seedlings that are culled duringgrading, and seedlings that die following transplanting. 



VAGROFORESTRY METHODS 

Agroforestry Systems in Africa 
Agroforestry is a topic that has received considerable attention since the firstedi'ion of this book. This interest is largely due to evidence that trees andshrubs can be managed to enhance significantly and, to some extent, guaranteethe sustainabilityof agricultural systems. Moreov ,r,irees of aPpropriate speciesinsuitable locations can increaseagrictlturalproducivio. Agroforestry offersan alternative approach to intensive agricultural "development' schemes that inthe past have often resulted in decreased soil fertility and loss of soil restoration
potential. 

Even the widespread adoption of the term agroforestry indicates thatdevelopment specialists now recognize the validity of indigenous farmingsystems. Farmers and pastoralists in dryland Africa have over a long period oftime evolved complex strategies that utilize trees and shrubs as essentialcomponents of natural resource use systems (land, water, natural vegetation,etc.). In many parts of Africa, a forn of shifting cultivation known as fallowor slash and burn agriculture has traditionally been practiced. 
Under this farming system, small parcels of land are cleared. Fire is often usedto clear the vegetation, releasing plant nutrients into the soil. The plots areintensively cultivated for a few years until soil nutrients are depleted. They arethen left fallow (unplanted) for as long as several decades, allowing theregrowth of the natural vegetation. Soil fertility is gradually restored, andaftera sufficient interval the land can be cleared and farmed in another rotation.Becaust ' pop'.lation pressures and recurring food shortages in Africa,however, many fanners find it diflicult to practice traditional fallow agriculture.They are forced to lengthen cropping periods, while reducing the number ofyears the land is in fallow. This results in a loss of soil fertility and consequent
reductions in crop yields. Wind and water erosion also increase. 
Agroforestry or soil conservation techniques, oftei, combined, can help tostabilize cultivation on a given piece of laad. Certain of these methods helpprevent or, ,ase enlironmenta l dameage in areas where falo ecroppin is nolonger practical. Adding trees and shrubs as permanent features in the 



114 

landscape in the form of field trees, border and alignment plantings,windbreaks, and live fencing can protect the soil against erosion and improvenutrient cycling. Proper maintenance of treesconservation in agroforestry or soilsystems may allow permanent cultivation of farm fields, thatpreviously could only be fallow cropped. Many of the techniques described inthis chapter are based on farming systems that evolved in Africa to allow longterm sustainable production systems to take the place of shifting cultivation. 
An attempt to describe the role that treesmanagement of natural resources 

and shrubs play in the overallis condensed in the following definition ofagroforestry by the International Council for Research on Agroforestry: 
"A land use s/stem that integrates trees with agricultural cropsand/or animals, simultaneously or sequentially,productivity, more economic returns, 

to get higher
and bette: social andecological benefits on a sustained yield basis, than are obtainablefrom monoculture on the same unit of land, especially underconditions of low levels of technological inputs and on marginalsites." (ICRAF, 1982) 

This means that trees and shrubs are deliberately managed (that is, established,tended, protected, harvested, etc.) and considered as one of the resourceelements used by the people or their livestock, even though the trees mayappear to be randomly dispersed in the landscape. Trees and shrubs need notle forests, woodlots, orchards, or other discrete stands, especially set aside fora single purpose or product. Rather. they are planted wherever people have notallocated [lie space to sonic other use. 
Forestry specialists in the past have paid too little, if any, attention to trees andshrubs outside of specifically designated forest areas. Throughout ard Africa,
governments 
 have established areas of land set aside to be managed bytechnical 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 reg eneratcd
naturally as well as those that are intentionally planted. The goals of land and
resource management for agroforestry systems can vary greatly as long as trees
and shrubs are integrated with cropsagroforestry includes a broad 

and/or animals. This definition ofrange of activities from hunting-gatheringsystems involving minimal technological ;nput, to intensive intercroppingpatterns where trees are established, pruned,
carefully controlled production schedules. 

and harvested according to 

It has also become evident that, from the local people's point of view,integrating trees into traditional operations and land use patterns makes muchmore sense than setting aside specific areas of usable farm land for woodlots.In many areas the most acute problem is lack of food, not lack of wood.Certain tree species may provide food (fruit, leaves, edible seeds, etc.) notonly for people but also for livestock, particularly during seasons when foodsupplies from other sources are low. 



115 

In addition to producing wood for fuel, construction, implements, tools, andart objects, other important arid locally appreciated by-products of agroforestryinclude fiber for mats, baskets, and rope, or plant materials for medicines,dyes, tanning, cosmetics, and glue. These raw materials were easily obtainablea few generations ago when extensive woodlands still existed throughout thedry reions of Africa. Today they are scarce because much of the 'uselessbrush' has been converted to farm fields or plantations of rapid growthspecies, the use of which is usually limited to only a single product. 
Trees, Soil, and Farming Systems 
Trees and shrubs play a critically important conservation role. 'They can reducesoil surface temperatures, increase infiltration and retention of soil moisture,provide organic matter, pump nutrients, fix nitrogen, reduce erosion fromwater and wind, form live fences, and provide shade, all of which create bettergrowing conditions for crops and grasses. 
Some methods currently being promoted as agroforestry interventions-windbreaks, for example--can be equally well categorized as soil conservationmiethods. For tile purposes of this text, it is not necessary to classify techniquesinto one discipline or the other. By its definition, agroforestry attemptsachieve 'higher productivity, more economic returns, and better social and

to 
ecological benefits on a sustainable basis."hllese objectives should becompatible with the goals of soil conservation and sound farm or rangemanagenment prograns, and shoul also be in linc with efforts focusing onresponse farming or fanning systems research. 
It is natural to ask which of these interventions, agroforestry, soilconservation, 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 balancedeffects can be achieved if the three systems are used in combination. Researchshows that in many instances soil conservation efforts can have a synergisticeffect when combined with agroforestry systems. This holdsmodifications of farm or ranoe nmanagerent practices. 

true for 
In fact, the three typesof activities often complement and reinforce each other, to produce betterresults than could be achieved through the separate use of any one approach.Agroforestry systems should be designed, then, with careful consideration ofmethods that traditionally fall into tihe realm of soil conservation and farm orrange management. 

The table on the following page illustraLtcs how the three technical fields relateto each other. Pilot projects should rest different combinations of techniques,using a fanning systems research approach, before introducing an agroforestrypackage 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 dependon a limited and fragile resource %ase for their daily subsistence. Anappropriate, properly managed species mix will result in sustainable land usesystems that produtce as well as cn.serve. 

No other single iss:ue is as important as species selection in planning anagrofores-ry intervention. Insome instances, the choice is not hard to make. Inthe Sahel, Acacia albida is frequently identified as the species that is mostappropriate for a given site. Aloringa oleif'ra is a good candidate forintercropping with vegetable gardens in areas where people are familiar with it,but it may be more difficult to introduce to new Anotherareas. classic"agrloIrtr species in dryland lFast Africa is oe,'Sa glabra, which is veryI utch appreciated and in demand f.rom i.ke Nyanza to Saudi Arabia.
 
The task of reconimending species for windbreaks 
can become controversial.Many windbreaks established in Africa are composed of a single species, mostfrequently the Neem tree. It is widely agreed that a more diverse species mixwould be preferable, but few data exist to indicate which species becancombined to achieve the desire(] efecl. Fast-growing species are needed forwindbreaks because they can begin to reduce wind erosion a few years aftertheir establishment. The more slow-growing species, however, are oftenlonger-lived, and rovide protection for the crops and soil long after the fastgrowing species have died. An ideal windbreak species mix should also

Conta1in multiple-use trees.
 
The same problem exists for many other experimental techniques such as livefencing and contour strips. The decision is complicated by the question ofspecific site requirements and conditions, but aspects such as resisitance tobrowsin, or local preference (not to mention taboos, prejudices, andunfamiliarity with a new species) often severely limit the choice. 

Much can be said for experimentation and trials, but research takes time, andproject funding organizations are often in a hurry tor results. They want andneed short-term successes. Consequently, they tend to select from a limitednumber of key species, based on the best infonation available at the moment.This tendency to (epend ol the same few species for almost every applicationhas resulted in a concentration of knowledge and experience with a few exoticsat 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 landuse patterns. Species trials are required to meet site requirements.Demonstration plantations using more varied species, including moreindigenous species, are needed throughout dryland Africa so that futureselection can be made oil the basis of what has worked. 
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Species Selection Based On Rainfall 
Rainfall Below 50 0ram 5 00 -1000mm 

West Acacia albidaAfrica Acacia nilotica 
Acacia raddiana 
Acacia scorpiodes
Acacia senegal 
Acacia seyal 
Azadirachtaindica 
Balanitesaeg)ptiaca
Ba/hinia reticldata 
Cornbrettunspp.
Cotnniphoraafricana
ilyphaene thebaica 
Mitragina inermis 
Moringa oliflera 
Pros,)P6.~jl/i/ra
Pterocarpus lucerLn 
Salvadora persica
Tamarindu. itulica 
Tamarixspp. 
Ziziphius spp. 

East Acaciainelifera
Africa Acacia nilotica 

Acacia tortilis 
Azadirachta indica 
Balanites aegyphiaca 
Cassiaspp. 
Cotrjniphoraellenbechii
Conocarptslanlcifolia 
Cordiaabyssinica
Doberaglabra 
Greoiatiha r 
Jatroplia diclirar 
Leucaenaleucocephala
Moringaoleifera 
Prosopischilensis 
Prospisiuliflora 
Salvadorapersica
Schinits molle 
Sesbania sesban 

This list should be used as a guideline, 

Acacia albida 
Acacia nilotica 

Acacia scorniodes 
Adan-oniadigitata
Anogeissus leiocarpus
Azadirachiaindica 
Balanitesaegyptiaca
Borassus aethiopum 
a7I1trospcrmitw parkii 
Caricapapaya
Citrusspp.
Diospyrosmesiliformis 
Eucalyptus camaldulenis 
Leucaena leucocephala
Mangiferaindica
 
Moringa oleifera
 
Parkia biglobosa

Prosopisafricana 
Prosopisjuliflora

Psium guava 
Pterocarpt' erinaceusScierocarva birrea 
Tatrarindusitutica 

Acacia polyacantha 
Acacia senegal
 
A zadirachtainlica

Balanitesaegyptiaca

Cal!iandracalothrysilv

Calodendrtioicapense

Caricapapaya

Calvuarinaequisetfolia
 
Citrusspp.

Cordiaabyssinica
 
Croton megalocarpiLv
 
Eucalyptus spp.
Gliridiciasepiuon
Gmelina arborea 
Grevillearobusia 
Leucaena leucocephala
Mangiferaindica 
Psidin guava
Schinus mo/le 
Sesbaniagraidiflora 
Sesbaniasesban 

field and at the specific Project sites. 
a basis for further discussion and observation in the 
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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 been carried out by local people forgenerations. Others are relatively new, "invented" by technicians workin witlocal farners or pastoralists and still being adapted to varying site conditions.The methods described here are presented in 'tech-sheet" fornat. 'hey providea practical guide for use in thie field, rather than extensive coverage ofba1ckground information, theory, and reference sources. The bibliography andt.ion. Source IList in Appendix "E' should be consulted for furtherdocumentatio,. 

Many of the technical requirements, design, and field work details that are usedin agroforestry systems are similar to or the same as those of standard forestryand conservation activities. The information regarding establishment andmaintenance techni(Jues for reforestation efforts that has been discussed in diepreceding chapters is also generally applicable for agroforestry applications.Several points, however, deserve special attentionagroforestry-rel when implementinga ted projects. Additional information is provided in thefollowing pages for specific factors that should be considered, such as spacingaequirements, intercropping, plant protection, pruning, and harvesting. 
particular emphasis should be placed on extension of the agroforestrytechniques presented here so that local people aire encouraged to try them ontheir own land. Traditional plantation forestry methods often involverecruitment of a large labor force to carry out work on publicly owned landwith high levels of'technological and material inputs. Although Some projectsof this sort may fall within the broad definition of agroforestry, most of thetechniques shown here are specially selected and modified to be implementedby rural households or communities using locally available materials. 

A ,,roforestry and soil conservation techniques can be grouped or classified indifferent ways. Some of the techniques described in this chapter, therefore,could be equally well categorized as soil conservation or farm/rangemanagement measures. They are all grouped here, nevertheless, because theycan contribute to the increased productivity and sustainability of land usesystems. All of the techniques included involve the establishment of vegetationcover, primarily trees and shrubs. Some also involve physical soilconservation methods as well, such as contour ridges, terraces, ol walls. Thisapproach is intended to increase awareness of ,vays in which vegetativemethods can be used interactively with physical methods. 
The following outline shows the format that has been followed in organizingthe information in this text. The main categories and sub-categories distinguishthe various techniques according to their functions and the spatial arrangementsin which trees appear in a rural landscape. The techniques are illustrated on thefollowing pages and described in detail in the sections that follow. 
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Outline of Individual Techniques 

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

Off-farm 
Roads and Trails (6)
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 Techniques 
Trees can be integrated with crops indispersed randomly a number of ways. They may beacross a field, planted in careful rows between rows ofother plants, or planted as separate stands for orchards or woodlots. Trees mayalso be used to mark borders or as live fencing. 
1. Dispersed Trees (On-Farm)Intensive interaction bu.ween crops ani trees occurs when they are growntogether. The classic farm/park landscape that covers large parts ofWthe Sahel isa perfect example of a traditional agroforestry arrangement wheredispersed in farm fields form an integral part of a cropping systeM 

trees
species are Differentfound in these dIspersed, park-like stands, deperdinconditions. The best known are Acacia albida,But.,yr on site 
liglobosa,and Borassusaethiop 

deperndiiprParkia,"arli, 
un 

In traditional systems these trees regenerate naturally, and so they are more orless homogenously distributed across fields in random patterns. Where theyhave been regenerated through huian efforts(nonnally IOx I m),. they are planted in lines 
cultivation, 

Regular spacing is particularly important if mechanizedsuch as
approach 

animal traction, is practiced. THe main feature of thisis that the trees are more or less uniformly dispersed either innatural, irregular pattern aor more systematically in a grid pattern.
Thiere are sonc.problems that have arisen in the use of tsseadlimis are difficUlt to protect from grazing when they are 

technique. The
years). 'RI~Sh. oung (up to fivefences or woven baskets can be placed around individual trees,as described in Chapter 3, but this is expensive. Birds are also attracted to thetrees, especially when they are established near rivers and lakes. The birds cancause problems for farmers if they eat crops and seed. 
Efforts to introduce Acacia albida in farm fields in the Sahel have beenparticularly successful, however, because of a uniue property of this species.During the raiy season it drops its leaves, and it does not leaf out again untilwell into the dy se7.son. Cereal crops can be grown under the lea less treesdurin- the raiy season. The crownswith light-deanding crops for space, thus the areas shaded by the trees cannot
be used. for crop production. Even small trees can create enou
the rainy season to take a significant part of a 

h shade during
 

of almost all other tree species compete 

farmers land-holding out ofproduction. 
During the dry season the Acacia albida leaves and pods provide a welcomesource of food or livestock. The trees also seem to have a remarkable effect onsoil fertility, and dramatically increased crop yields have been notednumber Ofs.ites. Especially in Senegal, Niger, and Chad, 

on a
stands of A. albida can be some fairly oldcund that were established in farm fields. In spiteof little or no government or donor follow-up beyond the first two to threeyears, these 10 to 50-year-old plantations ofA. albida aresurvival is probably due to the high value placed on the trees by local farmers. 

doing well. Their 
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Contrary to traditional forestry lore, which often describes A. albida as a slowgrowing species, it can grow quite rapidly. The crowns of some stands,planted at a 10mxlOm spacing in 1972, are beginning to close. These trees are5-7m tall and have begun to produce flowers and fruits as well. 

-b 

Dispersed Trees 

2. Alley Cropping (On-Farm)
Small trees or shrubs, pruned frequently to prevent them from producing toomuch shade, are grown in relatively compact rows (between 2 and 4m, nevermore than 6m apart). Crops are grown in the space--the "alley"--between therows of trees. 'his method was developed in more humid areas of the tropics,and it is being tried in drier regions of Africa, Asia and Latin America. TheInternational nstitute of Tropical Agriculture (IITA) has been experimentingwith alley cropping in Nigeria for a number of years. Arid lands versions ofthis approach are still in the trial stages, however, and experience in thesezones has been much more limited. Most research is focused on obtaining the 
rnght species combination, but the question as to which crops respond best towhich tree species also varies according to site conditions. 

Fast rowing tree species such as Leucaenaleucocephela,Gliricidiasepium,and oimeli.aaarboreahave been used in various research efforts. Other speciesthat can be used for alley cropping include Calliandracalothrysus andSesbania grandiflora,but these also have high moisture requirements. Theyshould be tried in arid regions in vegetable gardens that are irrigated during thedry season. Acidic soils are also not suitable for alley cropping with the speciesthat have been suggested above. Species that would be more appropriate fordry 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 arelaid down as a mulch around both trees and crops, gradually decomposing andbecoming incorporated into the soil as organic matter. The shade and mulch 

http:oimeli.aa
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from the tree rows also reduce weed growth. Yields of some crops are higherbetween the mulched rows than in comparable fields that are not being alleycropped. 'The TITA found that yields from maize were three times greater afterfour years of mulching with Lecaena ucoceplhalaclippings (IITA, 1986). 
Th addition to the increased complexity of matching compatible crop and tree,)c.. to specific site conditions, severai other pr'oblems may limit thewidespread adoption of alley cropping in Africa. A major consideration tofarmers who are considering various intercropping scheme. is the amount ofarabie land that the trees will take up. Farmers tend to Favor methods that willtake as little land out of crop proiuction as possible. Alley cropping requiresfairly close placement of tree rows, which can substantially reduce the amountof land left for the crop rows. Whe--e 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 intercropped
plants. For light sensitive crops lke corn, too much shade over a period ofjust 
a few days can inten'upt flowering and fruiting processes. Other cjops simply
do not thrive in excess slhde. Trained extension personnel are needed to work 
closely with farmers on crop and tree species selection and on setting up
planting and pruning schedules. 

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

3. Line Plantations (On-Farm)
Another alternating row arrangement involves planting larger trees at a wider 
spacing (7 to 10m) with crops planted between the rows. In this system,
species that provide fuelwood and timber, such as Greviliearobusta,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 possibilities
such as Markhamia platycal)yv or Maesopsis emimi are being studied on trial 
sites, where they serve as shade trees for coffee plantations. Several species of 
Acacia can also contribute to honey production. The species mix should 
include trees that provide different products as well as nitrogen fixing plants. 

As in the case of alley cropping, this system has not yet reached full-scale 
production in the drier parts of Africa. It has, however, been tried at higher
elevations in East Africa aid its basic principle may some day prove of value in 
drier areas as well. The trees and-sh rubs are planted in rows with lm-2m 
spacing between trees in the row. The rows are 7mi-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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Line PlantationSpacing 
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It was found in Rwanda that as few as 70 trees (dependingthe frequency of harvesting) vil on species mix andfor a year. Ilarvesting 

supply all te wood neeled by a family of sixis done by lopping branches, and roots ar) alsosometimes cut if they encroach~too far into cultivated fields. An average tree
provides about 20kg y fuelwoo per a sustained yield basis underthis agroforestry system. p_ o n n 
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4. Borderline Trees (On-Farn)Borderlines consist of trees, shrubs, and grasses established to delineateindividual farmn fields. They serve as property markers while they providewood and other products for various purposes. They do not occupy too muchspace, nor do they shade large areas of the fields. Because the tree rows are notactually in the fields, they do not interfere with regular farming operations. Asin line plantations, wood and other products can be harvested from the trees. 
Grasses such as An:Iroaogon ,'lianaare traditionally used to mark propertyboundaries, especially around liann fields. Indry areas, Calatrolisprocert iandEtuhorbia and Comnufera shrub species are also used for this Purpose.Sometimes trees, particularly fruit-bearing species such as 'i'marindus indica,Annona senegalensis, and lora.sus awthiophym, are grown in borderlines or tomark the comers of fields. 

