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MEETING ON SAVAN!!A DEVELQP!•IJŒ!: 

United Nations Development Prog.ram 
Food and Agriculture Organization 

Khartoum, Sud.an - 25 October to 6 Nov.ember 1966 

INTRODUCTION 

Sinoe the beginning of its aotivities, the United Nations Development Program 
(formerly the United Nations Special Fund) has given constant attention to the devel­
opment of the Ai'rican continent and, in partioular, to the stretch of country lying 
between the latitudes 10° and 18° north from the Atlantic Ocean to the Red Ses. 

This ares is generally known as the Savanna Belt. Owing to its vast extent and 
eoologioal complexity, the Savanna Belt has not yet been uniformly defined. However, 
for the purpose of the meeting it was agreed that the limita of the Savanna Belt 
would ooinoide with the ares surveyed by.the FAQ-Unesco Agroclimatology project. The 
Savanna Belt offers an immense soope for aotivities in the field of agriculture, whioh 
is the chief industry of the population. The Food and Agriculture Organization of the 
United Nations was, therefore, the Executing Agenoy for many projeots approved by the 
UNDP Governing body. 

Vith the passing of time and the accumulation of experience and knowledge, the 
need arose for a joint review of pest aotivities and future requirements, with a view 
to formulating a policy for future development in the Savanna Belt and providing a 
guideline for further UNDP/FAO assistance tc the region. 

This was the reason for the meeting which assembled in Khartoum. At the agree­
ment of its Government, the Sud.an aoted as the host country. 

The Faculty of Agriculture of the University of Khartoum provided all faoilities 
for the meeting. 

The meeting was attended by two representatives of the U11DP Special Fund, namely 
Messrs. L. Allbaugh and D. Francis. loir. Paul !~arc Henry, Assistant Administrator and 
Deputy Director of the UNDP Special Fund and bœ. G. Drouhin, Senior Consultant, 
participated in the final discussions and the elaboration of the recommendations of 
the meeting. At the end of the meeting, Mr. Paul Marc Henry made a statement stress­
ing the urgenoy of a.g.rioultural development and the potentialities for food production 
of the Savanna Belt. 

The United Nations Educational, Scientifio and Cultural Organisation, the World 
Health Organization, the Economie Commission for Ai'rica and the Atrioan Development 
Bank and the u.s • .UD were also represented at the Meeting. 

The Projeot Managers and Co-}lanagers of UNDP/SF projects in oountries of the 
Savanna Belt, ether FAO field experts of the ares and FAO officers from Headquarters, 
Rome, partioipated in the meeting. A list of participants is attached in Anne% I. 

ACKNOWLEDG!·IZNT 

Grateful thanks are eXpressed to the Sudan Gover11ment for their rea.diness to act 
ss host country, for the uoellent arrangements mad.e and the hospitality shown to the 
participants during the entire duration of the meeting. 
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Special thanks are expressed tc the Minister cf Animal Rescurces who kindly agreed 
tc open the meeting! tc the Representative& cf the Ministry cf Agriculture and Foreste 
and ether Ministries who teck an active participation in the discussions! tc the Dean 
of the Agrioultural Ccllege 1 University cf Khartoum, and to his deputy, fer the hospi­
tality and facilities extended to the meeting; thanks are also expressed to the 
Oovernors and senier officials of the Kordofan and Darfur provinces for their hospi­
tality during the field trips, and to ether Oovernment officials who contributed to 
the success cf the meeting. 

We also wish to thank the UN agencies, Unesco, WHO, ECA1 the African Bank, and 
the USAID office in Sudan for their valuable contribution tc the meeting. 

A. Introductory Statement 

The Meeting vas opened en Tuesdsy, 25 Octcber, at 17 hours by Mr. Andrew de Vajda1 
Deputy Director, Land and Water Division cf FAO and Director of the Meeting. After 
greeting the participants and the representatives of ether United Nations Agencies and 
welocming the Offioials cf the Sudan Oovernment, he requested His Excellenoy Sayed 
Mohammed el Relu Moussa, Minister of Animal Resouroes and Water Development, tc 
deliver the opening address on behalf of the Oovernment cf the Republio of the Sudan. 

The Meeting then beard the statements of the Representatives cf the United 
Nations Development Program - Mr. Hans w. Kamberg, Resident Representative of the 
United Nations Development Program in the SudanJ and Mr. de Vajda, who, en behalf of 

.the Food and Agriculture Organization, speke on the objectives of the Meeting· and its 
value for the Savanna Belt. 

Further statements vere made by: 

Sayed Wadie Habashi 1 Representative of the Eocnomio Commission for Africa, 
Mr. J. Smid1 Representative of the United Nations Eduoational, Soientifio 
and Cultural Organization, 
Mr. M. Le Bousquet, Representative cf the World Food Organization, and 
Mr. Leonard Matovu, Representative of the African Development Bank. 

These statements vere not intended for discussion. 

B. Presentation of UNDP/FAO Proâects operating in the Savanna Belt 

On Wednesday, 26 Ootober, descriptive statements by the various Project Managers 
who took part in the Meeting vere presented and discuesed. A summary of their state­
ments is given in Annex II. 

The discussions emphaeized the need for comprehensive preliminary etudies for 
pre-investment projects. It vas agreed that the etudies should cover: 

(a) 

(b) 

(c) 

An evaluation of the area's food requirements and the expeoted inorease 
in quality. 
The possibilities of developing export crepe in arder tc increase the 
countr,y'a revenue in foreign ourrency. 
A eearch for crops vhich oould be substituted for those new imported 1 
thus reducing expenditure in foreign ourrenoy. 

It vas alao agreed that the studiee should indioate the projeot targets for 
production, and particularly for the more specialized cropa. 
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The Direotor of the Meeting gave brief descriptions of the following oompleted 
projeots which are linked with the development of the Savanna Belt: 

1. Land and Water Resouroes Survey of two river basins in Somalie. 
2. Survey of the water and soil resouroes in the Upper and Northern Regions 

of Ghana. 
3. Survey of the Lower Volta River in Ghana. 

C. Discussion on Development Factors 

Eaoh main factor in the development of the Savanna Belt was outlined in a 
separate paper. These introductory papers are given in Annex II. The present section 
summarizes their ealient pointe and includee the reoommendations made and adopted at 
the Meeting. 

1. ~ 

During the past two decades there has been a substantiel advance in. the 
knowledge of the soils throughout the world. Dr. Robinson's statement (Paper 
No. 1) showed that the soils of the Savanna Belt are not unknown. They are 
relatively diversified and inolude at leest sevan of the ten main soil orders 
recognized in the soil classification schema (7th. approximation) of the United 
States Department of Agriculture. 

A first attempt at a general soil map of Africa was published by CCTA. It 
gave e very general outline (1 : 510001 000 ecale) of the distribution of the 
bread sail unite in the Savanna Belt. 

In most of its oountries soil surveys have been carried out during the past 
20 years. They were made, however, on the basie of varying classification 
systems and methode. As a result, there is a large amount of heterogeneous 
information on Savanna soils, their distribution, agrioultural properties and 
management •. A detailed inventory of this information would enable full use to be 
made of previous work. 

The varying classification systems whioh originated from different researoh 
organizations are now being steadily unified. The methode and techniques of soil 
surveys are also becoming standardized. This will greatly faoilitate not only 
the use of former soil surveys and research, but also the planning of future 
programs. 

A complete standardization of survey methode will be increasingly needed. 
So also will a close adaptation of soil survey programs to the particular 
requirements of individual development schemas. Even though the interpretative 
systems of land capability classification are now more uniform, a fuller stand­
ardization is still needed. 

From the recommended etudies it is possible to make a rough estimate of the 
soil resources of the Savanna Belt. None the lese, the present knowledge of 
their distribution and agricultural properties is insufficiently detailed for any 
specifie program of agrioultural development. 

The Meeting reoommended: 
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Recommandation No. 1 

Further efforts should be made to: 

(a) 

(b) 

compile and correlate existing information on soil distribution 
and agricultural capability1 
unify the various systems of soil and land capsbility classification 
and standardization of methode and techniques of soil survey. 

Reoommendation No, 2 

The final objective of a soil survey is to provide relisble information on 
soils in view of agrioultural development. The following are the main steps of a 
work program on soils whioh will be applicable to most agrioultural development 
prcjects: 

1. Quiok reconnaissance survey of an ares, including the general zone of 
the project. It should be based on the interpretation of aerial photo­
graphy and the distribution of the main plant associations. 