The promotion of additional species for borderline plantation has potential, ifspecies selection takes into consideration local preferences. Protection ofyoung trees is necessary unless the species being used are unpalatable tolivestock. Euplorbia and ProsoqiS species have proven somewhat resistant tograzing in Somalia, Kenya, andNiger. 

Issues of land and tree tenure should bc carefully researched and discussedwith a community before this technique is tried. If the trees are plantedborderline between on atwo farmers' property, to whom do the trees and theharvesting rights belong? There may be several alternative approaches toresolve this question, but all parties involved should agree in a dvance as tohow the situation will be handled. 

BorderlineTrees 
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5. Live Fencing (On-Farm)
Live fencing consists of dense hedges or thickets usually planted around agarden or farm field to protect it from free ranging livestock. They are alsoplanted around family compounds and other buildings. This technique differstrom borderline plantations in that shrubbier species are used, the shrubs ortrees are tightly spaced (0.5-1m), and they are intensively pruned to maintain acompact, dense barrier. This is a very important altemativ.'e to traditional fencesthat 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 Etq)horbia family are especially 'ood because animals will noteat them (people too must be careful--when Euptiorbias are cut, the milky sapcan cause severe irritation if it touches the skin). Other species that are suitablefor live fencing include Acacia ataxacantha,Acacia ruachrostachya,Acacianilotica,Acaciapennata,Acacia senegal,Acaciaseyal, Balanites aegytaca,Calatropisprocera,Comiphora africana (mainly for posts), Euphorbiabalsarnifera,Leucaenaleucocephala,Parkinsoniaacculeata,Prosopisjulilora,and Zyziphus spp. 
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Spacing 
Frequently, the main function of a hedge is to keep animals out. If this is thecase, plants must be spaced tightly and kept well pruned. Select species that 
are: 

o Thomy 
o Easily coppiced (sprout back) 
o Relatively unpalatable 
o Fast growing 

No one species will meet all these requirements. Trade-offs are inevitablealthough 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 concern, the spacing between plants can be wider. Hedges can have 
many other advantages and functions besides keeping out animals: 

o Demarcation of property boundaries 
o Protection against wind 
o Addition of organic matter from leaf litter 
o Fruit and forage, when combined with borderline trees 
o Privacy 

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

Live fences can also be established from cuttings, especially from some species
such as members of the Euphorbia and Commiphora genera and some 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 season to build fences, but this might
be clone when using post materials that may take root. Care should be taken not 
to damage the bark or wood when attaching wire for the fence. See Chapter 9 
for more information on propagation by cuttings. 
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Off-Farm Techniques 

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

6. Road and Trail Alignment (Off-Farm)
A long standing tradition throughout Alrica is to line roads with trees, mainly
for shade, but also for wood and other tree products. This practice can be
extended to include foot paths and trails. Certain species (Eucalyptms spp. or
Grevilea robusta, for example) can be pollarded extensively every three to five
)ears, yielding considerable amounts of fuelwood and poles for construction. 

A frequently made mistake 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 arotnd curves, because the trees reduce the distance ahead that 
drivers can see. 

Trees are also established along livestock and bicycle trails and footpaths,
someiimes in combination with five fencing or rock walls to control access to
adjacent fields. Shade and fruit trees are favored for footpaths. 
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A lignment Plantings 
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7. Water Course Alignment (Off-Farm)
"Ille banks of streams are frequently cleared for cultivation of cereal crops orirrigated gardens. They are extremely susceptible to erosion once the natural
vegetation has been removed. These areas can be protected by restoring tree
and shrub cover along the stream banks. Water course alignments also create 
good habitats for wildlife. 

Trees and shrubs can be established around water sources in much the same 
way as alignment plantings along roads. Rivers, ponds, or drainage canals in
irrigation schemes provide excellent growing conditions for trees. Exotics like
Eucalypt.s spp., Casuarinaequisetifolia, or CIssiasiameawill grow rapidly onthese sites. Fruit trees (mangoes, citrus) shotld be given special consideration
because of their value as food sources. Dry river beds (wadis) provide asuitable site for species such as Tainarix,Anogeissus leiocarpus,Prosopis
spp., or other more drought-resistant varieties. 
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8. Shade Trees (Off-Farm)In many parts of dryland Africa, the most striking impact of tree plantingprograms can be observed near houses, in compounds where people live.Protection is easier and questions of ownership arise less where trees aregrowing inside family compounds. A great diversity of species is found atsuch locations, particularly introduced species and ornamentals. The neem(Azadirachta indica), for instance, has found rapid and wide acceptancethroughout Africa as a shade tre. 

The pollarding method can be used to har'est wood from shade trees,particularly the necm (see Chapter 9, Harvesting Methods). The branches arecut 'ita point about two meters above the ground. hley sprout back quicklyforming a new clown, so that the tree continues to provide shade where
needed. 

Shade trees planted in l)ublic places around government builhings, schools,market places, churches, and mosques serve an important functioi. These areareas where people congregate during the day, and shade is an essential part ofthe environment. These are also places where trees can be established andMaintained quite easily by local people themselves with minimal assistance
from outside. 

Trees planted in public places usually need individual tree fences to protectthem until their branches are out of reach of 'rec-ranriing animals. Even aftertlhey are no longer threatened by livestock, ,zood local cooperation is needed tokeep people from over-harvesting tiletrees.4For example, the twigs of' the neemtree are very popular in Africa for toothpicks. A seemingly harmless practicelike breaking off an occasional twig can, however, stuit the growthl of' youngneems if the sterns are continuously stripped by passers-by. 

Although farmers generally try to restrict the amount of' shade in areas wherecrops are grown, shade trees are used to protect livestock from intense heatduring the day. Shade trees are articularly necessary wherever animals are
corraled or fciced in, and around watering spots. 
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9. Windbreaks (Soil Conservation)
Windbreaks are strips of trees and other vegetation that slow the flow of thewind, reducing wind erosion, evaporation, and wind damage to crops. Theyare sometimes referred to as shelterbelts, although this term usually implies awider strip of vegetatio.i, which inco.,,orates more rows of trees and shrubs
than are usually found in a windbreak. 

The most successful windbreak projects to date are those found on enclosedfarm lands and in some demonstration or pilot projects under government orprivate control. The major obstacle to windbreak establishment in other areasiias been the difficulty and high cost of protecting the trees against animalgrazing. Some large-scale successes have been achieved in areas wheredonors, government agencies, and local people have worked closely together. 

Highly impressive results have been obseived in Niger, where crop yieldsfrom fields protected byi windbreaks are consistently higher than those fromunprotected fields. Studies conducted at a CARE project in the Majjia Valleyindicate that total yields are approximately 20 percent higher, even afteraccounting for losses from land that has been taken out of crop production to
provide space for the windbreaks (Dennison, 1986 ). 
Windbreaks have an especially high potential in farming areas where cerealcrops such as millet and sorghum are grown. Tie windbreak trees, if properlyharvested, can also riovide significant quantities of fueiwood and poles
without jeopardizing their primary function. 

The effectiveness of a windbreak depends on how efficiently the wall ofvegetation blocks the wind and confines the wind's turbulence to the zonesclose to the windbreak. A vegetation density of 60 to 80 percent seems to workbest in arid zones. A barrier dense enough to block wind passage completelywill cause turbulence close to the ground, loosening soil particles that can thenbe picked up by the wind. As well as removing neededtopsoil, wind that iscarrying soi articles causes damage to crops through the abrasive effect of the
sediment loa on plant tissues. 
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A row of trees that provides less complete wind reduction will also ensure thatthe effects of the wind are felt further away. Gaps or openinis in thewindbreak should be avoided as much as possible. Wind is funnele,, throughgaps in the tree rows, concentrating its force and speed, so that the final effectcan be 'very damaging. 
Windbreaks can furnish protection for downwind areas up to 10 times theheig'it of the trees, provided the windbreak consists of at least two rowslants of ditferent heights. Large trees ofshould be chosen for one row (see A,elow). Fast-crowing species can be mixed with slower growing, longer-livedtrees, depending on local preference. Row B should be composed 4 shorterspecies, chosen it' possible for their by-products, andauxiliary rows. These are rows C and D areplanted with lower, bushier trees, shrubs, andgrasses. A well chosen vegetation mix for windbreak composition will notonly provide protection from the witd, but will yield secondary products as

well. 
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This windbreak is protecting the croplandfrorn high winds,

which would carry away topsoiland make the latul uselessforfarming.
 

Windbreaks and shelterbelts can be laid out to include roads, trails, ordriveways for livestock. In this way, animals and people can benefit from ashaded passageway that otherwise would be very hot. Any path through thewindbreak should be at an oblique angle rather than perpendicular to the tr:'erows. T"his will allow people and livestock to move through the windbreak
without opening a gap tor the wind to roar through. 

Some other points to consider about windbreaks: 

o 	 The selection of species for the windbreak should follow the generalguidelines given for the different rainfall zones. Good selections can bemade from species protected by law. Use only species that local residents
themselves have chosen and vahie. 

o Although double lines of Azadirachta indica have been used withsatisfactory results, a strip three or five lines wide is better. Low growingbushes like Bauhinia, Cot0retacae, and Salvadora should also beconsidered. The most efficient windbreaks are those with one or two rows 

of low-growing shrubs or trees on the o0'tside and two or three rows of
taller trees on the inside. 

o The utility of the wider shelterbelts can be enhanced by the selectiun ofmultiple use species for the middle rows. Acacia senegal has been used in some areas, and s ecies that provide locally consumed fruits andmedicines, such as Tamarindusindica, should definitely be considered. 
o 	 Frequently a combination of planting methods is highly practical whenestablishing windbreaks. In 	other words, a combination of nursery 
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transplants, live fencing, cuttings, and stumps can be used (depending onthe best time of' the year for planting in tile area).

0 
 Preparation and protection of the site involved are possibly more importantfor windbreaks than for "egl.,ir plantations. During tile rainy season whencrops areiivestock; howeverbeing cultivlted, thea.ter th . field

iiac iare effective y protected fromlet~lypoe
 
aater
browse the crop residues lft in thle fields. Keeping the animals away from 

vest t animals are usu,•,y allowed tothe windbreaks luristrip of land is costly 
L.this time is dlifltec , and.eein i •a narrowulU ncliencg i a long narrow 

o Where complex land ownership patterns exist, it may not be possible toestablish contilnuouis straight tree rows across individual fields and parcels.In tIlls case windbreakslllay
established boundaries such as 

be staggered so that they conform withborders of fields, roads,and other natural or man-made features trails, streams,provide Stagred windbreaks can alsothe most effective protection around towns and villages, wherethey are laid out in a patteni of overlapping blocks. 

A'F 
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C FIELD3 

Shellerbellso Another possible planting pattern is to line farm fields with wide windbreaks and to plant dispersed trees such asAcacia albida inside the field. 
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o Many nurseries in arid zones could benefit from the establishment of awin dbreak to protect the seedlings from drying winds. The nurserywindbreak also serves as a demonstration to visitors to the nursery. If thenursery is very small, however, a tall windbreak might cast too muchshade on the seedlines. 

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 movementof shifting dunes. Sand stabilization is an important aspect of revegetation andconservation activities in many arid areas. Some of the most successfulexamlples of erosion control efforts have resulted from reforestation projects. 

'I'lecbest protection iniist driflting or blowing sand] is to prevent dhe sand frombeing picked up by the wind and becoming airborne. Conservation of existinggrass and other vegetation cover is necessary to hold the sand in place. Evensmall distu,rbance such as footpath can start the process of erosion on fragile
a 

dunes. Once airborne, drifting sand can be made to settle, nevertheless, andcan be kept from further shifting. 
'1lie first step is to determine why the natural vegetation has not recolonized thearea that is being eroded. Various options that will remove any constraints tonatural vegetation should then be considered. Often the problem is beingcaused by animals. Under these circumstances, little if anything will be gainedby planting trees, unless access is first controlled. 
There are basically two approaches to dune fixation: biological and physical.The best ultimate results are obtained when the open area where sand is pickedup can be pennanently covered by vegetation. Biological methods include: 
o Fencing off the area to protect it from animals, so that the vegetation canregenerate naturally 

o Establishing hedge rows of species such as Etqporhiahalsanufera , whichcan be successfully regenerated from cuttings even in areas where annualrainfall does no( exceed 300 -4 00ram. Fresh y cut branches of Euphorbiabalsamiferaare partially buried in rows of shallow trenches. For furtherdetails on propagation from ct, (lngs,see Chapter 9. 
o Direct seeding, particularly of grasses, but also of woody plants suchvines, shrubs, and trees. 

as 
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o Transplanting seedlings from a nursery onto the site. 

Certain vines and creeping plants are well a(ta tc0covering the ground with runners and shoots. IVi 
to grow in almost pure sand,

ieh sand thus held ii place,site conditions improve enough to permit the introduction of grasses and othersmall piants. Eventually seedlings raised in the nursery can be transplantedonto the site. '['his method of sequential revegetation gradually builds up thesoil n( improves growing conditions for other plants. 
Often before grasses and other ground cover can be reestablished, however,the movement of tie sand must be halted. Physical dte stabilization measuresinclude:
 
" Wind-baffles (palisades), which arc constructed of a variety of materials,
generally -. hatever is locally available. 
o lFore-dunes, which consist of sand or soil ridges set at right angles to themajor winds. They can be 1-5m high and stretch over hunldreds of metersin length. leavy constniction equipment is required for large-scale efforts. 
o Mechanical surface stabilization, whichexposed areas is accomplished by coveringto reduce further erosion. Plastic sheeting, nets, clothsonic other fiber is used. 

or 

o Chemical surface stabilization,
oil, or plastic base) on 

which involes spraying a binder (rubber,the surface to bind particle, together. Grass seedsand mulch can also be mixed with the binder and sprayed on the area to beprotected. 
P'reference should be given to biological control measures whenever possiblebecause of the high continuous maintenance costs of the physical methoc s . Inexposed situations where plant survival is limited, however, some physicalconstruction is needed for initial plant establishment. The construction of windbaffles or palisades can be justificd if low-cost materials are locally available.This barrier can take many forns and be made of a variety of materials. 

.. . . . . . . .t._ . --. T". : J 
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Windbreakfenccs usedfor sand stabilization 

Stems and poles (3-8cm in diameter and up to 21r. long) can be used toconstruct a diamond pattern of criss-cross rows across areas of open sand.Branches of tamarisk can be staked out in dense rows, or fences can be wovenfrom branches of species such as Guiera senegaensis to construct dhe palisade.By breaking the force of tle wind, the palisades keep the exposed sand frombeing picked up, and the sediment load already carried by die wind is depositedin or behina the barrier. Sand will become entrapped in such rows, andridgeswill gradually fom. Plant growth then becomes possible in the protected areasbehind the ridges. 
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encedo
in squares and other sand traps can also be constructed of materialsbasic as bundles of millet stalks o as 
include paln er crop residues. Additional possibilitiesfronds, sticks, branches, cardboard, any materialorreasonably sturdy, easily available, and low cost. Sonic of the problems 

that 
that

is
 
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.

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

I) Fslablish a perimeter around ilhe 
 area to be treated, either with fencingmaterial or by establishing a live fence.
 
2) Construct a 
network of paiisades to prevent sand movement by crosscurrents. The primary gridlines should be perpendicular to the dirertion oftile major prevailing k'inds, and tile secondary lines should be at rightangles to the principle ins. 
3) Once the grid of palisades has been established and the movement of sandhas been effectively reduced, vegetationprotected 	 can be introduced into theareas. Use methods dlecrid under biological control. 
4) lRegin protection and maintenance efforts. Voluntary participation,cooperation, anl commitment to the project objectives on the part of thelocal inhabitants is essential. 
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Before beginning a sand or dune stabilization project, planners should consider 
dte following: 

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

o Thle shifting of live dlunes is influenced by a complex set of viriables, andmay change with the seasons. It is worthwhile to observe and measuredune movements for a period of 1 months before starting stabilizationactivities.
 
o 
 Except under extreme desert conditions, it is more effectivc to stabilize tlhezone of origin of the shifting sand, rather than concentrating efforts on theareas where tile sand is bein de osited It isdetemine the location froi n which tle sand is being removed by the wind. 

important therefore, to 
o Project sites that are close to or within ! ctual desert zones will reqtuir moreintensive efforts to stabilize shifting dunes. Maintenance inputs will also behigher.
 
o 
 The more exposed a specific location is to tie wind (near the crest of large(HInes, or in saddles between ridges), the more difficult it is to establishvegetation. Physical protection is often needed. If it is not possible to usephysical control measures, however, the areastabilized after the top has been lost to wind erosion.

can still sometimes be o Locally occurrin, trees and shrubs ave great resiliency. In species

selection, thle indigenos vegetatioin should receive priority' over exotics,particularly for large-scale projects.
 

o 
 A few outstanding examples are on record of communities that havecontrolled sand encroachment for generations, alone and unassisted byoutside organizations Local approaches may be more appropriate for apartculr site than imported techniques that rely on heavy investments andfo re ig n e( "i "",.ent 

11. Contour Strips (Soil Conservation)The most likely, logical place to use trees and shrubs to halt erosion caused bwater is across slopes, particularly where hillside cultivation is practiced.Properly maintaineItrees and shrubs, planted in combinationwith grasses andother rvelation, can effectively control surface runoff, thereb' reducing soillosses. One successful technique involves establishing par lel vegetationbands along contour lines.
 
These contour strips will reduce runoff from the slopes above if they are
designed and maintained to ensure a dense, multi-layered permanent groundcover. lhe ground surface is protected by successive layers of litter, grasses,other ground plants, bushes, and trees. A dense vegetation bell will not only 
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D-- Distance between contour strip;

W= Width of the band of vegetaticn in the contour strip
 

stop or slow down rtt1off, but will also trap soil particles suspended in thewater that have been removed from the more exposed areas between the strips. 
Correct dimensioningi of tihe 1)and W variables indicated in the illustration,above is i0potlan1. Many factors affect the spacing of the strips, but the degreeof slope is te most important. If previous efforts to establish contour strips inthe area are available for sludy, tl'ese sites should be observed for evidence oferosion to determine if the diimenimons are in proportion. Conservation servicesmay also have tables or formulas appropriate for local site conditions. If noitfornation of this kind is available, dimensions can be calculated using thefollowing table as a rough indication of spacing. 

Slope W(meters) D(meters) 

0 2 50 
5 

10 
20 

4 
5 
8 

47 
43 
38 

30 
40 
50 
60 

10 
13 
17 
20 

33 
28 
24 
20 

Basis: 0-600ram 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 vays.simply establish some 'ogroundcover, scarification of the ground aiong theconltour may be sufficie it site preparation. Furrows can be dug by hand orlisini , a harrow or disc blade. MIore intensive effort may consist of additionalsccdbefd preparation, for inst ance, loosening, up the soilaong tile surface and akin,Contour. Direct seeding of desirable trees and shrubs lay be Feasible,f.or SUchI s)cies as LL'uc,,a Ien(',C',hl(la.
.it Some trees can be establiseld bys., 'Ihe,most ir,'',tin but also most costly i,etod of establishin' oStrips IS by plan1ting ILrscry raised seedlings. 

The primary consideration for species selection should bebecause the contou r strips take 
local preference,

a certain purcentagecuIt ivalion, even thouh1 of the land otut of 
area. 

they are intended to Increase productivity ofthe total,any different species can be used, some in combination with eachother. Fruit Iices are often ,Iigh priority oi fanmland . In otherareas,Wret le ,taproduce poles for cons:ruction, rafters, and fences may be prefcrred, such asCa.mitarinaequiseli/l iaor Tctonagrands. 
Plticular attention should he gi eil to ve etation layers nearer the -rOuIIdsurface. Fodder plantS, such aS Uiinea, napier, or elephnt grasses, may be of'interest for feeding to pencred livestock. :,eennielsill bean species, proucel ollalwoody shrubs for hma...iilhbitants. suipt loll, may appeal to tIle localontour strips can ble a good locatiIo for hntrodLcing new specieson a small-scale, experimentital basis as well. 