2. Suitable area(s) for agricultural development should be selected and 
delineated fo~ a semidetailed soil survey (ecale, 1 : 20,000 to 
1 : 100,000). The mapped areas would often be larger than the areas 
selected for development so as to oover, whenever possible, a naturel 
ares, auch as a watershed, and tc allow a later overall planning of the 
total ares. The modern techniques should inolude colcur or infra-red 
aerial photography, helicoptere and portable equipment for quiok soil 
tests. 

3. Detailed surveys should be carried out when needed on limited areas, 
such as experimental, station and pilot areas for.intensive development. 

4• Land capability maps should be compiled from the basic sail map, taking 
into account the objective of the development (irrigation or rainfed 
agriculture) the intensity of agriculture and the main crops. 

5· Whenever possible or advisable, maps of the naturel vegetation and 
present land use should also be compiled. The eventual correlation 
between sail distribution, vegetation and land use should be studied. 

Recommandation No. 3 

Representative soils should be described. Detailed etudies should be made 
in the tield and in the laboratory. Standardized methode are essentiel for an 
eaay traneter of knowledge from country to country. The final objective should 
be tc oharacterize accurately the agriculture! potentiel of the main soils in the 
Savanna Belt. 

The main research subjects would be: 

etudies on soil permeability and water retention, 
cation exohange capacity and base saturation, percentage of different 
cations; 
depth of water table and salt content of groundwater1 
modification of soil properties under irrigation! salinity and other 
hazards1 need for a drainace system; 
organic matter and microbiolcgyJ 
soil management (rotation, water and humus conservation, mulching, 
menures, etc.) 1 
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(g) Meohanization would be atudied vith due consideration of aoil 
oharacteriatica and mainly the. atability of surface structure. There 
ahould be trials on the main representative soila in the experimental 
station and, whenever possible, in the fermera' aotual fields. 

(h) The use of fertilizers deserves particular attention. Trials should 
be oarried out on a few representative aoila and on main crops with 
irrigation. The economies of fertilizer use and the w~s of improving 
distribution system and credit ahould be atudied. The organization of 
revolving funds, successful in ether developing oountries, is also 
reccmmended. 

Recommendaticn No. 4 

Training of personnel ahould be actively pursued through fellowshipa, short 
courses and in-service training. Due regard should be paid to field surveys, 
techniques, laboratcry methode and aerial photo-interpretation. Vhenever needed, 
international apeoialists should be sent to organize intensive courses on a 
partioular subjeot. The training would involve national technioal personnel at 
beth high and medium levels. 

2. Water 

The importance of drinking and irrigation water in the development of the 
Savanna Belt in three aeparate paperst 

(a) 

Rainfall and olimatet aee Cooheml, Paper No. 2 
S.urfaoe water• see Bakk:er, Paper lio. 3 
Oroundwater1 aee Ambroggi, Paper No. 4· 

Rainfall and climats 

The limita cf the Savanna Belt in Africa north cf the Equatcr largely 
ooinoi.de. vith tho se cf a semiarid ares south of the Sahara aurveyed by the F.AD/ 
Uhesoc/WHO Agrcolimetolcgy Projeot. 

The &tudy aooentuates the latitudinal alignment of the olimatic zones and 
the meridional direction of the olimatio gradients. Mean annual rainfall varies 
from up to 1,200 mm in the south to very small amounts in the n~rth. The total 
amount for the whole ares approximates to about 2,000 million m /year. In the 
south the rain falls during a summer season of about seven months. The remaining 
menthe of the year are practically dry. Northwarda the ra~ season is progresa­
ively reduced. Thus the northern limita of settled cultivation receive as little 
rain as 225 mm. This falls in a two-months' period and in very varying emounts. 

The high net radiation which accelerates the transpiration and respiration 
of the plants increases the rainfall deficit. 

The following values are typical of the daily potentiel evapotranspiraticnt 

Sunny day before the ra~ season 
D~ during the rainy season 
Rainy day 

8mm 
4-5 mm 
2-3 mm 

These velues can be compared with the mean daily rainfall of 5·5 mm during 
the rainy season. The rainfall efficiency can be estimated at 4 mm. 
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A oomparison of rainfall and potential evapotranspiration makes it possible 
to define quantitstively the short periode of the availability of water, To 
match the growth oyoles of the main orops to these periode is to obtain a uaefUl 
oriterion for the choioe of orops. The data oolleoted by the World Westher Wstoh 
system oan play an important part in increasing the region's food supplies. 