12. Trees Along
For inltormatioin 

Contour Ridges (Soil Conservation)on the various applicable soil coilservation ineasures thatinvolve construction of contour ridges, or terraces, or excavation of infiltrationditches, a number of texts are available for arid areas in the tropics.Technique Foresti'rTr'pical helleCcire(CTF'), tile Centro Agronomico Tropical dehvestigacion v Ensefianza (CATIF),the Intemational Council for Research in
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Agrolorestry (ICRAF), and the United Nations Food and Agricu ltureOrganization (l"AO) have all published handbooks and technical material:.: oil
tile subject. In addition, many of the bilateral 
 donor organizations havedeveloped standard texts on the subject during the past decade. Constructiondesigens and extension materials have been deve!oped specificall, for ceilain
countries. anion themI !londuras, Kenya, BIurkina Faso, and file Philippines.See Appendix Fl or a list of information sources and bibliography for relatedmaterials. See also Chapter 7 to discussion of micro-calchnients and contour 
ridges. 

There is still relatively little inlorlat iol available, however, that deals with theelective combination of ',hiical and physical erosioi, control measures.\egetatilon, especially trees an&shrLibs, can play a vital role in i, tile"creasinie fcti iveness of soil and water conservation efforts. Properly established andmanlaged woody plants can reduce maintenance and costs on hillside erosion 
control projects as well. 

The following sketches show sone specific, typical cases where trees and:JnLirhs can make an important coItiriblItion 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 rockspositioned 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 evenbrief 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 beenremoved. Improperly ,placed trees can, however, have the undesired effect of
narrowing the channel and increasing the speed of steam flow. The following
sketches show how to combine vegetation with mechanical gully erosion 
control methods for optimal results. 
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9 SPECIAL SUBJECTS 

Fire 

Uses and Prevention 

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

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

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

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

Firebreaks 

Prevailing winds in sub-Saharan Africa tend to be high and constant. Thus the
spread of a fire can be reasonably well predicted, and the necessary width and 
direction of firebreaks fairly accurately calculated. Firebreaks should be 
constructed at right angles to the direction of prevailing winds, with secondary
lanes dividing the resulting strips of land or trees. 

The high winds dictate wide fire lanes in order to minimize the danger of a fire 
jumping the lane. Inside 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 
elimination of dry grasses and weeds.

or as roadways--either use guaranteeing 

Plowing the natural vegetation under provides only temporary relief; in the longrun, the area becomes a greater fire hazard.perennial plants, but make more 
Disking and p lowing eliminateroom for annuals, which tend to becomedense and dry. When this happens, the fire spreads more rapidly in thefirebreak than on the adjacent land. 

Firefighting
 

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

.....
 ...... a' 


Backfires can be quite effective, particularly in areas where :he normalvegetative cover is sparse, the prevailing winds are constant, and necessarycontrol lines can be constructed quickly and easily. A backfire is simply a smallcontrolled fire started in the path of a larger fire. The backfire destroys fuel,and thus halts the larger fire, which has no new fuel to bum. 

http:weeds.or
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More on Fencing 

The following illustrations show ways of constucting fences to keep out the 
widest possible number of animals. 

gr) vtew 
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When using vire for fences, the wire must be stretched tightly between thefence posts if the fence is to remain strong. Tension can be maintained alongthe fence by making sure that the wire is stretched tightly hetween posts, andthat it cannot slip out of place. When the wire is placed correctly, each postexerts an equal pull against the next post, and this equal pressure creates atension that keeps the fence posts strong and in place. However, if the tensionon one section of the fence is lessened, the posts in this section will begin tolean toward that part of the fence having the stronger pull, and the fence willbecome weaker and weaker. 
Tension becomes harder to maintain as fences get longer or when there arelarger spaces between posts. It is generally a good idea to usc a line braceevery 120-150m. A line brace is pictured below. Sticks are inserted into loopsi n the wire as shown. These sticks can be twisted to tighten the wire and
thereby increase tension. 

U Ui 

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 deadrnan. A deadman issimply a heavy stone or block of cement or piece of metal used as an anchor.One end of the fence wire is wrapped securely around the deadman, which isthen buried in the ground where it can serve as a permanent anchor. Theillustrations following give a clearer idea of the use of the deadnan. 
A sloping trench is dug as shown. The fence wire is placed around a rock orpiece of metal. About midway along the wire, between the top of the post andthe deadman, a stick is inserted into a loop of the wire. This stick can then be 
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Deadinananchoring a gate post 

-nV--4I: wis 
twisted as necessary to tighten the wire and maintain tension. The deadman isp laced in the hole so that the wire is tight, and there is a strong diagonal pull.The dirt is piled back into tle hole and packed down tightly around the
deadman.
 

The following figure shows one deadinan being used to support two 
posts.The deadman is creating a pull on the posts equal to that being created by thetension of the wire being stretched in the opposite direction. 

Single deadman anchoring two posts. 
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/ ' 

4 \ 
A deadman is not the only way to support a comer. The illustration presentedhere shows how rocks can be used to strengthen corner postsmaintain tension on the wires. 

and help 
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A heavy rock used tofill
 
in aspace through which
 
aninalsinight crawl and
 
to maintainte ion. LOW ti-


A 	 Self-Closing Gate 

Any strong gate that closes tightly is fine. ,A self-closing gate, however, 
even better. People passing through do not have to stop, put down their loads,

is 

close the gate, and pick up the load again before going on. Most important, the 
gate cannot be left open to let animals through by accident. 

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

To Make This Gate: 

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

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

o 	 Strong cord or rope is attached to the end of "C" and passed through apulley. 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.' 

o 	 Hinges, pulley, and weight must work easily for the gate to close proper
ly. 



--
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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 to prevent the pull of the wire fencing from tilting
them. 

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

:, - openin g B ( Post B-- ,----

pos Apulley (attached to 
Post APost F) 

CE 

,\ 	 ,"'\gate opens... 
 rope is attached "along this
 - to end of "C" arc 

weights 

post F 

pivot
 

lag 	screw threads 
U rp u
 

strap hin e (use

2of them)
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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, la-yering, tissue culture, and cutt;ngs; these can be used for different 
pu rposes. There are numerous advantages to using vegetative propagation
methods; among these the most important are that: 

o 	 Seedlings develop rapidly. 

o 	 Genetic origin can be controlled. 

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

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

A few species, such as members of the Euphorbia, Commiphora, and Tcauix 
genera, which can be established on site from cuttings, also respond well tovegetative propagation in the nursery. Other species, which can be rooted in
he nursery andtransplanted to the site once the root system is fully developed,
include: Alhizzia lbbeck, Azadirachta indica, Cassia siarnea, Erythrina
Selncganensis, Ficusgnaphalocarpa,Guierasenegalensis,Moringa oleifera, 
t rosopisjuiJlora,Taniarindusindica, and Ziziphus mauritiana. 

An important feature of some tree and shrub species is that cuttings can be 
established directly at the site wicre they are to be permanently located. This 
saves time and expense by bypassin& the need for initial propagation in the 
nursery. Of particular importance to and areas are species that require relatively
little rainfall and soil moisture. Euplhrbiasand Tanarix 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 to dry out, or their ability to regenerate new roots will be diminished,
if not destroyed. The pots or beds must have both good water retention
capacity and good drainage. The rooting medium should have a high organic
matter content; chaff from rain husks can be added to the soil mixture for this 
purpose. Cuttings started in the nursery are often initially shaded to reduce 
moisture loss as well. 
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it is inpoilanz to adhere to specific procedures for selecting the plant material,a1d lpearing mhe cuttings. If the prescribed methods are no followed, survivalresl's may be lisappointingly low. 

Plant Material Collection 
The age of the plant material is a primary consideration in collecting cuttings.Rooting responses in plants are controlled by hormones and auxins. 'hejuvenile tissues of some plant species show more active rooting responses thanthose ofolder stens. New growth should not be used for cuttings, however,'Is onily Wood that has One ILIl year's growth will have buds that will developdituring the rooting process. 'he optimal diameter for plant material selectionwill vary with different species, but is generally within thle range of' l-2cin.Stenis that lessare than lcm in diameter ;ilnot usually give goodreeneration results. 

l leahhy, vigorously glowing specimensdescribed should be selected. The criteriain Chapter 0 under the heading of Seed Tree Selection, can also beapplied to tile choice of genetically appropriate parent trees for cuttings. Thegenetic origin of' tie plant material is even more important iii vegetativereproduction thanIin propagation frotm seeds, because the individual parenttrees are cloned. 'lle reproduce(] seedlings have the identical genetic makeup asthe plant fron which the cuttings are taken, unlike offspring front seeds, whichwill inherit only some oft i characteristics of the seed tree. 
CLttings should be taken from dormant plants, so collection of plant materialnormally takes place during the dry season. Teli steis should have severalbuds that have not yet begun to swell or open. A sharp blade should be used toget a clean cut. It is often a good idea to mark the root end of' tile cutting insome manner, so that it will not be accidentally inserted il the ground upside(lown. To prevent cuttings from drying out, store them in plastic bags and
protect them from the sun 
until they can be planted, preferably as soon aftercollection as possible.
 

Sometimes cuttings are treated with snlthetic substances that stimulate root
formation. This is done by dipping tle end of the cuttin,
solution before placing it into the ground. Although rootin 
into the roting


solution can
improve overall plant response, they ai,, not required for manyspecies.
 

Preparing Cuttings 
Just before placing the cuttings in pots or beds, remove about lcm of steinfrom the root end of tile cutting by making a clean diagonal cut. This is done torenmove tile tissues that have been exposed to the air, and that consequently areless likely to regenerate. Ilie freshly cut stem can then be placed in tie g roundor in pots, with 5-10cm above ground. It is important to make surecuttings are completely surrounded by soil, with 

t at the 
no air pockets. 
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Preparing Cuttings for Planting 

........ ..............
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Planting Cuttings 

Shallowv Planting
The following p rocedure was developed under a project in Niger for on-site 
propagationof Euphorbiabalsarniferacuttings. (Government of Niger, Project 

o Length of cuttings: 50-100cm 

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

o 	 Provenance/Variety: The natural vegetation found on dune soils will be the 
best source of plant material for dune stabilization efforts. 
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o Depth of hole: 30cm (minimum depth: 20cm)o Other impoliant requirements: Cuttings must be planted at their final loca
tion no later than 24 hours after they have been cut from the parent plants.To stimulate latex flow, cut a few centimeters of the base of the stem with asharp blade immediately before placing it into the ground.
 

o 
 Seasonal limitations: There are two periods durinj; the year in Niger duringwhich the best response to propagation from cuttings was observed: 
--November to February (coolest months) for all cuttings;--Ma to mid-June (hot period before rainy season) for young stemso nly .st 

m 
o Spacing: i-or complete area coverage, a grid pattern of 2m x 2m (shownbelow) has given good results at several sites. For establishment of livefencing or for the construction of wind-baffles for dune fixation, single ormultiple rows of cuttings are laid out according to the diagrams bow: 
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Deep Planting
Another technique for establishing plants from cuttings directly on the site isthe deep planting method. Dune afforestation with tamarix cuttings has beenquite successful where the following procedures have been used: 

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

o In the bore holes where moist sand is encountered, insert a tamarix cutting
deeply in the hole. Cuttings up to 2ni in length have been tried using this
method and early rooting and survival results have been over 80 percent. 

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

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

I-s A 
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Organizing Planting Operations Using Cuttings
A well organized plan of operation is necessary to ensure that the work can becarried out efficiently, following the correct procedurespropagation. This plan should include the following elements: 

for vegetative 

o Coordination of crew assignments, vehicle and equipment needs,collection of planting material, and pianting operations 
o Training of work crews in how to collect and prepare the cuttings, plantingmethocs, and proper spacing. Work crews should be fariliar with theplanting site and should be instructed in the plan of operation. 
o Location, size. and extent of the natural occurrence of the planting stockmust be surveyed. 
o Once the stems have been cut, they should be planted with as little delay aspossible, at least within 24 hours.
 
o 
 Although the actual planting process is simple, quality controls are necessary for good survival. In the case of Eupiorbias,for example, failure tomake fiesh cuts at the base of the stem, to dig deeply enough, and tobackfill properly, .:an result in high mortality rates.
 
o 
 Initial efforts should not be overly ambitious, especially when workingwith a crew that is not highly experienced in propagation techniques.
Other vegetation can be introduced along with the cuttings, to achieve as closeto complete vegetation cover as possible. The following species and methodsare suggested: 
o Panicumturgidum: this drought tolerant grass can be direct seeded usingthe same methods as for miJlet or sorghum. 
o Cassisoccidentalis:this sturdy plant is sown in pockets or broadcast. 
o 
 Balanites aegyptiaca,Acacia raddiana,Leptadenia pyrotechnica, and
L. hastata:these and other indigenous trees and shrubs can be seededdirectly or raised in pots and transplanted at the site. 

Harvesting Methods 
Many of the tree and shrub species mentioned in this text have the capacity toregenerate new rowth from stumps, roots, or branches after being cut. Thissurvival mechanism probably evolved in response to fires and drought. In ardareas where it is sometimes difficult to re-establish trees once they have beencut, this adaptation is a particularly valuable characteristic. Wood products can 
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be repeatedly harvested from such trees and shrubs without destroying the
plant. 

The time of year that cutting or harvesting occurs can influence the sproutingresponse. Generally it should take place while the plant is dormant. Species ofEucalyptus seem to be fairly flexible as to the time of haivest, but moreresearch is needed to determine the optimal cutting period for these and ot:ier
species. 

The tools that are used to harvest the stems and branches may also affect theplants ability to send out new shoots. There are some indications that saws,especially chain saws, may damage the cambial tissues to the extent thatsprouting is inhibited. Macletes or axes, which may give a cleaner cut, andwhich are in any case more widely available in rural AfPi.ca than saws, may bethe 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 throughsprouting. The ones that are described here include coppicin, poll din ,lopping, and pruning. Because these terms have been mentionedelsewhere inthe text without being defined, short descriptions of each technique are
provided below. 

Coppicing 

This is one of the most widely used harv sti:ng methods for arid land species.When the main stem has reached the desire'J dimensions, it is cut at the base ofthe trunk. New shoots develop from the stump or roots. These shoots aresometimes referred to as suckers or sprouts. Only three to four of the mostvigorous 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. Thelength of the rotation depends on the size of the s- -cific wood products that areneeded. Some species, such as Leucaenaleucocephalacan be coppiced on ayearly rotation for more than 30 years in more humid zones. Eventually, afterseveral harvests, sprouting vigor will diminish, although this period of viability
varies for different species. 

Coppice harvesting is a particularly suitable method for production offuelwood. Coppicing can also be use dto increase the density of windbreaks.Most Eucalyptus species and many members of the legume family as well asmost naturally occurring shrubs (Combretaceae,Terminaliae,etc.), can beharvested by coppicing. 
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Pallarding 
With this harvesting system, all of the branches-including the top of the tree-are removed, while the main trunk is left standing. After the branches are cut,new shoots are allowed to sprout from the main stem to form a new crown.The main stem continues to increase in diameter, although not in height. Whenthe tree loses its sprouting vigor, the main stem can also be cut for use as largediameter poles. An advantage of this method over coppicing is that the newshoots are high enough off the ground that thev out of reach of mostgrazing livestock. 

are 

The neem tree, Azadirachait kisbranches 1sually harvested in this manner, and itscan be used for poles, fuewood, and toothbrushes. Because it iswidely planted as a shade tree, pollarding is usually more appropriate forneems than coppicing. Neem trees can be pollarded as often as twice a year;however, it is important to allow the tree to become well established before thefirst cut. Some other species that also respond wellEucalyptus spp. and Grevillearobusta. 
to pollarding include 

Lopping
 
Lopping is 
a form of harvesting in which only someremoved. Usually the lower branches of the branches areare cut, while the upper part of thecrown is allowed to continue to grow. New branches then resprout along thelower portion of the stem. This harvesting methodshading when trees are can be used to reduceintercropped with other species.the cutbranches are used for a vanety of products. 

As with pollarding, 

Lopping can also be used to shape a main trunk with a long, clear bole, if thepurpose is to produce wood that can be sawn into planks. In this case any newshoots that sprout from the trunk should be removed to prevent the formationof knots in te wood. Branches and shoots should be trimmed as close to the
mai 
stem as possible. 

Pruning 
Pruning, as a harvesting system, usually involves the removal 
 of smaller
branches and stems, but these clippings can constitute a major source of woodfor fuel and other purposes. Pruned branches are also used as a mulch betweentree rows in alley cropping systems. 
Pruning is often required for the maintenance of fruit and forage trees, alleycropping, and live fences. For fruit trees, pruning is undertaken to stimulatefruit production and to o en upfacilitating harvestin 

s ace in the center of the crown thusof the fruit. The same principlesencourae leaf formation for production of forage. Pruning 
can be applied to

the bushiness of trees and shrubs when they are planted for live fencing. 
can also increase 
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Appendix A
 

SPECIES IDENTIFICATIONS
 

This appendix identifies 165 of the species found inWest African
lands by pictures, Latin names, and common names. 
 Synonyms (other
Latin names) for a species, common names inup to 12 languages,
and some very brief notations on uses of a species are given where
this information isavailable; it isnot intended to be definitive.
All the species which appear inAppendix B,where further information isgiven, 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
items should be recognizable. There is no consistent scale
relative to life-size. Illustrations are drawn from Flore Forestiere Soudano-Guineenne by A.Aubreville, Flore Illustree duS gal-and Flore du Senegal by Jean Berhaut, West Afrcan Treesb•yDI'7D. Gledhill, 
and Trees for Vana Mahotsava by S.T3Sth7

M. B.Raizada, and M. A. Waheed Khan. 
 The artists are J. Adams,

M. J. Vesque, Jean Berhaut, Douglas E.Woodall, and P. Sharma.
 

A NOTE ON LATIN NAMES
 

The genus and species of each tree appear inboldface type

(genus first, species second).
 

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

"var." means variety. 
The name of the v.riety appears in

boldface immediately following the abbreviation "var."
 

An abbreviation of the name of the author of the variety

name follows the name of the variety inlighter faced type.
 
"L." isan abbreviation for "Linnaeus,' 
a Swedish botanist
 
who initiated the development of this present, widely used
 
system of nomenclature.
 



Drawings inthis appendix are reprinted, with permission, from the
following sources:
 

Aubreville, A., Ftonte FueAtie SoCudano-Guinien 
 Paris,
Societe d'Editions Geographiques, Faritimes et Coloniales,
1950.
 
Artists: J.Adams, M. J. Vesque


Berhaut, J., F'to.e lIu&6e du Stngat, Direction des Eauxet Forts, Government du Sndgal, 1975. 
Artist: 
J. Berhaut
 

Gledhill, D., Ve{t A64.t= T~eeA, London, Longman Group
Ltd., 1972.
 

Artist: Douglas E.Woodall
 



1. Acacia albida Del. 

Chev. 

FULANI 	 tialki 
HAUSA 	 gao 
KANOURI haragu
 
MORE zanga
 
SONCHAI gao
 
WOLOF cadde
 

' 

2. Acacia ataxacantha D.C. 

BAMBARA bonsonl DJER4A 
sofakauenl HAUSA 
korr 

Also see APPENDIXB 

SYNONYMS:
 

FaiiEA.UA atUb& (Del.) 

kac )2VOCaApa Hochst.AwcA jac.chaA Benth. 

ENGLISH 

FRENCH 
ARABIC 

CHAD ARABIC 

BAMBARA 

JWEIRA 

kougou 
goumbi 

9.o 

gao 
harraz 

craza 

balanzan 

gao 


Use .for live fences, posts, firewood, 
fodder (valuable), branch fencing 

3. Acacia caffra Willd. var. campylacantha Aubr. 

Also see APPENDIXB 

SYNONYMS: 

Acael cfmptaca1ntha Hochst., ex A. Rich.
 
Ac cJa cat chu W.
 
Agcla poLtycnthtt Willd. 


(Hochst.) Prenah
 

CHAD ARABIC al guatter 
BAMBARA kuroko 
FULANI fatarlahl 

subsp. campytzn.thAt 

HAUSA 	 karo
 
tserkakla
 

KANOURI golawal 
MORE 	 guara 

http:FaiiEA.UA


Op 

4. Acacia dudyaoni Craib. ex Hall. 

AeaCda A"gtvar. 4am-Yaj Rob. 

5.Acacia farnesiana Willd. 

th.Schwf 
flava (Forsk.) 