(b) SUl'fsoe vater and groundwster 

The beat possible use should be made of water, whether it is in the form of 
rainfall or surface flow, or oomes from underground. 

Just as a cross section of the aro from north to south shows an inorease in 
annuel rainfall, so it also indioates an inoreasing possibility of rainfed 
agriculture, 'lha, h'the general pattern for water development from north to south, 
there is a decrease in the relative importance of groundwater development and a 
oorresponding inorease in the relative importance of the development of surface 
water. 

Throughout the ares there is a need to retain and control aoil moiature. 
This oan be beat achieved by proper agricultural praotioes. 

The tzpes of Water Development in the Savanna Belt oan be grouped under four 
headings, The following order of presentation, however, is not neoeasarily their 
order of priority, The four headings ares 

1, Large aoale irrigation development from major rivera 
2, Medium aized irrieation development from local water resources 
3. Small aoale water supply aupporting and supplementine rainfed 

agrioul ture 
4, Water supply in the zone of primarily nomadio grazing. 

Large ecale irrieation systems are developed from the major rivera, whioh 
have their water. sources outside ths Savanna Belt. Their total annuel water 
resouroes are about 130 billion m3jyear, The ceiling for the actuel area to be 
put under perennial irrigation from the major rivera is probably 5 million 
hectares, Most of these development possibilities received early attention. A 
vast amount of experience is available in the Nile schemas (Sudan) and in the 
"Office du Nieer". 

Medium sized irrigation sohemes depend for their water resources mainly on 
the non-perennial river systems and groundvster bodies in the arc of rainfed 
agriculture. 

Systematic knowledge of these water resources is very soares, but a large 
amount of experience bas been gained from schemas, designed or also constructed, 
in Northern Ghana, Upper Volta, Niger and Sudan. Pilot ezamples are available in 
the UNDP projecta of Jebel Marra and Kordofan in the Sudan. Ezam:ples of the 
spreading of flood water ezist in North Africa, Saudi Arabis, l•Iauri tania and 
Sudan (Tokar and Gash). 

The total potentiel of this tJTe of development is not yet known. 

Small ecale water develo~ment at household and village level is primarily to 
supply water for stock and dome&tio use, but it should also include small scala 
irrigation, thereby supporting various developments of rainfed agriculture. The 
soope of the small scale irrigation can range from the household garden to the 
garden of a large mechanized farm. It oould also u•clude a vhole villaee. 
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There are varioua techniques for exploiting surface water and groundwater 
for these purposes. Continued attention, however, should be given to the special· 
techniques for supplying water for households and gardens. 

The quantities needed for domestio consumption are. small. If planned from 
the start as sanitary supplies, the water can usually be made suitable for 
drinking, and at little extra oost. 

Nomadio grazing• Development of water supply in the northern part of the 
Savanna Belt is the main problem of nomadio grazing. The sources of water will 
be mostly from underground. In special oircumstanoes, however, they oan alec be 
from the surface storage of rein or flood waters. 

Fundamentally, enough is known for the planning of groundwater development 
to be started on a sound basie. For nomadio grazing, the problem of groundwater 
is not its quantity, but its actual location. 

The livestock and groundwater project in Eastern Niger forme a general pilot 
project for this type of development. Advantage should be tsken of the experience 
gained from it. 

The Meeting reoommended1 

Recommendstion No. 1 

More detailed data on local olimatio conditions are needed. The World 
Weather Wstch system will be very helpful in the Savanns Belt, where the vsrying 
climatic conditions are a major limiting factor in agricultural production. 

Reoommendation No. 2 

In all agrioultursl development schemas and projects in the Ssvanna Belt, 
where olimatio conditions need to be more closely scrutinized, the greatest care 
should be taken to co-onlnste the instrumentation of the agroolimatological and 
hydroolimstologicsl stations and to bring the national network into lins with 
WHO practices and plans. 

Recommandation No. 3 

Reference stations in which evspotrsnspiration and radiation can be direotly 
measured need to be established in the Savanna Belt. By studying the correlation 
between the two factors it would be possible to estimate the water requirements 
of large irrigated perimeters. Reference stations played a uaeful part in the 
UNDP (SF) projects for developing the Senegal river and Lake Chad. 

Recommandation No. 4 

Sinoe the water resouroes from the major rivera need to be developed 
aooording to integrated plans, the surveys should be undertaken on a lone-term 
basie and involve the firm commitments of beth the UNDP and the Governments over 
at leest a ten-year period. 