Acacia 

k~6. 
DJEa4A tarnal HAUSA tlm~t 

Panne
 



7. Acacia gourmaensis A. Chev. 
not Illustrated
 

IDRE 	 gonpon le II 
gonsablega 

Like Acacia meea eui In East Africa 

/8. Acacia hebecladoides Harms. 

9. Acacia Into R. Pr. 

SYNONYM:Aceia tAetani A. Chev. 

WERRA danngha HAUSA akovle 

10. Acacia macrostachya Reichenb. 

BAMBARA ouenldle FULANI chldl,

kordontinio 
 patarhaml
 
mbourour MORE karedega 

DJEIRA goumbl guembaogo 

Use for edibi seeds, leaves to graze, Ilvo fences,
 
posts, firewood, fodder (valuable), branch fencing
 



11. Acacia macrothryss Harms. 
SYNONYMS:
 
Ac"-i datdZZW Crulb. 
4.a P-.-ihwb jnt Stapt.

IAca"ea 	 buchaaniwuLHarm~s 
KANc*JRIgardays 

12. Acacia penrwat Wilid.

13. Acacia raddlaita Say!. 
SYNONYMSt 
AC1
4aa tOAVU4 Hayne 

CHAD ARABIC 'oaae 
 FULANI 
 Chiliuki
'9.BAWBARAsaYGla HAUSA 
 kandlill
 
DJEIR4A bissau KANOURI kandil 

i-:7
 



14. Aiacia scorpioides (L.) var. nilotica (L.) A. Chev. 
Also see APPENDIXB 

SYNONYMS:kdA uitUotl (L.) WIIId. 
gAimoM nitotiw L.
 
A adA aAa-,t~c (Lam.) var. n otoA (L.) Benth.
 

FRENCH gonakler DJEFRA bani
 
CHAD ARABIC sunta, charat, FULANI gaud[


sonot, sunt HAUSA begarua
 
BMBARA barona MORE peguenega
 

diabe
 
boIna
 

Found In lowlands; near water or Inmoist soils
 

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

SYNONY4: Acadia ada.'on Gull. & Parr. 

FRENCH gonaklar DJEiRMA banl
 
CHAD ARABIC sunta, charat, FULANI gaudl
 

senet, sunt HAUSA bagarua
 
B iARA 	 barana KAlOURI kangar 

diabe klssau 
boins MORE peranonga 

Feund In highlands, Indrier envlronaents
 



VAr. 

16. Acacia senogal (L.) Willd. 

Also see APPENDIXB 

SYNOIYN: Ac ,a vuAek Gu Ill. & Perr. 
ENGLISH 
 gum arabic 
 FULANI
FRENaI 
 gorler
CHAD ARABIC asharat 
 HAUSA 


kltr el ablodBAMBARA KNOURIdonkorl 
 MORE 

DJERIMA 
 denya
 

Source of gum arabic
 

17. Acacia sayal Dl! 
SYNONYRS:AucJ. AtOcaAqX Hochst. 

AcAcaujboboc,:t;. 
CHAD ARABIC 
talhaye HAUSA farln kaya
BA RARA segnio 
 KfIOURI karamga
RJEIA 
 sayklro MORE 
 gompelaga
FULANI 
 bulkl
 

Use for flrewood, fodder 

dibehl
 
patukl 
dakworo
 
kolol
 
gonlmmniga
 



18. Acacia sieberiana D.C. 

Also see APPENDIX B 

SYNONYM4S: 

Acea 	 uteAa~V~ Schvelnf. r.XAcaci 	 ,z,.nguinea I & Parr.
Gum. 


AdCia Achmvi n a 

Acr h1nAChe
1m1/Acacia 	 v moen&L
Acacia naa Schwelnf. 

FULANI 	 gle daneji
 
HAUSA 	 boudjI 

dushaLJ~_KANOJR IN9 	 AcacialteocrpaHohstkataioguU 

19. 	Acacia rtenocarpa Hochst. 
var. chariensis A. Chev. 



20. Adansonia digitata L. 
Also so APPENDIXB 

ENGL ISH 
 baobab 
 FJLNur 
hokkt
FRENCH baobab HAIISA '.aCHAD ARABIC 
haher KANO,, %tDJ ARE"PRE SIto t.'ga

JEIRIA 
 konlan
 

Use for edible loaves and fruit, bark

for fiber products
 

21. Adonium obaesum (Forsk.)
Roem. et Schult. 

SYNONYMS:Adentum wwtbije, Pa I. f.
Adeni.w

1, coetaeu Stepf.
Adeum hongkt . x 

CHAD ARABIC 
kuka meru
 
BAMBARA
 

&4Y0RE 
 foukala sltandl
 
kongosita


FULAN I 
 lok!peourl
 
HAUSA 
 karya
 

http:Adeni.w1


22. Adina microcephala (Del.) Hiern. 

HAUSA kandanyarrafI
 

23. Afrormosia laxiflora Harms, 

FULANI palahl MORE 
tankonlilga
 
HAUSA makarfo
 



24. Afzelia africana Smith 
FRENCH lingua HAUSA kawo
 
DJE4A kao KANOURI ga

FULANI gayohl MORE kankalga
 

V A25. Albizzia chevalieri Harms. 
Also see APPENDIX B 

CHAD ARABIC ared 
 HAUSA katsarl
 
- BAMBARA golo fri KANOORI tsagle

0 FULANI Jrlchl 14RE 
 ronsedonga
 

n,/ebal
 

Us for fodder, construction, roots to repair gourds 

26. Ampelocissu$ grantli (Bak.) Planch. 

HAUSA rogon daj,
 
FULANI gufugafal
 

-. / 



27. Anacardium occidentale L. 

Also see APPENDIX0 

Us. for edible 'ut (valuable),
 
firevood, constructlon, soil
 
resneratoni
 

28. Anclomanes difformis not Illustrated 

HAUSA cakara KNOURI gazamenjel 

29. Andira inrmis H.P. & K. 

FULANl daluhl
 
HAUSA madobla
 

gwaska
 
MORE ouenlebende
 



31. 	 Aflogoissus lelocarpus

Guill. & Perr.
 

Also se APPENDIX B 

SYNOM:h
 

AmoaleZJusA khqiw Hochst. ox 
Hutch & DaIz. 

CHAD ARABICsahab
 
BMAiA kraete 
DJERMA gonga
FULANI koJoll
 
HAU.SA 
 maiks
 
KANOURI annum 
WOAE sigha

plopa 

p 	fogs
 

30. Annona sonegalensis Pers. 

CMA ARABIC um boro 
B&MBARA sunsun 
DJEIA moupaFUIL.ANI 
 dukuhl
 

HAUSA 
 gouando
 
KANOURI tlssa 

ngonowo
 
MOR' 
 baklkudiga
 

/
 



32. Azdirachta indica A. Juss. 

Also see APPENDIXB 

NeemENGLISH Now FRENCH 

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

33. Balanites aegyptiaca (L.) Del. 

fl . Also see APPENDIXB 

I 	 CHADARABIC haJIIJ KANOURI chlngo
BAMBARA seguene blto
 
DJERMA garbey MORE tlegal Iga
 

FULANI tannI 
HAUSA edoua
 

Use for edible fruits,
 
firewood, tool handles.
 
soap, polsor, 

34. Bauhinia reticulata D.C. 

Also see APPENDIXB 

SYNONYMS: 	Bauhlia gaA A. Chev. 
Bauin a gtaucA A. Chav. 
P,.oAtinn itt am (D.C.) Hochst. 

CHAD ARABIC harum HAUSA calgo 
BAMBARA nlamaba KANOURI kaldul 
DJERM.A kosseye MORE barani 
FULANI barkevl 

Use for smklng wood 



36. 	Berlinia grandiflort lAhl
Hutch. & Dalzi 

HAUZA raf i 

35. Bauhinla rufascons Lam. 

SYWOtY1S.
 
8-hijnjn adanwou-ana,Guili. & Parr.BauAinia pdau 60W. Hloc"51. 

CHtADARA131Cktuiekufa
 
BAMBARA~ 
 guespfr,

DJEIRtA narnal 
FUiLANI 
 nafrnl 
HIAUSA dirge
KANOURI 
 sisi
 

MOE 	 tipoega
 

Uso for firewood, 
mledicie
 



37. Bombax buonopozense Beauv. 

ENGLISH kapok tree 
FRENCH kapokler
 

Use for kapok
fiber - not as
 

154, this ap
pendix, and 
appendix B) 

'39
 

38. Bombax costatum Pellegr. & Vuillet. 

SYNONYM:Boabx it.mnew Ulbr. 

ENGLISH kapok free DJEWA forogo
 
FRENCH kapokler FULANI kuruhl 
CHAD ARABIC Johe HAJSA kurle Use for kapok, 
BAMBARA zownbou KANOURI yelta edible leaves 

NODR ouaka 



40. Boscia angustifolia A. Rich. 

BAMBARA	diebe 
gulInadlou 
toutIgul 

FULANI anzagl
 
HAUSA agajIni

KANOUR!marga 
MORE 
 kisinkinde
 

39. Bora-sus ethiopum Mart. 

Also see .jt'UDIX B 

SYNONYM: 

BoW&aAdua~a~~4 var. 
at ox CMart.) Warb.
 

FRENCH 
 ronler 
CHAD ARABIC delob
 
DJEWIA sabouze 
FULANI dubbl 
IIAUSA gigunla
KANOURI 
 gangs


keme tutu
 

Use for termite-proof posts for
 
construction, fences, etc., 
loaves
and "stems" for fencing relnforement.
 
Slow growing.
 



41. Boscia salicifolia Oiv. 

CHAD ARABIC mahkel
 
HAUSA zoure
 

Use for edible loaves
 

42. Boscia sanegalensis Lam. 

CHADARABIC hemnet-moheb 
BAMBARA bero) dl Io
 DJERMA orba 

FULANI 9LIguIlI
 
HAIJSA enza
 

dielow
 
KANOUit bultus
 
mORE nebedega
 

lamnbolga 

Use for construction, edible fruits
 
and seeds
 



43. Boisellia dalzielli Hutch. 

.z FULANI andakehl KNUIIi ua 
. HAUSA hano 
 KA O R a ldukan
 

-44.
 

44. Bridelia ferruginea Benth. 
BAMBARA 
baboni 
 HAUSA 
 kIrnIsagua KV*URI z ndl
 
FULANI 
 narent 
MORE tansaloga 

Use for firewood, fodder
 

45. Burke° africana Hook. 

cHAD ARABIC azrak an°
 
FULANI 
 kokobi
 
HAUSA bakln-ankarfo
 
PORE slenra
 



46. Butyrospermum parkii Kotschy 

Also see APPENDIX B
 

SYNONYM: ,toapeAs m parndoxum (Gaortn. f.) Hopper 

ENGLISH shea nut tree FULANI karehl
 
FRENCH karite HAUSA 
 kandanyo

CHAD ARAdIC um kurum KANOURI toso
 
DJEIWA boulanga MORE tanga
 

Use for shea butter, hard wood for mortar
 



47. Cadaba farinosa Forsk. 
CHAD ARABIC 	slrreh
 

BAMBARA 	 berekunan
 

toinba
 
HAUSA 	 bagay
 
KANOURI 	 rdrga
 

48. Calotropis procera (Ait.) Dryand 
CHAD ARABIC 	rhalga

BAMBARA 	 fugolrl 

ngounyo
FULANI 	 bambaml 
HAUSA 	 tumfafya
 
KANCURI 	 kayo
 

Use for construction
 

49. Capparis corymbosa Lam. 
CHADARABIC mardo
HAUSA 
 haujarl-mutane
 

KANOURI p1do
 
damsa
 



50. Capparis tomentosa Lam 

SYNc*IY
 

Ca~pu"Z po4tyrwApha A. Rich. 

CHAD ARABIC gulum
 
HAUSA haujarl

KAOJURI zajI
 

Use forfodder
 

51. Cmian siamea Lain. 

Also seeAPPENDIX B
 

rRFIo: cassla 

Use forwonstruction,
 
firewood, wlndbrek
 



53. Cassia s gueana Del. 

Cal4i.apgote Fres. 

CHAD ARABIC shadaret-


FULANI 
 rumfuhI
 
wabilIhl
 

MAUSA rumfu
 
KANOURI tugulele
 
MW0R gu leonsgo 

Use for fodder, firewood 

52. Cassia sieberiana D.C. 

CHADARABIC slrelh 
SAMARA 
 slnla
 

slnedlan
 
WJERRA 
 samtur I 
FULANI malagahl 
HAUSA 
 valga 
KANDURI 
 badfn zlkkl
 

MORE 
 koiI sake 

Use for hard firewood 



/ - / I54. 

V 

E5. Celtis integrifolia Lam. 

CHAD ARABIC ebun gatu 
BAMBARA gaua 

kamaguan 
FULANI gankl 
HAJSA dikki
 

zuwo 
kouka
 

KANOURI nouke 
MORE tIntigellga
 

Use for fodder, firewood
 

Ceiba petandra (L.) Gaeiin. 

Also see APPENDIX B
 

SYNONYM:
 
Eodeduom oeyttate 

ENGLISH silk cotton tree
 
FRENCH fromager 
CHAD ARABIC rum 
FULAMI bantahI 
HAUSA rimi 
KANOUPI tom 
MORE gunga 

Best source ot kapok fiber 



56. Ceratotheca sesamoides Endl. 
-\ -FU 
 LANI wan ko
 

HAUSA karkashI 
KANOURIkembulubul 

57. Cochlospermum tinctorium Pert. j 
CHADARABIC maghr
FULANI 
 Jarundal
 
HAUSA 
 rawaya
 
KANOURI mesauwe 

58. Combretum-- aculeatum Vent. 
,BAARA ouolo FULANI bularal
 

koitl oualoWERMAW bouboura HAUSA bubukya 
NRE kc$ltamblga 

-



39. Combretum binckirianum Kotschy 

60. Combrtur ghasalense Engl. & Diels 

I YNONYM: d 

Combretum glutinosum Perr. 

CHADARABIC hebil HAUSA taranya
 
BAMBARA demba KANOURI kategar
 
DJEMIA kokorbe MORF kwenga
 
FULANI buskl
 

Use for gum, firewood, chercoal 



62. Combretum glutinosum var. palsargei Aubr. 

HAUSA taramnya 

4'
4 
 Use for flrevood
 

63. Combretum hypopilinum Diels 
HA U S A J a n . ' 

taramnya
 

.~ 64. Combretum lamprocarpum Diels 
'A . -. 

SYNONYM:Combum vettirn 

HAUSA taramnya 



/ 65. Combretum micranthum G. Don. 

BMMARA kolobe HAUSA glaza 
DJERA 
FULANI 

koubou 
1"o111 

MORE landbga 

Use for hut sticks, medlclne, 
gum, firewood 

66. Combretum molle R. Br. 
ax G. Don 

SYNOY S: d77 
ve.Lritinu.lD.C. 67Mbo\</. trtum i 

Comb koddrlln 
CombAe.tLu1teener.6s. 

DuEd 
V 

66. 

FULANI dIooruhi , 

HAUSA usyrndaho 

- - 67. Combretumn nigricans Leprieur var. elliotli Aubr. 

CombAe.tOi,tecananthum EngI. & DialIs. A 

BAMBARA 
DJEWA 

dingar\ 
delignia 

I 
FULANI 
HAUSA 

dokigori 
dagers .--. 

MIRE kueehtuaga/ 

4N 

,'I 



68. Commiphora africana (Rich.) Engl. 

SYNONYM: Pat6d-d. m A,,.I
udetot ia Rich. 

CIAD ARABIC 
hbarkat 
 HAUSA 
 dashl
 
gafal 
 KANOURI
FULQI kabi
badadl 
 MORE 
 kodemteboga
 

Use for IIvc fences
 

69. Cordia abyssinica R. Br. 

SYNONMS: C0oi4 d~ciaZfj Lam. 
C04&a uabn9 hojuij Chev. 

CHAD ARABIC 
blrJJuk
ngirli HAUSA allba
KANOURIaluba
 
FULANI 
 IIIb nI
 

Use for edible frut
 

70. Corchorus olitorius L. 
CHAD ARABIC 
mulckhlye

HAUSA 
 malafya

KAOUURI 
 ganza Ino
 



j6 

71. Courbania virgata Brongn. 

SYNONMS:
 
Coubonia p4!udor-tato~a GI g. & Ben. 

\I. eaminpatudoPChO~Ad (Glig.)de Wolf 

HAUSA l8ab
 
KANOLJRI kumkum
 

72. Crataeva religiosa Forsk. 

SYNON4YM:C'w~feva aaNonLZ D.C. 

CHAD AkABIC debker
 
FULANI I nd m banI
 
HAUSA ungududu
 

goude 
KANOURI ngulldo 
MO3RE kaeleganl-tohlga 

73. Crossopteryx febrifuga Benth. 

CkO.64optejti jLCM BIB,Imi. 
Cw~cAopteAyx kotdAyala renzi. 

BAM4BARA	beilnIba PA'.SA kesflys
 
klenke I'.PE kwrononge
 

FULANI 	 brakoll
 



74. Croton macrostachys Hochst. ex A. Rich. 
SlYC4NYMI:C--n ornb".j muoll. 

CHAD ARABIC 
 deopa

HAUSA 
 knrlba 
KANOURI 
 morouvro, 

75. Cussonia barteri Seem. 
-,


SYNONYMS:Cuo04 
 'UgeA ~)~
Cu4,.on . c. Hutch.jafrn j,,jj 

' 

CHAO ARABIC bulukunt.
DJERNA 

FULANI 
 karebanga


bumarlah 

i
HAUSA 
 takandar-glwa
 

76. Dalbergia sissoo Roxb. 

00b 



77. Daniella oliverii (Rolfe) Hutch. & Dalz. 

SYNOtlY14:P.dantie(a oiLve.2 Rolfe. 

FRENCH santan 
CHAD ARABIC samelm 

IDJEA fermey 
FULANI kaharinhl 
HAUSA majo 
KANOURI majo 
WOPE honga 

78. Detarium microcarpum,1" Guill. & Perr. 

79. RNDtarium senegalenseo Gmel. 

FRENCH ,itroda 

CHAD ARABIC abulelle
 

FULANI konkehl
HAUSA taura
 

KANOURI gatapo
HDRE kegtega 

Use for drum-wood 



80. Dichrostachys glomerata (Forsk.) Hutch. & Da~z. 
SYNONYMS:ViC toeotichY a,bo,A N.E. Br.

V', 4tachyA C.nitW (L.) Might & Am. 
D'1-M0AtachY6 -duAA Benth. 

.ieMohtzfls ptalyca.pa Welw.GaZII*, dU'rstalY GuII. Parr. 
CHAD ARABIC dhiglngap HkUSA 
 dundu
BA6ArA gliki-goro 
 KANOURI garbInna


ntlIlgul 
 MORE sunsutiga

FULMI 
 buril
 

Patruiekl
 

Use for thorn fencing, medicine, root fibers
 

81. Diospyros mespiliformis Hochst. 

CHAD ARABIC Jukhan
FULANI HAUSA kanyan
nl'bl 
 KANOURI burgum
 

Use for edible fruit, firewood
 

'[C> 

http:ptalyca.pa


~j~i~~7 83. 
82. 

82. Entada africana Guill. & Perr. 

83. Entada sudanica Schweinf. 

Also see APPENDIXB 

CHAD ARABIC dorot HAUSA tawatsa 
BAMBARA dlamba KANOURI falofala 

FULNmI 
samanere 
fado-wanduhI 

MORE s1anlcgo 

Use for firewood, medfcine 



84. Erythrina senflalensis D.C. 
8BAM.RAHS tlmeba 

lerung
USA / madjlrya 

85. Eucalyptus camaldulensis Dehnh. 
Also see APPENDIXB 

Euc~PtUs 40btata Schlocht. ' 

86. Euphorbia balsamifera Ait. 

SYNO": Eup/w4bJa 4oek N.E. Br.EtLphAb& 4ePiwua.E. Br. 'N 
FULANI 

yaro 

magara
HAUSA agouaKV4OURI yaro/ 

finegara 

Use for Ilve hedges 

I
 

2 



87. Ficus gnaphalocaepa A. Rich. 

SYNONYMS:
 
Ficu 4hyomoflt L. 

r, AJti'a .y/tta Fenz I. 
GCwou cAt.,ata Warb. 

CHAO ARABIC lamelz HAUSA baoure 
al ablad KANOURI tarmu 

BAIBARA nituro toro nttoro 
obbo
JIvI 

FULAN I ylbe
obbi 

MORE kankanga 

Use for edible fruit, medlcine, bark
 

88. Fiezi,. :- Miq. 

SYNOJYHS: 
Ficu6 kxauuAHutch.
 
FZCuA &tu., Yah. 

BAMBARAturu 
HAUSA kawurl 
KANOURI busugu
 
MORE kampsera-ranga
 

*89. Ficus iteophylla Miq. 

SYNONY4S: 
Fi.w bongoetAL Warb.
 
FicaA zpuqguenw~
 

FULANI sekehl
 
HAUSA shlrya
 
KANOUR nja-nJaI 

Use for firewood
 



SO. Ficus platyphylla Del. 

SYNONYMS: 
Ftd"6 biMaaea&Wnrb..U 46 WuM0sa Warb. 

CHADARABIC Jamelz 

*1 8hmaharBMBARA nVkobo
FULANI dundehl 
HAUSA gamJ

KANOURI ngabara 
MORE ke psaogo 

Use for shade, WedIcine 

91. Ficus polita Vahl 

r SYNONYMlS: nmiamtnai4 W1rt,.Fi-u 

FiCUA Atoe Aphon Werb. 
Ficud AY)Unyioti Wart,.
Fiews ayigoideA Wart,. 
CHlADARABIC djImeImb HAUSA durumi 

ezrak 
 KANOURI 
 rit
FULANI 
 Iltahl 
 MORE 
 pampnga
 

92. Ficus thonnirgii Blume 

CHADIMAIIC jamelz IIAU!PA tchedla
 
BKAIA 
 *i abled KANOURI Jejadubale CrE kus'a
FULANI biskehl 

Usefor ifdicine 



93. Ficus vallis choudae Del. 

SYNONYM: Fie4 ajueinu4th&MIS 
MAUS). dulu 

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

SYNOHYMS:
 

Ftug9eA n~emptta Blume 
Ftuggea Vuo.,oaBuch.-Ham. ex Wall. 
Secw tga m!. .lM (Blume) 

Pax & Hoffln 
FhYtanthuA ViAOAuARoxb. 

KAUSA dghirto
 

KANJOfRI shim sim
 

74-1 



95. 	Gardenia erubescens 
Stapt. & Hutch. 

CHAD ARABIC 
am mlfIfene
 
BARBARA 
 Wbure
 

mussema 
DJEIMA 
 sinesan
 
FULANI 
 dingall
 
HAUSA 
 gaoude
 
KANOURI gursime
gogut
 
MORE 
 tankorah-gonga 


96. Gmelina arborea Roxb. 
Also sea APPENDIX B
 

ENGLISH 
 line
 

Use for dye
 

not Illustrated 

Use for scfl wood (for matches, boxes, etc.)
 

97. Grewia bicolor Juss. 
CHAD ARABIC abesh 
FULANI 
 laloko

KANOURI 
 djfmdJlme
 
MORE 
 1onlaga
 
Use for edIble fruit 


-


98. Grewia flavescens Juss. 

CHAD ARABIC gueddebHAUSA 
 kamanmoa
 
KANOURI kernel 
•NORE somkondo
 



99. Grewia mollis Juss. 
CHAD ARABIC ghabbesh HAUSA dargara

BAMBARA nogo nogo KANOURI karno 
FULANI kelli MORE munimuka
 

Use for salt from ashes 

100. Grewia villosa Willd. 

SYNONYM: 
Gkwi4 co yti 0ti 

G,,III. L Parr. 

ueesenegalensis11 Lam. 

CAARBIC kaheah
 

BMAAkudlengbe .
 
DJRA saboire
 
FUAI gel okl
 
HUA sahara I
 
KN U I kasasal -

MOE unulga
 

Uefrfirewood, seeds for
 
dyetr inedicine
 



~SYNONYM:102. Gymnosporia senegalensis Loes. 

Maet JU6 fi2e9cn6i6 (Lam.) Excoll 
BAMBARA 	n'gulgue HAUSA namlJin-tsada
 

tole MOM takuvugurl
FULANI 	 tultulde 

103. Hanno& undulata Planch. 

BMIARA 	diofulate
 
FULANI 	bufmvere 

badl
 

HAUSA 	 takandar
 
glwa 

104. Heeria insignis (DEi.) 0. Ktze. 
SYNONYMS.
 
Andtfni,m kijdby J , -. Horhst.
 
RhuL6.imigpAnel.
 

GABARA 	kalekarl 
 HAUSA kashesho
 
FULANI badl MOM 
 nllnore 



105. Hibiscus asper Hook. 

not Illustrated 

FULANI fol lere 
HAUSA yakuwor 

dajI 
,KANDURIkareso 

106. Hibiscus cannabinus L. 

CHADARiC 
FULANI 

till
Ilbe 
9abnl 

' 
HAUSA rama 
KANDJRI ngaLal 

107. Hibiscus esculentus L. 
not Illustrated 

0AD ARABIC 
FULANI 
HAUSA 

bamlya 
takeyl 
kubewa 

KANOUP I nubalto 

108. Hymenocardia acida Tul. 

BAMARAtanloro 
FULANI yowa cotoje 

bodehil 
HAUSA Jcn-yaro 

djan-Itche 

Use for rod-colored 
wood 



109. Hyphaen thebaica W) Mart. 
FRENCH 
 doum FULANI gellohl
CHAD)ARABIC dom HIAUSA goribaDJER1,1A kangou KANOURI kerzun 

Use for construction. edible fruit
 

110. Isoberlinia dalzielil Craib & Stapf. nct Illustrated 

SYNONYM:14obe...jiA tome to4,a (Harms.) Cralb. & Stapf. 

0BARUAW sau 
 HAUSA fera doka
 
rULANI sWlo WRE kalsaka
kbh 

4I - 11. Isoberlinia doka 
Craib & Stapf 

HAULSA doka 

(E 



112. Khaya sonegaensis Jjiss. 

EI4GLISH African "mahogany" 
wRNC caiIcedrat 

CHADARABIC muray
BAMBARA dials
 
DJERM feal 

callI 
HAUSA maddji
KANOURI kagam 
MORE kuga
 

Use for fodder 

113. Kigelia africana Benth. I 

SYNO CkS: 
ILetJA aelhtopie Dacne.
 
et&c~a~".2cana var. _
 

aetlopie4 Aubr. 

CHAD ARABIC kouk 1)FULANI glrlah! 

HAUSA rahnva 
bounl


KA"1 bulungu
 
MOE dlndon
 



114. Lannea acida A. Rich. 
 ,
 
Also see APPENDIX B
 

FULANI 
 IaruhI
 
HALISA farou
 
KANOURI admrezagal 
MORE pekuni 

Use for edible fruit
 

c u.4 , 
 115. Lannea afzelii Engl. 

SYNONYMS. 
9a~~ft~b'l inqi. A1KrauseLarnea g9o46oMji.n A. Cnev.

La"-e 'Uoitcum (Sc. El I.) Keay 

HAUSA daoya 

Use for medlcfne 

116. Lannea humilis (Oiv.) Engi. 

SYNONYMS: 
 LapLne bag .nlALEnlg 


KANOURI 
 kLirubulul
 

117. Lannea oleosa 
 not Illusfrated
 

SYNONYM:Odina acida
 



118. Leptpdenia lancifolia Decne. 

SYNONYM7.S:
 
LepdeLutoA h,ata (Pars.) Decne. 
Cyncitw, Watatim Pars. 

CHAD ARA IC sha'alob
 
FULANI yahl 
HAUSA yadlys
 
KANOURI njora 

119. Leptadenia spartium Wright 

SYNONYN:
 
LfptadiUi pyAotefica (Forsk.) Dec. 

CHAD ARABIC merakh
 
FULANI sabale
 
VAUSA kalumbo
 
KAN(OI karlmbo 

120. Lophira alata Banks 

SYNONYl: 

Van Tlegh. ex KQuy 

BMBARAmana 
IFULAN 	 karahl gorl 

HAUSA 	 nanijIn
 
kadaI
 



121. Maerua angolensis D.C. 

OCAD AA'IC shegara 
BAMBARA bre-bre 

kokall
 

FULANI 
 leggal
 
ball
LiIAUSA 
 clclwo
 

KANOURI abchl 
R kesslga 

Use for fodder
 

122. Maerua crassifolia Forsk.. 

O9DOARABIC zorhalo 
Sarah 

BAM'ARA beredlou 
FULANI 
 SOgul

HAOnA 
 JIga
 
KANOJRI 
 Jigs
 
MORE 
 kasslga
 

Use for tool handles,
 
firewood, fodder
 

123. Menotes keratingii 

FULANI Jangr
 
HAUSA farin rue
 



124. Mitragyna inermis 0. Kuntze 

SYNONY14:
 
UtA gAn, d.iLcauz Korth.
 

CHAD ,ARA IC ngato 
MB4APA dlIoun 
FULA141 kol 
KAUJSA gulJeJa 
K,%NOURI Pawul 

MORE I, Ilog s 

Use for firewood, medicine,
 

fish baskets
 

125. Momordica balsamina L. 

HAUSA garefunl
 
KANOURI dugdoge
 

7% -



126. Moringa PterygospOrma Gaertn. 
$YCNYI: lo'jiga Oteilfa Law. 

0io APABIC allm 
FULANI 
 guligandanI
 
HALSA 
 Zogoianganids

KANL{URI 
 allum
 
MORE 
 argentiga
 

Use for edible leaves 
 /
 

127. Nauclea esculanta 

no1 IIlustrated 

FULANI bakurehl
 
HAUS,, tafashiya
 

128. Nauclea latifoHia Smith 

• '2 



CHAD ARABIC slttelb 
FULANI tabera

HAUSA bado 

130. Ormocarpumi bibracteatum Bak. 

HAUSA 	 fashkara 
glwa 

KANOURI 	 sabram
 

131. Oryza barthii 

not IlIlustrated
 

HAUSA shlmkafa 



132. Ostryoderris chevalieri Dunn 
SYNON~YM:OztAyodwiaj stuht=nUj~ 

(Taub.)Dunn ox Harms.
 

MBAR mussa sana 
fugu


HAUJSA burdl
 

MORE baombanko 

133. Parinari curatellaefolia Planck. 

FRENCH pommler du cayor HAUSA rure
DJERMA 
gumsa 

gawassa
FULANI 
 nawarre-badl 
 KANOURI 
 mando
 

134. Parinari macrophylla Sabine 

FUL.ANInawarre 
HAUSA 
 gawasa
MORE 
 ouamtanga
 

Use for edible fruit
 

I 1LL
 



135. Parkia biglobosa Banth. 

Also see APPENDIXB 

SYNONYHS: 
PFaA Ctpp.Ato ia Keay 
Wmtoza bZq1oboaa Jacq. 
FRENCH nere 
CHAD AR BIC Mal to
 

BAIABARA here 
OJER4A dosso 
FULAN I nsrghl
 
HAUSA dorowa
 
KANOUR; rur.o
 
MORE rouaga
 

Use for edible fruit
 

136. Parkinsonia acculeata L. 

Also see APPENDIXB 

JERM sasa banl
 
HAUSA sharan abi
 
IAJNOURI sharan labi
 

Usu for firewood, live
 
fencihg, wlndbroaks,
 
soil cover
 

137. Phoenix dactylifera L. 
not IllustraTed
 

ENGLISH date palm
 
FPEN",f palier dattier 
CHADARABIC tamral 
FULANI bukkl 

dlblnobl
 
HAUSA dabIno
 
KANOURI difono 



139. Prosopis africana Taub. 
Also seGAPPENDIXB 

P4-4op40Obng Benth. 

BAMBARA guole
 
FULANI kohl 
HAUSA kirlya
 
KANDURI simalm
 
MORE nlurl-segue
 

Use for construction,
 
n harcoal
 

tann Ing 

138. PoulP&aia birrea (Hochst.) Aubr. 
Also see APPENDIx 11
 

SYNONYM:Sct--4 , U". HochSt. 

FRENCI 
 dine 
 HAUSA 
 danya
CHADARABIC horld KANOURI kumaguBAMBARA kuntan 
 MORE 
 nobega

FULANI 
 harl
 

Use for edible fruit,
 
lightwoodworking
 



140. Prasopis juliflora (Sw.) D.C. 

Also se APPENDIX b 

SYNONYMS: S& i, 
PAcopiz dttemiz (Mcd.) Stuntz ~ r 

ENGLISH (USA) mesquite 

Use for fence posts, firewood,
 
lIvefencing, windbreaks,
 
fcdder 

141. Pseudocedrala kotschsli Harms. 

SYNONYM: 
Ctdkn& kofsdsuJ Schweinf. 

FULANI bodo
 
HAUSA tuna
 
KANOUFRikagarokagur,
MORE seguedere
 



142. 	Pteleopsis suberosa 
Engl. & Uiels. 

SYNONYM4: 

Pt.Lop6,j keauti.ngi GlIg. 

HAUSA 	 wyan damo 

Use for fodder 

143. Pterocarpus erinaceus Poir. 
FRENCH 
 vene
 
BAMBARA0labe 
DJERHA tolo
 
FULANI 
banuhl
 

HAUISA madobla 
KANOURI buwa

/ oDRE peanpelaga 

Use for firewood, flowers 
for sauce,.construction 



144. Raphionacme brownii Sc. Elliot 

FUL.ANIfugore ; \ 
HAUSA ruJlya 
KANuRI gadager 

145. Salvadora persica L. 

CHAD ARABIC arak FULANI hlrohl
 
slwek HAUSA talakla
 

BAMl3A hlrlguesse KANORI babul
 
WEW hire MORE Irak
 

Use leaves for stocksalf
 

14. Securidaca longipedunculate Fres. 

04ARABIC aal
 
BAMIA d ota
 
FULANI alalI
 
HAUSA ,,guniuna
 
ANOURI gazaboro
 
MORE Pelaga
 

Use for firewood
 

Li
 



147. Sterculia setigera De. 

SYNONYM; 

CHAD ARABIC shadrel
at
 

al damn

&WJBARA' koko
 

konguran! 
FULANI 
 bo'baI-


HAUSA 
 kukuk?
 

148. Stereospermum kunthianum Chain. 

OWD ARABIC ass
/ 
 BBA PA 
 "ookoio
 

FULANI 
 golombf
 

nlhllnga
 

Use for firewood
 



xp 
149. Strychnos spinosa Lam. 

SYNONYM.S: 
St ycc.ao cow.t Chov. StytchnoA g u timnaGI Ig.
 
StujClUtoA dLIt? Che,. Stydcnoa tokua A. Rich.
 
StAycluwoc (.rnAgtr-, Bak. StychUto voV cmU GI I.
 

BAYBARA kankoro HAUSA koklya
 
FUiLANI kumbija KANOURI tori
 

Uso for edible fruit
 

150. Stylochiton warneckii Engl. 

not I Iustrated 	 HAUSA gwananl
 

KANQURI ngura
 

151. Swartzia madegascaraensis Desv. 

HAUSA gwaskla
 

game fada
 

40.. 



152. Syzygium guineense D.C. 
BAMBARA 
klssa
 
FULANI 
 surahl 

URI ma Iro = 1k.nar 

,153. 

I 


Tamarindus indiaL 

ENGLISH 
 tamaridte
 
FRENCH 
 tama, nlr
 
CHAD ARABIC twr 
 nd
 
BAPSgARA 
 tomb l
 
DJEIRMA bossay
 

HAUSA tsaml! 
KNOURI tamsug 
MDRE Pous Ig 
Use for Juice from

wnodworking, rut 

charcoa 

iV
 



/154. Terminalia avicennioides Guill. & Perr. 

SYNONYM4S: 
TeAmbta~in dictvonwa Dieals. 
Tvtdxaa~ taA.~dU Engl. L Dias. 

BAMBARA 
DJEA 
FULANI 

oudlotlenl 
farkahanga 
bodeyl 

HAUSA 
KANOURI 

MOIRE 

bauchl 
kumanda 
barbar 
kutruagale 

, 
/ 

i 
'." 

. 

, 
/ 

Use for fodder, 
for dye 

fIrewood, roots / 

155. 	Tetrapleura andongensis Wew. 
var. schweinfurthii Aubr. 

SYNONYMS: 
obtuaangatTL04ptwu o Waiw. 

TetWtauM K,&ntA Taub.
 
Ttt4ptfu.. AII!', iu Taub.
 
Ambty 3ono4w. a.ndonqem4j. Wblw. ex OIlV.
 

FULANI JIgarehI HAUSA kirya te maeta 
tsage 

. 9 



- 156. Trichiia emeticd Valh. 

FUUV~Ibalurgh
HAMUSA kaftag 

goriratatlMMDRR 



158. Vitex cuneata Schum. & Thonn. 
Also see APPENDIX B 

SYNONYMS: 
Vtex chaenaiA Chey.
 
Vi t ci.cnko b., Kotschy & Prr.
 
Vitex don=uu Swoet
 
Vitex patudoaa vatkc
 

CHADARABIC 
BAMBARA 

unruguiguh 
sokoro 

FULANI 
HAUSA 

galbihl 
dumnJaa 

koroba KANOJRI ngarlbl 
DJE,,A bo-I MORE anega 
Uso for edible fruit, light
 
woodworking, leavosfor
 
dysonfery inedicine
 

159. Vitex diversifolia Bak. 

SYNONYM:Vu.f.x ,imptitiou. 01 .ol 


BMAA kotoni
 
FULANI bufmh' 
HAUSA dlnyar
 



160. Xeromphis nilotica (Stapf.) Keay not Illustrated 

SYNONYMS:Randra nIoaa Stapf. FULANI glolgoti
£acno6 p.honium itt-tj=u (Stapf.) Dandy HAUSA kwanarla
 
KANOURI bantatal
 

/ 
/ 
, 2 

>// 161. Ximenia americana L, 

SYNONYM: 

CHAD ARABIC kalto 
BA1MBARA. tonkaln 

guaniFULANI chabulI 

MVUSA isada 
KANOURI dadin 
MORE leange 

Use for edible fruit 

162. Ziziphus abyssinicus Hochst. ex A. Rich. 
not Illustrated
 

SYNONYMS:
 
Uzi4phu4 a z z-o'Ln,5 Chev.
 
:UiphLu.4 bagw.mtne Chav.
 

CHAD ARABIC nabaga

DJERA 
 dare
 
FULANI gulum jabI

HAUSA magarla-kura

KANOURI kululu blna
 



163. Ziziphus mauritiaca Lam. 

$SYNONYMS:
 
Uzi.phuA ni t.d Lam.
 

ZiWphut4 o)thaemtthg D.C. 
, ZLsphuA jujubd (L.) Lam. 

CHAD ARABIC nabagale
 
BANBARA tomboron
 

nlama ba
 
l-ULANI 	Ja
 

barkevl
 
HAUSA 	 mgarla
 

KANOURI kusulu
 
MDRE mugunuga
 

begendre
 

Use for sweet edible fruit,
 
loaves
 

164. Ziziphus sieberiana 
not Illustrated
 

HAUSA magerle-kure
 

165. Ziziphus spina christi (L.) Willd. 

Also see APPENDIX B
 

CHAD ARABIC karno
 
FULANI kurnahl
 
HAUSA kurna
 
KANOURI korna
 

Use for edible fruit (bitter) :
 



Appendix B 
A Field Guide to 30 Tree Species
 

C'rmmonl' wound in Africa
 



Acacia albida Del. 

Synonyms: Fai.deAbi atb~da (Del.) Chev. 
Acaa gy&'caAm Hochst. 
Aea.ia .', a'ata Benth. 