Recommandation No. 5 

The establLWOment of Pilot development schemas should receive early attention, 
since it is the most suitsble step towards solving the problems of ultimate 
development, inoluding their teohniosl, economie, soc~al and financing aspects. 



Recommandation No. 6 

Further assistance should be given, if necessar,y, to improve the utilisation 
ot irrigation systems whioh already exist. 

Reoomœendstion No. 7 

Projeots should be established where medium sized irrigation development is 
integrated with rain:f"ed agriculture and animal husbandry in order to gain more 
experience, inoluding the social and economie aspects of the development, at 
district level. 

Recommandation No. 8 

Attention should be paid to the opening up of new areas for rain:f"ed 
agriculture throueh their water supply. 

Reoommendation No. 9 

An overall plan of groundwater development closely related to the available 
grazing resouroes and the periodic migrations should be prepared and advantage 
taken of the general experience geined in the present pilot projeot of Eastern 
Niger. 

3. Range Management and Livestook Production 

The variability o:f" the factors indioated in the preceding paragraphe involves 
a parallel diversity in the plant lite whioh covers the Savanna Belt. This vege­
tation and its development imply, in their turn, a diversity in the animal lite 
whioh depends on it, whether this is naturel (wildli:f"e) or domestio or due to 
suoh human eXploitations as stook-breeding, :f"orestry development and ether forma 
ot agriculture. ·The meeting is not oonoerned with de:f"ining the types of vege­
tation :f"ound in the region, but with oonsidering its &Xploitation by animale (the 
theme o:f" this section, ses Papers 5 to 10 in Annexll) am the eXploitation of its 
:f"orestry resourcea by man (the theme of the :f"ollowing section). For ressons o:f" 
oonvenience, the discussions are reported in the ooncluding section. Seme 
repetition is unavoidable. 

The region is oonsidered to have great possibilities for the &Xploitation of 
its natural vegetation by animale. Their number is unknown, and the :f"ew estimates 
already made are insu:f":f"ioient. At a rough guess, the northern part o:f" the Belt 
oontains about 30 million head o:f" oattle, 20 million sheep, sevan million goats 
and six million dromedaries. Donkeys are more numerous than herses. It is 
hazardous to say how much :f"oraging oover is needed for their nourishment •. With 
extrema reserve, it oan be said that it would be possible to have seme 47 million 
head o:f" cattle in the ares. A large portion of the neoessar,y forage oould be 
produoed on land near the river courses when it is properly developed. The rest 
would be dependent on the local agriculture whioh needs to be shown how to build 
fodder supplies. 

There was an exchange of views on the vital problem of watering herds in 
arid and semiarid zones. 

Their feeding should be studied within the farmework of a long-term program. 
This cannet succeed without the full approval and active support of the pastoral 
people, In efforts to improve the forage on grnzing lands, preference should be 
given to the study and selection of the beat types of local species already nat­
urally adapted to adverse climatic conditions rather than to types whioh are 
introduoed. 
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As far as grazing lands are oonoerned, the emphasis should be on the control 
of fires, a better use of pasture in the rainy season, and an extended period for 
using green forage. All this involves important genetio and agronomie work, A 
particular effort ahould be made to set up national or regional forage stocka. 
Forage banks suoh as the one projected in North Africa should be oreated in the 
Savanna Belt vith the aid of the World Food Program. 

The choies of preferentiel animal categories - oattle versus sheep - for a 
particular olimatio zone is a major programing decision. ~ven as a governmental 
responsibility the ohoice must have a firm technioal and economie basie. The 
particular qualities of the different kinda of animale vas not a subject for dis­
cussion, but it vas emphasized that sheep-breeding provided one of the most rapid · 
ways of aeouring proteine. A lively discussion on gost-breeding showed that, 
while it vas very useful elaewhere to allow free wandering, the animal should be 
tethered in the Savanna Belt. Its breeding should be put on sound lines and 
under strict control. In animal selection, as in plant selection, there should 
be ohiefly a searoh for quality from the looal stocks beat adapted to the natural 
conditions. 

In the eoonomio exploitation of animale and their produots, some stock 
breeders have olearly responded to economie encouragement. There should be a 
definite improvement in the quality of produots when the erperienoe gained in 
varioua parts of the Savanna Belt ia extended and more is paid for young animale 
of good quality than for those whioh are old or mediocre. Theae experiences, 
however, oome within the oategory of a general prioe polioy, whioh is a respon­
sibility of the Government. 