Common Names: ENGLISH 
FRENCH 
ARABIC 
CHAD ARABIC 
BAMBAPRA 
DJERMA 

gao 
gao 
harraz 
araza 
balanzan 
gao 

FULANI 
HAUSA 
KANOURI 
MORE 
SONGHAI 
WOLOF 

tialki 
gao 
haragu 
zanga 
gao 
cadde 

Legal Restrictions: Cutting and Removal 

GENERAL DESCRIPTION
 

Large tree, growing as 
tall as lOm with a large spread-out

crown. The bark is dull 
grey, fissured and scaly. Branchlets
 are white; spines are thick, white, straight and point downward. 
Leaves are grey-green; 3-1C pairs pinnules and 6-23
pairs leaflets. 
A. albida flowers with creamy white blossoms.
 
Seeds are dark br-owninside yellow pods which are 8-15cm long,
A. albida is highly valued in conservation efforts. It is
 
te only species which loses its leaves during the rainy
season; therefore, faring under these trees ib 
not only possi
ble but profitable.
 

SEEDS
 

Source: Strong, healthy parent trees.
 
Collection: 
 Collect pods from ground; seeds ripen January -


February (Upper Volta).
 
Watch for small-size worm holes 
-- worms destroy 
the seeds. 

Extraction: Mortar/wind separation.

Storage: Stores well.
 
Pre-Treatment: Necessary; soak in hot water or scarify hull.
 

NURSERY
 

Pots/Open-rooted: 
Only grow in pots because of long tap root.

Time: 
 10-14 weeks for good size plants. Earlier
 

seeding may be required so plants get some
what larger before hot weather.
Other Notes: Attempts to collect young plants in the wild
 
not successful because of long tap root.
 

Frequent root pruning required because of tap

root. Watch for caterpillar and locust attacks
 
which destroy young leaves. Spray with
 
ordinary insecticide.
 



-- 

-- 

PLANTING/SITE REQUIREMENTS
 

Soil: 
 Sandy soil; grows well insame 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 inareas where precipitation isat the low end of the scale.
 
Direct Seeding: 
 Can be tried under good conditions. Seeds can be
fed to livestock. Livestock then graze over the
desired area and eliminate seeds with their manure.
Leads to natural regeneration.
 
Other Notes: 
 Do not disturb potted mix more than necessary when


transplanting. Wide spacing of plants (lOm X 10m)

isrequired.
 

USES
 

Good soil conservation tree (can lead to higher yields of
crops planted underneath).

Pods good food for cattle.
 
Branches useful for fences.
 
Leaves used for animal feed.
 
Wood --for carving.

Bark contains tannin.
 

SPECIAL NOTES
 

Introduction of Acacia albida isconsidered important and worthwhile by many farmers, a 
 which helps gain acceptance of a
project using this tree.
 

A. albida trees have reached heights of 2 to 4m after only three
-ndfour years of grcwth (Niger and Upper Volta).
 

It is not clear yet just how m,,ch Acacia albida does enrich
the ground around the tree.
 

Young trees are hard to protect. The young branches and leaves
are enjoyed by animals; young trees are small and hard to see and
may be lost during hoeing if not marked. 
 Itis usually necessary
to protect these trees for 5 
-8 years depending upon area and
site conditions.
 

The benefits of planting Acacia albida ln terms of initial investmentare not clear. 
Thus, itRy 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 inprotected areas.
 

A. albida until rucently was able to regenerate naturally because
 
!',s;e-d-s
were eaten by and passed from the bodies of animals.
 
Now land and grazing pressures have increased so much that the
 
young trees are being destroyed by browsing animals and cleaning

operations.
 



Acacia caffra Wilid. var. campylacantha Aubr. 

Synonyms: 
 Ac-aj cpytea Hochst., ex A. Rich. 
Acacia catechu W.
Acacapo canuth 
Willd. subsp. campytacantha
(Hochst.) Prenah
 

Common Names: 
 CHAD ARABIC al guetter HAUSA karo
BAMBARA 
 kuroko 
 tserkakia

FULANI 
 fatarlahi 
 KANORI qolawal
 

MORE guara
 
Legal Restrictions:
 

GENERAL DESCRIPTION 

Tall, slender tree. 
 Short, curved spines. Seed pods are flat
and thin and hang inclusters. 
 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/SITEREQUIREMENTS
 

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

Direct Seeding:
 

Other Notes:
 



USES
 

* Localized use for construction purposes. Heartwood very hard
 
and resistant to insects.
 

* Leaves used for fodder.
 
* Bark yields tannin.
 

SPECIAL NOTES
 



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

Synonyms: Acacia nttotica (L.) Willd. 
Mimoha no2otica L.

Acacia a't.Zca (Lain.) var. ob.tic (L.) Benth.
 

Common Names: 
 FRENCH gonakier DJERMA bini
 
CHAD ARABIC sunta, charat, FULANI gaudi
 

senet, sunt HAUSA bagarua
BANBARA barana 
 MORE peguenega
 
diabe
 
boina
 

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

GENERAL DESCRIPTION
 

Small or medium tree 3-Bm with long white or grey spines and
 
very dark, almost black, fissured bark. Itgrows rapidly.
Balls of yellow flowers, 'tarrow whittish grey tlattened pods.
 

SEEDS
 

Source: Strong, healthy trees.

Collection: Seeds ripen inNovember-December, Upper Voltaand
 

December-January, Niger.

Extraction:
 
Storage:
 
Pre-Treatment: Soak overnight.
 

NURSERY
 

Pot/Open-rooted: Pots
 
Time: 14-18 weeks
 
Other Notes:
 

PLANTING/SITE REQUIREMENTS
 

Soil: Heavy soil
 

Water: 
 Likes a lot of water. Nant where water table is
 
close to surface. Will 
iowell even inareas
 
where periodic flooding occurs.
 

Direct Seeding:
 



USES 
Live fences and windbreaks. 
 Pods and bark provide natural tannin!
material.
 

SPECIAL NOTES
 



Acacia senegal (L.) Willd. 

Synonyms: 	 Ani'J uveek Guill. & Perr. 

Common Names: 	 ENGLISH gum arabic FULANI dibehi
 
FRENCH gonmier patuki
 
CHAD ARABIC asharat HAUSA dakworo
 

kitr al abiod KANOURI kolol
 
BAMBARA donkori MORE goniminiga
 
DJERMA danya
 

Source of gum arabic
 

Legal Restrictions: 	 Cutting and removal. 
 The nature, site, and pro
pagation requirements of this species place its

development, protection, and production under
 
control of forest services.
 

GENERAL DESCRIPTION
 

Bush or small tree usually less than 5m high, but sometimes isas
 
tall as 9m. Bushes are low-branched with flat crowns and form
 
thickets. Pale brown or grey bark. Branches have short,curved

thorns or spines in groups of 3. Grey-green leaves, 3-6 pairs of

pinnules and 8-18 pairs of leaflets. A. senegal has creamy white

flowers; Drcwr seed pods which are flat and papery. 
Each pod cun
tains 1-5 greenish brown seeds. A.seneqal produces gum ari'bic
 
between ages of 4 and 18.
 

SEEDS
 

Source: Strong, healthy parent trees.

Collection: Seeds ripen inNovember-December, South-central Niger,


and January, Upper Volta.
 
Extraction:
 
Storage:

Pre-Treatment: 
Put seeds inhot water and soak overnight.
 

NURSERY
 

Pot/Open-rooted: Pots or open-root. 
One project planted 50 pots

with 3 seeds per pot. 27% germination.


Time: 14-18 weeks in pots.

Other Notes: Only fair germination.
 



-- 

-- 

PL NTING/S ITE REQUI REMENTS 
Soil: 
 Sandy soils, dry savanna, abandoned fields or dunes
stabilized by grasses.
 
Water: 
 Driest sites; 350mm mean annual rainifall.
 
Direct Seeding: 
 Can be directly seeded easily. 
 Watch for insect and
 

rodent damage.
 

Other Notes:
 

USES
 

Produces gum arabic, a money crop on world market.

Live fencing.

Source of tannin.
 
Browse for animals.
 
Firewood and charcoal.
 

SPECIAL NOTES
 
-- It is not known how this tree will grow inregions of heavier

rainfall. 
Because this tree produces a special product (gum arabic),it is
being studied inmany 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 seeking ways to increase output of gum arabic for world markets.
 
It may be more 
feasible to protect and encourage natural regeneration than to start extensive planting efforts.
 



Acacia sieberiana D.C. 

Synonyms: 
 Acaa veugca Schweinf.
 
Acacia 6inguinea Guill. & Perr.
 
Acacia rehp"niana
 
Acaia vi.Uoza
 
Acacia 6iZcheA.i
 
Act c a monga

Ac.acl %Z.moe 4a
 
Acazda ne6a ia Schwoinf.
 

Common Names: 	 CHAD ARABIC kuk
 
BAMBARA baki
 
FULANI gie daneji
 
HAUSA boudji
 

dushe
 
VANOURI katalogu

MORE golponsgo
 

Legal Restrictions:
 

GENERAL DESCRIPTION
 

Acacia sieberiana isa large acacia, up to 15m tall. 
 Ithas long
wF~ti1stra1ghtspines and fairly smooth, light olive or yellowish
colored bark. Crown is flat-topped, umbrella-shapped or irregular.

10-25 pinnules; 20-40 folioles. 
 Seed pods are brown and thick
skinned. 
The wood is semi-hard and termite resistant.
 

SEEDS
 

Source:
 
Collection:
 
Extraction:
 
Storage:

Pre-Treatment: 
 Put inhot water and 	soak seeds overnight.
 

NURSERY
 

Pots/Open-rooted: Pots; one project planted 50 pots, 3 seeds per
 
pot. 8.7% germination.
Time:
 

Other Notes: Varying germination results.
 

PLANTING/SITE REQUIREMENTS
 

Soil: Prefers low-lying, heavy soil, but grows in a variety
 
of soils.
 



Water: 
 Grows well inareas with higher rainfall.
 
Direct Seeding:
 

Other Notes:
 

USES
 
Wood iseasy to work with and isused to make tool handles and
other light objects.
 

* Good firewood 3nd charcoal.
 

* Bark isa 
source of tannin.
 
Some value inlive fencing and windbreaks.
 
Produces a 
type of gum arabic.
 

SPECIAL NOTES
 



Adansonia digitata L. 

Synonyms: 

Common Names: ENGLISH baobab FULANI bokkl 
FRENCH baobab HAUSA kuka 
CHAD ARABIC 
BAMBARA 
J ,A 

hahar 
sito 
konian 

KANOURI 
MORE 

kuka 
toega 

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

GENERAL DESCRIPTION 

Large tree up to l~m tall with an enormous trunk. Roots which
 
extend far from base of tree. 
Seeds do not germinate well:

therefore, young trees inwild are hird to find. 
Adult tree

flowers with white blossoms; fruit hangs from long stem and is
good to eat. 
 Seeds are acid and may be cooked or eaten fresh.

Leaves are palnately divided into 5-7 segments.
 

SEEDS
 

Source:
 
Collection: Seeds ripen December-February, Upper Volta.
 
Extraction:
 
Storage:
 
Pre-Treatment:
 

NURSERY
 

Pots/Open-rooted: Good results with open-rooted stock.
 
Time:
 
Other Notes: Inpot culture some seeds can take up to a
 

year to germinate.
 

PLANTING/SITE REQUIREMENTS
 

Soil:
 

Water:
 

Direct Seeding:
 



Other Notes:
 

USES 

A major food tree of Hausas -- leaves driedand used for flavoring
sauces. 

Bark used to make mats, paper 

SPECIAL NOTES 



-- 

Albizzia chevalieri Harms. 

Synonyms: 

Common Names: ChAD ARABIC ared HAUSA katsarl 
BAMbARA golD irt 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. Itis found throughout the
 
region.
 

SEEDS
 

Source:
 
Collection:
 
Extraction:
 
Storage:

Pre-Treatment: Put inhot vwater and soak overnight.
 

NURSERY
 

Pots/Open-rooted: Pots planted inone 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
 



Anacardium occidentale L. 

Synonyms:
 

Common Names:
 

Legal Restrictions: 
 The nature of the tree places its development

and production under protection of forestry

service programs.
 

GENERAL DESCRIPTION
 

Small spreading evergreen tree which grows to about 9m. 
Bark is
rough; flowers are small. Fruit isa 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 oil and dry areas.
 

SEEDS 

Source: 
Collection: 

Ripe fruit. 
Pic fruit from trees in late February, Southwest 

Extraction: 
Storage: 
Pre-Treatment: 

Niger.
Separate hull from fruit. 
Leave inhull and dry; stores well. 
None necessary. 

NURSERY 

Pots/Open-rooted: 
 Plant only inpcts; 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: 
 W.ll grow inmany types of soil; grows well in
 
sandy soil, low 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:
 

zt, 



-- 

USES
 
Tree produces the cashew nut 
--a valuable product inforeign
markets.
 
Construction 
-
packing cases; boat-building; firewood. 

SPECIAL NOTES 

-- Ideal tree for soil cover and conservation purposes.
 
Seems to grow inall soils, except for rock, down to about
500mm mean annual precipitation. 
However, inareas of lower
rainfall, the tree produces less fruit.
 

-- Bark contains up to 10% tannin. 



Anogeissus leiocarpus Guill. & Perr. 

Synonyms: Atwge&6uz AdukmpeaL Hochst. ex
 
Hutch & Oalz.
 

Common flames: 	 CHAD ARABIC sahab
 
BAMBARA krekete
 
DJERMA gonga
 
FULAN! kojoli
 
HAUSA marike
 
KANOURI annum
 
MORE slgha
 

piega
 

Legal Restrictions: 	 Classified as "Specially Useful."
 

GENERAL DESCRIPTION
 

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

SEEDS
 

Source:
 
Collection:
 
Extraction:
 
Storage:
 
Pre-Treatment: None 	nece3sary.
 

NURSERY
 

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

Time:
 
Other Notes: Slow growth discourages artificial propagation.
 

There has been little success ingerminating.
 

PLANTING/SITE REQUIREMENTS
 

Soil: Moist, low-lying soil along water courses.
 

Water: 90o-1,200n mean annual precipitation.
 

Direct Seeding:
 

Other Notes:
 



-- 

USES
 

Hard wood useful for fence posts. Construction and woodworking.
 
Ashes of the wood used for potash insoap-making and dyeing.
 

SPECIAL NOTES
 

This isan impressive tree because of its large size. 
 But
growth isvery slow, and discouraging nursery results make
its potential doubtful at the moment. 
More research isneeded.
 



Azadirachta indica A. Juss. 

Synonyms: 

Common Names! ENGLISH Neem FRENCH Neem
 

Legal Restrictions:
 

GENERAL DESCRIPTION
 

Moderate-sized to large evergreen tree (lm 
tall) with dense,
 
rounded crown. Grows fairly rapidly. Bark is thick and dark
 
grey. Flowers with bunches of small whize blossoms, from
 
March to May; fruit ripens from mid-May.
 

SEEDS
 

Source: Local trees; use fresh seeds only.
 
Collection: For best harvest, clean area under tree and
 

collect freshly fallen seeds only.

Extraction: Soak seeds and pulp in Separate by
water. 


hand while under water; spread seeds out
 
to dry.


Storage: Seeds do not store well; viability drops
 
near zero within a few weeks unless special
 
storage is possible.
 

Pre-Treatment: None required, but pre-germinating in moist sand
 
helps reduce empty space in nursery. Bury

seeds in sand and keep wet for one week.
 
Plant only seeds which are swollen.
 

NURSERY
 

Pots/Open-rootad: 
 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 lm high).


Other Notes: 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 inareas having 500-700mm mean annual precipitation. Grows well where groundwater isavailable within 9-12m of the surface. 
Direct Seeding: 

Other Notes: 

Works well ingood locations; best to plant asindividual trees or Inlines 
Needs rain within 4-6 days after planting or 

survival isdoubtful. 
USES 

Firewood 
Construction wood
Fence posts, when treated with pesticide
Reforestation purposes
Seeds yield oil for soap and burning
 

SPECIAL NOTES
 



Balanites aegyptiaca (L.) Del. 

Synonyms:
 

Common Names: 	 CHAD ARABIC haJlij 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 lOm high, with small, oval, grey
green leaves and long, straight, green spines. Bark Isgreyish

green to brown and isfissured. Fruits resemble dates and a,'e

yellow when ripe. The wood ishard and heavy and has a fine
 
texture. This tree isfairly resistant to termites.
 

SEEDS
 

Source:
 
Collection: Seeds ripen inSeptember-October, Upper Volta;
 

October-December, Niger;

Extraction: Soak fruit inwater and separate seeds from
 

pulp.

Storage:

Pre-Treatment: Soak 	in lukewarm water overnight.
 

NURSERY
 

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


Time: 18-24 weeks in pots.
 
Other Notes:
 

PLANTING/SITE REQUIREMENTS
 

Soil: 
 Dry sites, prefers sandy soil which occasionally
 
floods.
 

Water: 350-500mm mean annual precipitation.
 

Direct Seeding: Possible and worth doing.
 

Other Notes:
 



-- 

-- 

USES
 
Construction from light wodworking to heavy carpentry
* Fruit is sweet and isa 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 propagating,

either inplastic pots or by direct seeding.

The wood isfine-grained, 
easy to work, durableand
resistant to insects.
 



Bauhiruia reticulata D.C. 

Synonyms: 	 Bauhinia gtahiz A. Chev. 

BahJdta gtatic A. Chev.
P-zotignm /LetzcaXtum (D.C.) Hochst. 

Comon Names: CHAD ARABIC 
BAMBARA 
DJERA 

harum 
niamaba 
kosseye 

HAV'YA 
KANOURI 
M'ORE 

calgo 
kaldul 
barani 

FULANI barevi 

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 isdark brown to grey or nearly black. Seed pods hang and
 
are large, thick and reddish-brown incolor.
 

SEEDS
 

Source: 	 Local trees.
 
Collection: 	 Seeds ripen December-January; as early as
 

October, Novem)er insome 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 germinction results in nursery.
 

PLANTING/SITE REQUIREMENTS
 

Soil: 	 Wide variety of soil, including sand, laterite
 
and heavy clay.
 

Water:
 

Direct Seeding: 	Possible.
 

Other Notes:
 



-- 

USES
 

Firewood.
 
Local medical purposes.

Shade tree because of large crown.

Bark contains tannin.
 

SPECIAL NOTES
 

This isan abundant tree, and this fact makes it of questionable value for a 
nursery project. Nevertheless, it
should be encouraged infallow areas by direct seeding or
cuttings.
 



Borassus aethiopum Mart. 

Synonyms: Bou4&us 6LibeLtiget L. var.
 
aethiopum (Mart.) Warb.
 

Common Names: 	 FRENCH ronier FULANI dubbi
 
CHAD ARABIC deleb HAUSA gigunia
 
DJERMA sabouze rJKOURI ganga, kemeiutu
 

Legal Restrictions: 	 Cutting and Removal; the nature, site, and
 
propagation requirements of this species
 
place its development, protection, and pro
duction under control of forest services.
 

GENERAL DESCRIPTION
 

Tall palm up to 25m. Stem isstraight and smooth in old trees.
 
Bark is dark grey; fan-shaped leaves up to 4m long. Orange fruit
 
about 15cm long and 12cm wide. Each fruit contains 3 hard-coated
 
edible seeds surrounded by edible flesh. Hard, heavy wood very
 
resistant to termites.
 

SEEDS
 

Source: Local trees.
 
Collection: Pick from ground.

Extraction: Not applicable.
 
Storage:
 
Pre-Treatment: None required.
 

NURSERY
 

Pots/Open-rooted:
 
Time:
 
Other Notes: Not raised in nursery.
 

PLANTING/SITE REQUIREMENTS
 

Soil: Moist, low spots.
 

Water: Over 800mm annual precipitation; lowland areas
 
with high watertable; swamp grass sites.
 

Direct Seeding: Any method possible. Good results inlikely sites.
 

Other Notes:
 



-- 

-- 

USES
 
Construction 
 housing, fencing, etc.
useful as rafters it isespecially
inmudwall housing.
by termites and natural oils make itone of the most durable
 

It is rarely attacked
 
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
equa 5 Imported structural steel.
 

"- Regeneration attempts have shown good results.
 



Butyrospermum parkii Kotschy 

Synonyms:
 

Common Names: CHAD ARABIC sirreh HAUSA bagay

BAMBARA berekunan KANOURI marga
 

tamba
 

Legal Restrictions: Cutting and Removal.
 

GENERAL DESCRIPTION
 

Small tree with thickdark-grey, deeply fissured bark and
 
loTg strap-like leaves. Flowers with white blossoms between
 
M .y and August. Mature fruit isgreen and about 5cm long.

Each fruit contains one seed (shea nut); collected inJuly.
 

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 7OOmm 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 is tolerant of annual burning.
 



Cassia siamea Lam. 

Synonym:: 

Common Names: FRENCH cassia 

Legal Restrictions:
 

GENERAL DESCRIPTION
 

Moderate-sized evergreen with dense crown and smooth grey bark.

Yellow flowers Inlarge bunches. Pods 10-25cm long hanging in

clusters. 
Foliage isespecially 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: Sarong, healthy rees.
 
Collction: December and January collect unopened pods.

Extraction: Dry insun and beat with stick. Mortar and
 

wind separation.

Storage:

Pre-Treatment: Cut; soak inwarm water.
 

NURSERY
 

Pots/Open-rooted: Pots only inspecial situations. 
Most seeds
 
are open-rooted.


Time: 4-5 months inpots; 30 weeks to one year

open-rooted.


Other Notes: Potted plants require pruning; plant as a

"stump."
 

PLANTING/SITE REQUIREMENTS
 

Soil: Moist soil with good drainage.
 

Water: 500-70'Aan miimum annual precipitation; trees
 
do better with more rainfall.
 

Direct Seeding: Possible, but not done extensively.
 

Other Notes: Plant a stump 10cm abovc ground; cut roots to
 
20cm.
 



USES 

Firewood, but issmokey.

Construction.
Goodidense Windbreaks withl no undergrowth.* Reforestation 
purposes.
 

SPECIAL NOTES
 



Ceiba petandra (L.) Gaertn. 

Synonyms: 
 Efiodendun oJLentte 
Common Names: 
 ENGLISH 
 silk cotcg, tree
 

FRENCH fromager

CHAD ARABIC rum
 
FULAP! 
 bantahi
 
HAUSA 
 rimi
 
KANOURI 
 tom
 
MORE 
 gunga
 

Legal Restrictions: 
 Classified as "Specially Useful."
 

GENERAL DESCRIPTION
 

Ceiba pen!pra is an impressive tree up to 60m with a wide
trunF andlarge base roots. 
 The trunk gradually
tapers to a narrow tip. 
 Bark issmooth and grey; itis
valued for beauty, shade and cotton-like material yielded
from seed pods. 
 This isan important plantation crop tree.
 

SEEDS
 

Source: Healthy trees.
 
Collection:
 
Extraction:
 
Storage:
 
Pre-Treatment:
 

NURSERY
 

Pots/Open-rooted: 
 Open-rooted.
 
Time:
 
Other Notes:
 

PLANTING/SITEREQUIREMENTS
 

Soil: 
 Forest conditions, low elevations.
 

Water: Prefers sites where water isnear or on the

surface or areas having heavy rainfall.
 

Direct Seeding:
 

Other Notes:
 



USES
 

Shade tree.

Cotton-like fiber (kapok) used for stuffing.

Canoes from wood.

Cuttings used as living fence posts.
Seeds edible fresh, germinated or after extracting ofI
for cattle feed.

Leaves yield hair lotion and medicine.
 

SPECIAL NOTES
 



Entada sudanica Schweinf. 

Synonyms: 

Common Names: CHAD ARABIC dorot HAUSA tawatsa 
BAMBARA diamba KANOURI falofala 

FULANI 
samanere 
fado-wanduhi 

MORE sianlogo 

Legal Restrictions: 

GENERAL DESCRIPTION
 

Small tree with leaves containing 5-7 pairs of pinnules and
14-24 pairs of folioles. Pods are shaped like large, flat
 
plates.
 

SEEDS
 

Source:
 
Collection:
 
Extraction:
 
Storage:
 
Pre-Treatnent: Hot water overnight.
 

NURSERY
 

Pots/Open-rooted: Pots.
 
Time:
 
Other Notes: 10 pots planted with 3 seeds per pot showed
 

67% germination.
 

PLANTING/SITE REQUIREMENTS
 

Soil: 
 Sudan savanna.
 
Water:
 
Direct Seeding:
 
Other Notes:
 

USES
 

Firewood (fair).

Bark used for rope.
 
Medical purposes.
 

SPECIAL NOTES
 



Eucalyptus camaldulensis Dehnh. 

Synonyms: 
 Eucatytus /wwtkaU Schlecht.
 

Common Names:
 

-Legal Restrictions:
 

GENERAL DESCRIPTION
 

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

SEEDS
 

Source: 
 Nearest seeds available inNorthern Nigeria
(Kqlytus camaldulensis, Australian origin).
Therare-Thowever 
reports of the first fruitbearing by some of the oldest trees planted in
Niger. 
Seeds can be ordered direct from Australia. 
 Israel also has seeds available and
so does the French Tropical Forestry Research
Agency (C.T.F.T.). Considerable lead time is
needed. Varieties selected must be drought
resistant and termite proof in both green and
dead stage.

Collection:
 
Extraction:
 
Storage:
 
Pre-Treatment:
 

NURSERY
 

Pots/Open-rooted: 
 Pots.

Time: 
 18-24 weeks In plastic pots.
Other Notes: 
 Seeds are very, very small and can be germi

nated by Nobila Method (See SPECIAL NOTES)
or planted directly into plastic pots.
 
P -NTING/SITE REQUIREMENTS
 

Soil: 
 Heavy or rocky soils at altitudes under 610m.
 
Water: 
 At least 800mm of rain or access to plentiful


groundwater. 
Where mean annual rainfall is
1,O0mm or less, plant only along water courses.
 



-- 

--

-- 
-- 

-- 

-- 

-- 
-- 
-- 

-- 

Direct Seeding:
 

Other Notes: 
 May require additinal care and watering during

first year.
 

USES
 

Reforestation 
 root system useful inprotefcting banks of
 
water courses from erosion.
 
Bark yields tannin.
 

SPECIAL NOTES
 

Nobila Method: 
 (see Section 6, "Nursery Manage-mnt", page 63)
 

--	 Prepare gemination beds.
Screen materials (sand and manure) for top 4 inches.
Treat with Dieldrin solution, 0.5% to 1%concentration.
Mix seeds with fine sand and spread over bed.
Cover lightly with screened sand.
 
Keep top layer moist at all times.
 

-- Apply water as fine spray.

-- Transplant into plastic pots after trees have developed


3 or 4 primary leaves.
 
-- Water frequently with fine spray.

-- Keep incomplete shade for first week.
 

Direct seeding into pots:
 

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


Fill pots as usual.
 
--	 Put seeds into soil. 

Put 3-5m of water into a cup.Moisten needle with the water to a height not exceeding 3m.Plunge the needle into the eucalyptus seeds (you will find
several seeds clinging to the point of the needle).
-- Pierce the surface of the soil in the pots with the needle atan angle of 450 and to a depth of not over lOmm.
Any sort of watering method may now be used.
-- When transplanting seedlings into empty pots, one should onlyuse seedlings which are between 25mm and 50nm high. 



Gmelina arborea Roxb. 

Synonyms:
 

Common Names: ENGLISH melina
 

Legal Restrictions:
 

GENERAL DESCRIPTION
 

Rapidly growing species, up to 15-80m. Many wonderfully scented
 
yellow and brown flowers and yellow fruits. Wood lasts well
 
under water. Introduced as a firewood tree from tropical Asia;
 
suffers from infectioi; incertain areas.
 

SEEDS
 

Source: Old trees (scarce); import from other countries.
 
Collection: Seeds ripen inMarch-April, Upper Volta.
 
Extraction:
 
Storage:
 
Pre-Treatment: Soak overnight.
 

NURSERY
 

Pots/Open-rooted: Not planted inpots. Open-rooted.
 
Time:
 
Other Notes:
 

PLANTING/SITE REQUIREMENTS
 

Soil: Good, well-drained soils.
 

Water: Where mean annual rainfall is l,OO0mm or less,
 
plant only along water-courses or in irrigated
 
areas.
 

Direct Seeding: ?ossible intropical forests.
 

Other Notes: Plknt as a stump.
 

USES
 

Wood for match sticks.
 
Boxes.
 

SPECIAL NOTES
 



Guiera senegalensis Lam. 

Synonyms:
 

Common Names: 
 CHAD ARABIC kabeah
 
BAMBARA kudiengbe
 
DJERMA 
 sabara
 
FULANI gelloki
 
HAUSA 
 sabara
 
KANOURI 
 kasasal
 
MORE unuiga
 

Legal Restrictions: 
 Classified as "Specially Useful."
 

GENERAL DESCRIPTION
 

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

large hairs.
 

SEEDS
 

Source:
 
Collection:
 
Extraction:
 
Storage:

Pre-Treatment: 
 None necessary.
 

NURSERY
 

Pots/Open-rooted: 
 Pots.
 
Time:

Other Notes: 
 Project which planted 10 pots, 3 seeds per pot)


showed 10% germination. Poor germinator.
 
PLANTING/SITE REQUIREMENTS
 

Soil: 
 Sandy areas, particularly fields infallow.
 

Water:
 

Direct Seeding: Probably best method; reproduces rapidly.
 

Other Notes: Worthwhile to plant cuttings.
 



tusEs 

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 
MORE 

adarazagai 
pekuni 
sabga 

Legal Restrictions: 

GENERAL DESCRIPTION
 

Snmall-to-medium tree with scaly, fissured, dark-colored bark
on a red trunk. 
 Leaves consist of 3-6 pairs elliptical folioles.
 
Fruits look like cherries.
 

SEEDS
 

Source:
 
4
Collecti n:


Extraclion: Scak fruit to separate seed and pulp. Dry seeds.
 
Storage:

Pre-Treatment: 
 Soak inlukewamn water overnight.
 

NURSERY
 

Pots/Open-rooted: Good germination inpots.

Time:
 
Othel, Notes: 10 pots planted with 2 seeds per pot showed
 

80% germination.
 

PLANTING/SITE REUIREMENTS
 

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: Pa4kia ctJ.ppvuttoniana Keay
Mmoza bi.toboza Jacq. 

Common Names: FRENCH 
CHAD ARABIC 

nere 
maito 

FULANI 
HAUSA 

narghi 
dorowa 

BAMBARA nere KANOURI runo 
DJERMA dosso MORE rouaga 

Legal Restrictions: Cutting and Removal.
 

GENERAL DESCRIPTION
 

Medium-to-large tree, up to 15m, with dense, spreading crown.
Leaves consist of 14-30 pairs of pinnules and 50-70 pairs of
small leaflets. Tree has hanging red flowers; seeds develop

in lung, narrow pods. 
 Bark is thick and deeply fissured.

The wood ishard and heavy but iseasily attacked by termites.
 

SEEDS
 

Source: Strong, healthy trees; local market.

Collection: Pick the largest, freshly fallen seeds.

Extraction: Remove from pod.

Storage: Viability better when used right tway.

Pre-Treatment: Soak overnight in hot water.
 

NURSERY
 

Pots/Open-rooted: Pots only.

Time: 
 10-14 weeks.

Other Notes: Special care; germination results variable
 

depending upon age f seeds.
 

PLANTING/SITE REQUIREMENTS
 

Soil: 
 Deep, heavy sand (type where sorghum grows well);

known to survive on poor, rocky sites as well. 

Water. 500-700am mean annual precipitation. 

Direct Seeding: Worth trying.
 

Other Notes:
 



-- 

-- 

USES
 

. Light woodworking.
Pulp of seed dried and used as flour.
Seeds produce flavoring for sauces.
* Bark yields tannin for tanning and dyeing.
 

_AL NOTES
 
Parkia isoften left standing ;imillet fields for its shade
an 
 ruits. 
 It Isone of the few species farmers will actually
plant themselves.
 
There is great demand for this tree. 
Given the demand and the
crop. 

ease of raising the tree, itmay be good to consider as a cash
Insome areas, there isenough market for the seeds to
warrant establishing special plantations.
 



Parkinsonia acculeata L. 

Synonyms: 

Common Names: DJERMA sassa bani 
HAUSA sharan abi 
KANOURI sharan labi 

Legal Restrictions: 

GENERAL DESCRIPTION
 

Tree grows to about lOm. Long branches which are covered
with 3cm-long spines and which droop. 
Many bright-yel.ow

flowers.
 

SEEDS
 

Source: 
 Local trees.

Collection: Seeds ripen inDecember-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 inhot water, or clip end for


faster germination (few days only). 

NURSFRY 

Pots/Open-rooted: Pots.
Time: 6-10 weeks in pots.Other Notes: 
 Easy to raise, but roots nced pruning.
 

PLANTING/SITE REQUIREMENTS
 

Soil: Dry sites.
 

Water: 
 350-400m mean annual precipitation.
 

Direct Seeding: Worth trying.
 

Other Notes:
 

http:bright-yel.ow


USES 

SFirewood.
 
Live fences.
Windbreaks and soil 
cover for conservation.
 

SPECIAL NOTES
 



Poupartia birrea (Hochst.) Aubr. 

Synonyms: 
 Saetoaj= bJkAea 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 inApril-May, Niger.

Extraction:
 
Storage:

Pre-Treatment: 
 Lukewarm water overnight.
 

NURSERY
 

Pots/Open-rooted: 
 Pots.
 
Time:
 
Other Notes: IU potes, 
2 seeds per pot, had germination rate
 

of 90%.
 

PLAVTING/SITEREQUIREMENTS
 

Soil: Throughout Sahel and Sudan zones.
 

Water:
 

Direct Seeding:
 

Other Notes:
 

USES
 

Light woodworking, particularly inmanufacture of mortars.
Pulp of fruit isa popular food and isused 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 inthe nursery.
 

'7
 



Pros-pis africana Taub. 

Synonyms: 
 Po0o0P" 
obLong a Benth. 
Common Names: BAMBARA guele
 

r(JLANI kohl
 
HAUSA kiriya

KANOURI 
 simain
MORE niuri-segue
 

Legal Restrictions: 
Classified as "Specially Useful."
 

GENERAL DESCRIPTION
 

Medium tree with light-colored foliage. 
Itgrows rapidly.
Leaves have 2-4 pinnules and 6-12 foioles. 
There isa
gland between each pair of pinnules and folioles.
are dark-brown cylinders which are thick and hard. 
Pods
 

ishard and semi-heavy and has fine tpxture. 
Wood
 

SEEDS
 

Source:
Collection: 
 Seeds ripen inFebruary-Mrch, Niger.
Extraction:
 
Storage:
Pre-Treatment: 
 Warm stratification. 
Hot water overnight.
 

NURSERY 

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

PLANTING/SiTE
 

Soil: 
 Usually grows inabandoned fields or where forest
has been replaced by savanna.
 

Water:
 

Direct Seeding:
 

(Cher Notes: 
 Grows singly, not inclusters.
 



USES
 

Heavy carpentry and light woodworking uses.
 
Charcoal for blacksmithing.
 
Bark of the roots used for tanning hides.
 

SPECIAL NOTES
 

--Should be encouraged inthe nursery because of rapid growth
 
and high-quality of wood.
 



Prosopis juliflora (Sw.) D.C. 

Synonyms: PjoopZ chLtenaiZ (Mol.) Stuntz 
CeAa.tonia chtma Hal. 

Common Names: ENGLISH (USA) mesquite 

Legal Restrictions: 

GENERAL DESCRIPTION
 

SEEDS
 

Source: Order trees.
 
Collection: Pick when yellowish and partly dry.

Extraction: Mesry. Mortar and windor hand separation; powder
 

Issticky.
 
Storage:
 
Pre-Treatment: Hot water; clipping ispossible hut difficult.
 

NURSERY
 

Pots/Open-rooted: Pots. Open-root possible, but needs special
 
lifting-out care.
 

Time: 12-14 weeks.
 
Other Notes:
 

PLANTING/SITE REQUIREMENTS
 

Soil: Rich, heavy soil; prefers some clay.
 

Water: Areas under 60 .,m mean precipitation.
 

Direct Seeding: Should be en c.;raged on a trial basis.
 

Other Notes:
 

USES
 

Wood useful for fence posts.
 
Firewood.
 
Live fencing and windbreaks.
 
Food for animals.
 

SPECIAL NOTES
 



Tamarindus indica L. 

Synonyms: 

Common Names: ENGLISH tamarind tree 
FRENCH tamarinier 
CHAD ARABIC tamr hindi 
BAMBARA tombi 
DJERMA bossaye 
FULANI Jtatami 
HAUSA tsamiya 
KANOURI tamsugu 
MORE pousiga 

Legal Restrictions: Cutting and Removal. 

GENERAL DESCRIPTION
 

Tree of medium-to-large size up to 15m recognized by its dense,

well-rounded crown. Bark is reddish-grey and is fissured.
 
Leaves consist of 10-15 pairs of folioles. Seed pods are red
dish-brown and cylindrical. Pale yellow wood bends well and is
 
strong.
 

SEEDS
 

Source:
 
Collection: January-Marchdepending upon location.
 
Extraction: Soak fruit to remove pulp; dry the seeds.
 
Storage:
 
Pre-Treatent: None required.
 

NURSERY
 

Pots/Open-rooted: Pots.
 
Time: 18-24 weeks.
 
Other Notes: 	 Project planted 50 pots, 3 seeds per pot;


63% germination. Germinates well and grows
 
rapidly in pots.
 

PLANTING/SITE 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 isused to make drinks
 
and soups.
 
Shade.
 
An herb/spice to add flavor to main dishes.
 

SPECIAL NOTES
 

In some areas, there issufficient demand for the fruit tojustify special plantations. 
-- Some countries export the fruit. 



Vitex cuneata Schum. & Thonn. 

Synonyms: Vitex cha~ienzi Chev. 
Vitex cenkomkiw Kotschy & Perr. 
Vitex doniiLu Sweet 
Vitex patudo~a Vatke 

Common Names: CHAD ARABIC 
BAMBARA 

unrugulguh 
sokoro 

FULANI 
HAUSA 

galbihi 
dumnjaa 

DJERMA 
koroba 
bo-i 

KANOURI 
MORE 

ngaribi 
andega 

Legal Restrictions: Classified as "Specially Useful." 

GENERAL DESCRIPTION
 

Small or medium savanna tree, 10-12m high. 
Dark green, rounded
 crown. 
 Bark is pale brown to greyish white with fissures. Leaves
are large with oblong folioles. Fruits are large, black, and
good to eat. 
Wood is semi-hard and susceptible to insect attack.
 

SEEDS
 

Source:
 
Collection: October in Niger.

Extraction: 
 Soak fruit to remove pulp; dry seeds.
 
Storage:
 
Pre-Treatment: 
 Soak seeds in lukewarm water overnight.
 

NURSERY
 

Pots/Open-rooted: Pots.
 
Time:
 
Other Notes: Project planted 50 pots, 3 seeds per pot;
 

germination of 2%.
 

PLANTING/SITE REQUIREMENTS
 

Soil: 
 Dense forest, wooded savanna, river borders,
 
and cultivated fields.
 

Water: 
 Needs access 
to water for good growth.
 

Direct Seeding:
 

Other Notes: Widely distributed throughout Africa.
 



USES
 

Wood used for light woodworking and building small boats.
Fruits are popular food.
Leaves used in
sauces and as medicine against dysentery.
 
SPECIAL NOTES
 

-- This is a popular tree mainly because of its fruits.
fori'unately, Unitisa slow and poor 9ermina,)r and propagation isdifficult.
 



Ziziphus spina christi (L.) Wild. 

Synonyms: 

Common Names: CHAD ARABIC karno 
FULANI kurnahi 
HAUSA kurna 
KANOURI korna 

Legal Restrictions: 

GENERAL DESCRIPTION
 
Medium-sized tree which lives a 
long time. Small, elliptical
 
leaves on slender branches with short, curved spines.
 

SEEDS
 

Source: Strong, healthy trees.
 
Collection: October-January, depending on location.

Extraction: 	 Soak fruit to remove pulp; crack shell with
 

hammer to extract seeds.
 
Storage:

Pre-Treatment: 
Soak inlukewarm water overnight.
 

NURSERY
 

Pots/Open-routed: Pots.
 