A better knowledge of the sooiologioal background of the stock breeders 
should pave the vay tc more effective methode of teaohing and training, They 
will then have better relations vith the more sedentary people and become inte­
grated into a modern economy. 

A large fund of technioal and soientifio knowledge has been already acquired, 
alike in the Savanna Belt and in other Afrioan regions. None the lesa the 
exohange of information between erperts and the governmental services oalls for 
immediate attention. This should be oonsidered from the viewpoint of oolleoting, 
co-ordinating and then imparting the information. Here the international 
organizations oan, and should, play a vital part. 

Whatever may be the future policies for solving the oomplex problem of 
improving simultaneously the breeding and grazing lands of the Savanna Belt, 
nothing will last without the wholehearted approval of the people whom they 
affect and a oorresponding, but sustained, oommitment by the governmental 
services to pursue them. This is the priee to be paid for a harmonious develop­
ment of stock breeding in the Savanna Belt. 

The agrioultural development of the Savanna Belt must be supported by the 
pre-eminence of nomadio stook breeding in the north. The stock breeders are not 
bound to be integrated into the more sedentary forme of agriculture, but the gain 
on which they could rely from their contact vith people in the centre and south 
of the Savanna Belt ahould be shown to them. Among the essentiel technical 
elements in a policy aimed at improving conditions for the nomade are the devel­
opment of natural grazing lands; the control of firas; the tapping of new water 
resources, and partioularly their rational use within the oontext of a general 
plan; the opening of migration routes suitably supplied vith water; and the 
establishnent of slaughter-houses at strategie points. 

The Meeting recommended: 
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Recommandation No. 1 

There ia an urgent need to prepare an inventory of the vegetation and to 
make particular use of the most modern methode of photo-interpretation, A 
parallel inventory should include the numerical data on the human and animal 
populations acoording to their sooiologioal and eoological grcupings. 

Reccœmendation No. 2 

The analyais of paat and present researoh and etudies will make it possible 
to determine the field in whioh new investigations ara not needed. 

The compilation of former etudies oould be entrusted to the universitiea or 
organizations alrea~ existing in the region (Sudan, Senegal) with the eventual 
aid of suoh international organizations as FAO or rrnesoo, 

This synthesia would later enable the researoh program to be oo-ordinated to 
the region's advantage. 

Recommandation No. 3 

The training of specialiste should not be neglaoted. It is desirable tc 
oonsider the poaaibilities of advanoed apeoialized inatruotion in the eoology and 
management of pasture lands. 

ThoUgh the training of speoialized workers does not present serioua diffi­
oultias, there is at the intermediate leval a distinct lack of personnel who are 
speo1al1zed in the management of pasture lands and in stock breeding. Their 
training should be sufficiently general to enable the pupils, when their etudies 
are ended, to be used for soma ether agrioultural activities without BnT diffi­
cultiea of re-adjustment. 

It ia very desirable that training should be uniform. 

A system comparable to the one established by FAO and the member oountriea 
of the Mediterranean Commission of Grasslands could be oreated for the Savanna 
:Salt. 

Recommandation No. 4 

Exoept in soma aparaely populated regions, most people in the region live 
and feed on their own cattle. To persuade them to change to eoonomio production 
and, in partioular, to aell their cattle advantageously and to feed themselves in 
a 4ifferant way, an important service of popularized information is essentiel. 

Tba popularized information should be directed towards 

developing family-size operations 
handling food products and, in partioular, milk. 

Recommandation No. 5 

The utilization of the available animal resouroea is imperfeot. The multi­
plioity of reoognized administrations and ether factors are partly tc blame, It 
ia reoommended that in eaoh oountr,v a single organization sbould be oreated, or 
atrengthened, to deal with all matters which oonoern the proper use of avsilable 
animal resources, inoluding grazing and pasture lands. 
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Reoommendation No. 6 

There ia an urgent need tc atrengthen the veterinar,y and soologioal services, 
and eapeoially to provide them vith teohnioians at the intermediate leval. The 
integration of epeoialista in vild life iB reoommended. 