Time:
 
Other Notes: 	 Project planted 50 pots, 2 seeds per pot;


35% germination. Grows fairly rapidly in
 
pots.
 

PLANTINV/SITE REQUIREMENTS
 

Soil: Extends into dry, desert areas but prefers

alluvial plains with deop soils.
 

Water: 
 Likes sites where some ground water isavail
able; has long tap root.
 

Direct Seeding:
 

Other Notes: 	 Strong regenerative powers and isresistant
 
to heat and drought.
 



USES 

Conservation uses for erosion control: 
 windbreaks,

shelterbe'ts and dune fixation.
 
Wood uzed for fuel, tools and charcoal.

Branches and leaves weed for animal browse.
 

SPECAAL NOTES
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COMPARISON OF TF1RMINOLOGY 

Mean AnnualPrecipitation 
inmillimeters 

AubrevilleClimatic-e 

francophone 

2500 
+ + + + 

2000 
+ + + + 

1500 
+ + + + 

Sudano-

Guinen 

1000 
+ + + + 
01 1 
i : 

Soudaneen 

500 
+ + + + + + + + + + 

1 1 
Sahelo- No 
Soudanais :Sahel Saharien 

+ 
0 
+ 

Anglophone 
tems 

Nigeria 

Derived 

Savanna 

a 
:Guinea 

:Savanna 

' 
Sudan 

Savanna 

a 
Sahel 

Savanna 

Vegetation 

ap4Mosaic a Woodlanda 
a I 

Voodedaa 
a 

ShrubSavannaa TreeSteppe 

-
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MEAN ANNUAL
 

DESCRIPTION 
 DESCRIPTION 
 EAN NNUAL SATURTIONEEMBL FRENCH _ENGLISH PRECIPITATION DZFICl.______
 
SA Saharten 
 Saharan 
 lessthan 200 
 20ff
 
SSa Sahe1o-saharien 
 Northern Sahel 
 200 to 400 15M 
Se Sahelo-Chte sinigalafs 
 Senegal Coastal Sahel 400 to 500 5.3-7m
 
$e Sahelo-sinigalais 
 Senegal Sahel 
 SOO to 900 9-12M 
So SaheIo-soudanats 
 Southern Sahel 
 400 to 1200 11.5-22mm
 
SG Soudano-Guinten 
 Sudan-Guinean 
 950 to 1750 7-12mm
 
Gc Guin~en basse CasarranceCasarnnca Gsiean 1200 to 1750 6.5-7m 
Gm uGnen-marftime 
 Costal Guinean 
 1950 to 4500 4.4-5.5m
 
Gf 
 Gutn~en - feutanten 
 Fouta Guinean 
 1800 to 2050 
 6-7m
 

Source "Flare forestiire Soudano-Guln6ene"
 

This tzrmnology used here is connnly used in sub-Saharan West Africa and Is
based on the wrk of Aubrevlle. 
(As such itcame into use prior to the
creation of the Yangambi classification of African vegetation types.)
 

http:4.4-5.5m


VEGETATION ZONES 
International Boundariei 

,.., 
 . .. ... 

\+
 

..
.... .. ........
VOEGNT A IZO ES 

Wooded Savanna ...... + 

oodfland .. #Wod. 

Mosaic 

reMoist
Forest
 

ShrubSavanna 

Madagascar Savanna 

Li Grass( Steppe 

Vegetation zones in this map are baJed on tho Yangambi classification
created by a 1950 meeting of the Commission for Technical Cooperation in
Africa South of the 
Sahara and used in the 
U.N. Food and Agriculture
Organization publication, Tree Planting Practice in African Savannas.
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ZONE SUB-AREA 

VEGETATION AND SOILS 
MEAN ANNUAL 
RAINFALL(inmillimeters) GRASSES BUSHES & TREES 

SAHEL O-200ms 

Salvadora 

Aristlda 
Acacia radiana 
_ i aIanI -

S E EAL_--dora 200-50 0m 

Aristida aidesCenchrus claris 
YcF" e _dla-" 

_raciis 

Acecla 

Some thickets 

SA' IA 

"' 

TE P 

SAAIAep50-0(=AcaciaSO0-gO~mn 

Acacia niloticaTeiTTTa 
o1sshere(lower Tocations) 

albidaHphaene thebaica 
Guiera ene-aj is
Annonasenegaensis

hlacking, 
Bauhinia 

SOILS
 

Undifferentiated soils:

than 3Ocn deep; sub-desert 

less
 

sands in hot dry climate -
often rich in carbonates
 
and soluble salts.
 

Brown Soils: Highly saturated
non-kaclinitic clays; fairly

fertile but dry.
 

Ferruginous Soils: 
 Begin

often contain impermeable


layers of iron oxides. Out
crops form 'cuirace". Si02/
A1203 ratio around 2. Cation
 
exchange capacities rather
 poor. Free carbonates are
 

but free iron oxide
 
Is common.
 

Range: 500-120nn rainfall
 
(See also Wooded Savanna)

Fair Fertility
 



MEAN ANNUAL
 
ZONE RAINFALL
SUB-AREA 
 (in millimeters 
 GRASSES 
 BUSHES & TREES 
 SOILS
 

Terminalia 
 FeiousSoils: 
See
SAVANNA utrospermm "hrub avanna
900-1200mm 
 Thick, tall grasses Parkia
 

/ius
 

soberlinia doka 
 Ferralitic Soils:
SAVANTA 2 KhayVa Begin

l 00-16OJmm over 1200-xrainfall.
Hyparrhenia Cation
exchange capacity very poor.
 

Sndropqon ratio less than
Si0 2/Al2O3 
gayanus 
 2. Often, these soils are
 
very deep. (Oxisols USDA).

Similar to laterized* red
 
earth soils of East Africa.
 
Sometimes layers of iron
 
oxides but not as common as
 
in ferruginous soils.
 

*.The Low Fertility
term "laterite" is frequently used especially in connection with tropical soils. 
 In spite of voluinous writings it
is not possible to define this 
term to everyone's satisfaction. 
In its purest sense
"zone(s) rich in sesouloxydes (A1203 and Fe2 
the following description is given:
03) that, when cut into bricks, become hard as they dry."
 

Geologists, on the other hand, frequently use the term to describe -erruinous
kerlike, including concretionary coatings of iron oxides. 
lyer, already hard and cellular or clin-


As a given parent material is slowly t-ansformed into laterite under the influence of its exposure to a certain climate,
great chemical changes take place to considerable depths.

(A1203) leading --

Much of the original silica is removed. Aluminum oxide
in its purest form --
to conercially exploitable accumulations of bauxite.
 



MAN ANML 
ZONE ~RAINFALL
Zm SiAR.A (in illimeters) GRASSES BUSHES & TREES SOILS 

Patches of moist 
SAUANNA forest surround H nocardla acida1 O -1750mm Feralitic Soils: Ferri:ols,
areas of dense, Lophtralancea-t Yaolinite and oxides in clay
 

coarse savanna 
 complex. See also "Woodland".
 
grass.
 

SAVANNAover 1750mm
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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 Aqronanico Tropical de Investigacion y 
Ensenanza (CATIE)
 
Dept. de Recurses Naturale 
Turrial ba 
Costa Rica 

Centre Technique Forestier Tropical (CTFT)

45 Bis Avenue de la Belle Gabrielle
 
94 Nogent Sur Marne
 
France
 
(Regional Cffices in Dakar; Stations in Ndjamena
 
Niamey, and Ouagadougou)
 

Commonwealth Forestry Institute (CFI)
 
University of Oxford
 
South Parks Rd. 
P.O. 13 RD 
Oxford, England OXI 3RB
 

Consultive Group on International Agriculture

Research (CGIAR) 
1818 H Street
 
Washington, D.C. 20433 USA 

Environment and Policy Institute 
East-West Center
 
1777 East-West Road
 
Honolulu, HI 96848 USA 

Institute for Development Anth ropol ogy 
99 Collier St., Suite 302
 
P.O. Box 818
 
Binghamton, N.Y. 13902 USA 

i.,stitute of Tropical Forestry 
Post Office Box AQ
 
Rio Piedras, PR 00928
 

International Council for Research in Agroforestry
 
(ICRAF)
 
P.O. Box 30677
 
Nairr-bi, Kenya 
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International Crops Research 
in,-t;tute for the
Semi-Arid Trooics (ICRISAT)

Patancheru P.O.
 
Andhra Pradesh 502 324 
India
 
(Offices in Mali and Niger)
 

International Development Research Centre
 
(IDRC)
 
60 Qucen St.
 
P.O. Box 8500
 
Ottawa, Canada
 

International Institute for Environment and
Development (lIED)

1717 Massachusetts Ave., 
N.W. , Suite 302Washington, D.C. 20004 USA
 

International 
Institute of 
rropical Agriculture

(IITA)
 
PMB 5320 
Ibadan, Nigeria
 

International Livestock Centre for Africa (ILCA)
P.O. Box 5689
 
Addis Ababa, Ethopia
 

International Tree Crops Institute
 
P.O. Box 888
 
Winters, CA 95694 USA
 

National Academy of Sciencet.;

Board on Science and Technology for
International Development (BOSTID)

2101 Constitution Ave., N.W.
 
Washington, D.C. 20418 USA
 
Nitrogen Fixation by Tropical Agricultural Legumes (NifTAL)
Project
 
P.O. Box 0
 
Pala, Hawaii 96779 USA
 

Off'ce of Arid Lands Studies
 
University of Arizona
 
Tucson, AZ 85719 USA
 

Tropical Products Inst'tute
 
56/62 Gray's Inn Rd.
 
London WC1 X8LU
 
England
 

Tropical Resources Institute
Yale School of Forestry and Environmental Studies
205 Prospect St.
 
New Haven, CT 06511 USA
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U.S. GOYERNMENT AGENCIES 

Forestry Support Program
 
FSP Roan 1208 RPE 
USFS P.O. Box 2417 
Washington, D.C. 20013 USA 

Office of International Development and Cooperation 
(OICD) 
U.S. Dept. of Agriculture
 
Roan 4405 Auditors Building
 
Washington, D.C. 20250 USA 

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

Soil Management Support Services
 
Soil Conservation Service 
P.O. Box 2890
 
Washington, D.C. 'iSA 

USAID (Agency for International Development)

Deparibnbnt of State 
Washington, D.C. 20520 USA 
(AID field offices can be contacted through
the respective U.S. Embassies)
 

USAID 
Science and Technology/FENR
 
Dept. cf State
 
Washington, D.C. 20520 USA
 

International Forestry Staff 
Romm 1208 RPE 
USDA/FS 
P.O. Box 2419
 
Washington, D.C. 20013 USA
 



AGENCIES 
RESGJR'E 

RESPOPSIBLE FOR NAT'RIL 
MANAGEMENT IN ARID LA.IDS 

Conservator of Forests 
Miristry of Animal 
and Forest Resources
 
Private Mail Bag 13022
 
Kano, Nigeria
 

Direction des Eaux et Forets/Bur-cina Faso
 
B.P. 7044
 
Ouagadougou, Burkina Faso
 

Direction des Eaux de Forets/Mali
 
B.P. 275
 
Bamako, Mali
 

Di rection dos Lux de Forets/Niger 
B.P. 578
 
Nia-iey, Niger
 

Direction des Eaux de Forets/Senegal
 
B.P. 1831
 
Daka r, Senegal
 

Direction des Forets des Chasses 
et de L'Environnemert 
Lane, Togo
 

DNAREF 
B.P. 1341
 
Yaoundn, Cameroon
 

Forestry Association of Botswana
 
Box 2003
 
Gabarone, Botswana
 

Forestry Office
 
Box 30048
 
Lilongwe 3, Malawi 

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

Forest Research Institute
 
P.O. New Forest
 
Dehra Dun
 
U.P. India
 

Forestry Research Institute of Nigeria
 
P.M.B. 5054
 
Ibadan, Nigeria
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Land Utilization Division 
Private Bag 003
 
Gabarone, Botswana 

Ministry of Ag and Natural 
Resources 
Box 596 
Yundum, Gambia 

Ministry of Energy 
PO Box 30582 
Nairobi, Kenya
 

Ministry of Forestry
 
Box 426
 
Dar es Salaam, Tanzania 

Ministry of Water Resources and Environment
 
5 Marina Parade 
Banjul, Gimbia
 

Ministers pro Nature
 
B.P. 4055
 
Dakar, Senegal
 

National Range Agency 
PO Box 1759 
Mogadishu, Somalia
 

Proection de la Naure 
B.P. 170 
Nouakchott, Mai'ritani a 

Reforestation ierv ica 
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 Stu 4ies)

B.P. 369 
Ouagadougou, Burkina Faso
 

Corittee Inter-Etat pour la Lutte Contre
 
la Secheresse du Sahel (CILSS)
Prrjects and Programs Division 
B.P. 7049 
Ouagadougou, Burkina Faso
 



Environmental Liaison Centre
 
P.O. Box 72461
 
Nairobi, Kenya
 

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

International Tree Project Clearinghouse (ITPC)
Non-governmental Liaison Service
 
2 UN Plaza
 
DC-2-Rf4 1103 
New York, NY 10017 USA 

Internatioial Union for Conservation of Nature and 
Natural Resources
 
Avenue de Mont Blinc 
CH - 1196 Gland 
Switzerl and 

UN Development Programme (UNDP)
1 United Nations Plaza 
New York, NY 1001.7 USA 

UN Environment Programme (UNEP)
Ecosystems Natural Resource Division 
P.O. Box 30552
 
Nairobi, Kenya 

UN Food and Agriculture Organization (FAO)
Forest Resources Division
 
Via delle Ternie di Caracalla 
00100
 
Rome, Italy 

UN Sahel o-Soudani an Office 
1 United Nations Plaza
 
New York, NY 10017 USA 

World Bank 
Africa - Forestry Division
 
1818 H Street, N.W.
 
Washington, D.C. 20433 USA 

PRIVATE VOLUNTARY AND N(YMOVERN"ENTA. ORGANIZATIONS 

Arid Lands Information Center
 
845 N. Park Ave.
 
Tucson, AZ 85719 USA
 



Africare 
1601 Connecticut Ave. N.W.
 
Suite 600
 
Washington, D.C. 20009 USA 
CODEL
 
79 Madison Ave.
 
New York, NY 10016 USA
 

CARE International 
Agriculture and Natural 
Resources Program
 
660 Fi rst Avenue
 
New York, NY 10016 USA
 

Chambre 0' Agriculture, De L'Elevage et Des Forets 
du Cameroun 
B.P. 287
 
Yaounde, Cameroon
 

Conseil Des Organisations Non Gouvernementales 
D'Appui Au Deieloppement Du Senegal (CONGAD)
Rue 41 X Boulevard General De Gaulle 
B. P.4109
 
Dakar, Senegal
 

Environnemient Et Developpement du Tiers Monde 
(ENDA)
 
B.P. 3370
 
Dakar, Senegal
 

IUCN Bulletin 
International 
Union for Conservation of Nature and
 
Natural Resources
 
CH-1196 Gland 
Switzerl and
 

Joint Energy and Environment Projects (JEEP)

Plot 14 A P'iin Street Jinja

Opposite Upper Bata
 
P.O.Box 1684
 
Jinja, Uganda
 

Kenya Energy Non-Governmental Organizations 
(KENGO)
 
Westlands, Karuna Road
 
P.O. Box 48197
 
Nairobi, Kenya
 

Kweneng Rural Development Association
 
Private Bag 7
 
Molepolole, Botswana 

Lutheran World Relief 
360 Park Ave. South 
New York, NY 10016 USA
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Mazingi ra Institute 
P.O.Box 14550
 
Nairobi, Kenya 

National Wildjife Federation
 
International Program

1412 16th Street, N.W.

Washington, D.C. 20036 USA 

Natural Resources Defense Council
 
International Project

1350 New York Ave., N.W., Suite 300
 
Washington, 
 D.C. 20005 USA 

Resources for the Future
 
1755 Massachusetts Ave., 
N.W.

Washington, D.C. 20036 USA
 

Sierra Club
 
228 East 45th St.
 
New York, NY 10017 USA
 

Sierra Leone Environment and Nature Conservation 
Association (SLENCA)
 
P/M.B. 376
 
Freetwn, Sierra Leone 

Sudan Council of Churches 
P.O.Box 469
 
Khartoum, Sudan 

Tanzania Enviroment Society 
P.O.Box 1309
 
Dar Es Salaam, Tanzania 

Volunteers in Technical 
Assistance (VITA)

1815 North Lynn St., 
Suite 200
 
Arl ington, VA 22209 USA 
Winrock 
 International 
Institute for Agricultural

Development
 
Rt. 3
 
Morrilton, AR 72110 USA
 

World Resources Institute
 
1735 New York Ave., N.W.
 
Washington, D.C. 20006 USA 

Worl dwatch Institute
 
1776 Massachusetts Ave.
 
Washington, D.C. 20036 USA
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ARBORETUMS MOWHERBARIUMS 

Arnold Arboretum 
Cambridge. Wss. USA 

Boyce Thompson Southwestern Arboretum 
P.O. Box AB 
Superior, Arizona 85273 USA 

KICEPAL 
Royal Botanical Gardens 
Kew, Richmond, Surry 
IWg 2AE, U.K. 

Missouri Botanical Garden 
St. Louis, MO USA 

New York Botanical Gardens 
Bronx, NY 10458 USA 

University of Hawaii Instructional Arboretum
 
Waimanalo, Hawaii 96795 USA
 

JOURNALS AND BULLETINS 

Agroforestry Review
 
Internatlonal Tree Crops Institute USA 
Route 1 
Gravel Switch, Kentucky 40328 USA 

Agroforestry Systems 
Martinus Nijhoff
Kluwer Academic Publishers 
101 Philip Drive
 
Assinippi Park 
Norwell, Mass. 02061 USA 

AMBIO 
Royal Swedish Academy of Sciences 
Box 50005
 
5 - 104 05
 
Stockholm, Sweden
 

Arid Lands Newsletter 
University of Arizona
 
845 No. Park Ave.
 
Tucson, AZ 85719 USA
 

Farm Forestry News 
Winrock International Institute for Agricultural
 
Development
 
1611 North Kont Street
 
Arl ington, VA 22209 USA 
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FSSP Newsletter 
Farming Systems Support Project 
3028 McCarty Hall
 
University of Florida

Gainesville, FL 32611 USA 

IS1F NewsletterInternational Society of Tropical Foresters 
5400 Grosvenor Lane
 
Bethseda, 
 MD 20814 USA 

ICRAF Newsletter
International Council for Research in Agroforestry
P.O. Box 30677 
Nairobi, Kenya
 

IITA Research Briefs
International Institute of Tropical Agriculture
PMB 5320 
Oyo Road
 
Ibadan, Nigeria 

International Tree Crops Journal 
A.B. Academic Publishers
 
P.O. 97
 
Berkhampstead, 
 Herts.
 
HP4 2PX, England
 

IUSF Newsletter
International Union of Societies of ForestersCanadian Institute of Forestry

151 Slater Street, Suite 815
 
Ottawa, Ontario 
Canada K1P5H3 

Leucaena Research Reports
Nitrogen Fixing Tree Association
 
P.O. Box 680 
Waimanalo, Hawaii 96795 USA 
Nitrogen Fixing Tree Research Reports (NFTRR)
Nitrogen Fixing Tree Associaticn
 
P.O. Box 680
 
Waimanalo, Hawaii 96795 USA 

NFTA News
 
Nitrogen Fixing Tree Association
 
P.O. Box 680
 
Waimanalo, Hawaii 96795 USA 
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New Forests
 
Martinus Nijhoff

Kluwer Academic Publishers
 
101 Philip Drive
 
AssInippi Park
 
fNorwul1, Mass. 02061 USA
 

S:cial Forestry Network Newsletter
Overseas Development Institute (ODI)
Agricultural Administrative Unit 
Regent's College 
Inner Circle, Regent's Park 
London 
NW1 4NS England 

The Tree Project News 
International Tree Project Clearinghouse
Non-governmental Lfaison Service 
2 UN Plaza 
DC-2-RM 1103 
New York, NY 10017 USA
 

UNASYLVA 
UNIPUB 
P.O. Box 1222
 
Ann Arbor, MI 48106 USA 
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