Reooœmendation No. 7 

It ie reoommended• 

to open new vater points needed for a better use of grazing land&J 
tc close vater points before the paaturage deteriorate&J 
to improve pumping ohiefly throU&h vindalill pump&J 
to improve the approaohes tc the vater pointa so as to reduoe lossea1 
drinking trougha, inolined cemented surfaces, vind aoreens, aleared 
apacea for waiting and resting, girdle of traes to proteat the 
forage, etc. 

Recommandation No. 8 

As a general rule, dcmeatic harda are not auitably seleoted for food pro­
duction. They inalude too many female adulte. Improved types are no lesa neoea­
aar,y. It is reoommended that male animale of good quality should be aeleoted for 
the governmental establishments instead of vorthleaa animale from local harda, 
vhioh vould be deatroyed. Milk production ahould be organised in the irrigated 
sone s. 

Beoommendation Wo. 9 

In acme oountries there ahould be programa for the syatematio control of 
animal diaeaaeaJ for exemple, protection againat the bovine pest or the pleuro­
pneumonie contagion of oattle. Theae programs need to be o~rdinated at the 
regional leval if any return of the diseaae is tc be avoided~ 

Reoommendation No. 10 

The preservation and management of the vildlife resouroea are an integral 
part of the eoonomy of the Savanna Belt. They should be on an equal footing vith 
the protection of the naturel vegetation. 

It ia reoommended that there ahould be etudies on their beat possible use, 
and ohiefly in certain parts of the arid zone vhere vild gama ia, perhaps, the 
beat source of proteine. 

Recommandation No. 11 

There ahould be a study of markets and an economie approaoh to the problem. 
Tc encourage economie exploitation it is in avery instance neoessary1 

(a) 

(b) 

(c) 

tc build acoess roads to the slaughter-houses equipped with vater 
points, forage reserves and quarantine atatione; 
tc develop faoilities for clearance, preparation of produots, atook­
piling and 'transport 1 
to adhere firmly to the current .Priees eocording to the age and quality 
of the animale. 
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4• Forestrz and Forest Produots and Wildlife Management 

Willan1 in Paper No. ll, oovered various aspecta of forestr,r in the Savanna 
Belt. Trends in'wood consumption show that fuelwood is ~ far the most important 
1tem1 it is followed b7 building poles. For a long tima to coma, fualwood will 
almost certainlT remain the main feature in extensive Savanna fcrastr,r. Certain 
species of the naturel Savanna1 however 1 produoe a better qualit7 cf timber uaed 
fer railw~ alaepera and construction timbera. Others provide important eeocnd­
Ar,y· forest produotat for B%&mple, gum arabie from Acacia Senegal. 

Apart from its produotivit71 the extensive naturel Savanna forest proteota 
the soil and ita oropa from the dessioatin& winds. 

Intensive Savanna foreatr,r can be praotised onlT whan the aiting ia favor­
able. It faoea competition from ether land usee. The aim ahould ba a balanoèd 
agrioultural development. 

Intensive foraatr,r relies heavil7 on the use of axotio spacies. The ohoioa 
of apaciaa depends on the resulta of trials. Thaas are neceaaar,r before large­
scala plantations oan be oonaidered. 

Menee, in ~epar No. 12, streaaed the naad in Wildlifa XaDagemant for 
{a) conservationJ {b) oropping for protein auppliaa1 and (o) reaearch and training, 
eapeciall7 at the intermediate laval. 

The Meeting oonaidered Savanna in the broadest sanaa. This inoludad the 
three vegetation typee of Open Woodland1 Savanna and Steppa1 as dafined ~ the 
CCTA/CSA at a apeoialiat meeting on ph7tcgeograph7 held at !angambi in 1956. Ita 
reoommendationa are 1 therefore 1 presented under three headingat Extensive 
Foreatr,r, Intensive Foreatr7 and Wildlife. 

Reoommendationaon Extensiye Forest;y 

Recommandation Io. 1 

In view of its valuable proteotive funotion, aspeoiallT in the arid zones, 
more attention ahould be paid to the need for oonaerving adequate areaa of the 
Savanna aoo-a7atem; for exemple, b7 leaving bread balte batween arasa olearad for 
davalopment. 

Recommandation No. 2 

Becauae of the ver,r large demand for fuelvood and pelas throughout the 
Savanna Balt, substantiel zones should be set &aida for thia purpoae for a long 
time to come. 

Recommandation No. 3 

Immediate attention ahould ba given to the posaibilitiea of inoreaaing 
industriel uses of acme hitherto unuaed specisaJ for exemple, for railw&T alaapara, 
oonatruotional timbar and partiels boards, ato. At the aama time, there should 
be further reeearoh on the utilization of the lesaer-knovn aeoondar,r timbere of 
the Savanna Belt. 

Recommandation No. 4 

In viev of the local value cf certain non-voodT prcducta - for exemple, 
medicinal products, beesvax, gum arabio 1 tannin - more reaearoh ahould be davotad 
to them. The possibilitiea of UNDP projeota iD this field ahould be speciallT 
oonsidered. 
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Reeommendationèon Intensive Forestrz 

Recommandation No. 5 

' In view or certain substantial advantages of plantations, especiallT for 
producing utility timbers,there should be more emphasis on research in plantation 
forestry throughout the Savanna Belt. Careful speeies trials and a thorough soil 
survey should invariably precede the large-seale planting of speoies exotio tc 
the region. Countries in the Savanna Belt should plan to start researoh at an 
early stage in their d.evelopment of plantation forestry. 

Recommandation No. 6 

In view of the need for shelter and for forest products in irrigation 
schemas, a proportion of all irrigated areas should be devoted to forest 
plantations. 

Recommandation No. 7 

Wherever wind is a serious danger, the possibilities of artifioial shelter­
bel~to reinforoe the natural woodland should be further investigated. More 
cpa!II;itatbno. research is needed into the effect of shel ter bel ta on microolimate 
and agricultural production in the Savanna Belt, 

Recommandation No. 8 

In view of the advantages of small conoentrated plantations in reduoing the 
distances and time involved in oolleoting fUelwood and peles, the possibilities 
of aatablishing village woodlots of eucalyptus or ether speoias on suitable sites 
should alw~s be oonsidered in planning village development, 

Recommendationèon Wildlife 

Recommandation No• 9 

Because wildlife is a natural component of the Savanna eco-system, appro­
priate measures for its conservation should be ineluded in any soheme to maintain 
the protective function of the Savanna Belt. 

Recommandation No. 10 

Wildlife resources oan be eoonomioslly ezploited through 

(a) 

(b) 

(o) 

managed indigenous hunting, as source of protein and animal· produots, 
in regions where domestio stock cannet be kept1 
management within suitable regions to maintain a wildlife population 
for recreational purposes, and particularlT for tourism; 
management within appropriate regions to obtain a high production of 
meat and animal products through game cropping or ranohing wild 
animal species. 

In planning any form of land use, therefore, due consideration should be 
given tc the potential utilization of the wildlife resources. 

Recommandation No. 11 

Because an intensive development of Savanna regions implies a contraction of 
the hebitat of wild animals, development plans should take into account the pos­
sible necessity for the intensified management and control of wildlife. 
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Recommandation No. 12 

In view of the need for trained staff in the proper management of wildlite, 
it is reoommended that institutions similar tc the Collage of African ~ildlife 
Management at Mweka, Tanzania, should be established wherever necessar,y. 

5· Agriculture 

Althougb agriculture was not inoluded in the agenda as a separate subject, 
the Meeting requested the Teohnioal Secretary to make a statement. It then 
reoommended1 

Recommandation lo. l 

There is a need tor pilot &reas and surveys of natural resources and of 
preaent agrioultural patterns with a view to elaborating a co-ordinated devilopment 
plan in whioh all agricultural aotivities - including forestry, livestook and 
wildlife management, and range manacement - would be combined. 

A general agronomist with long experience of the psrtioular area for develop­
ment should be attached tc the survey project team at an early date. He would be 
responsible for outlining the land use pattern and, in the light of the local 
eoological factors, for combining suoh ether possible aotivities as forestry, 
fisheries, range management and livestook. He would also be responsible for 
indicating the additional field work needed for a sound economie evaluation of 
crop production. 

Recommandation No. 2 

The demand of the tast growing population of the countries in the Savazu1a 
Belt for food and for foreign currenoy to further their development and economie 
growth should be met mainly throueh (a) increasing the productivity of currently 
producing unite, and (b) exploiting the undeveloped resources. 

Though all possible efforts to increase the productivity of currently pro­
ducing subsistance and commercial units should continue, the substantiel develop­
ment of hitherto undeveloped resources depends essentially on the successful 
establishment of maximum crop areas. This should be done as soon as possible at 
the outset of the rains in the dry farming areas of the region. 

Owing to the limited &mount of human labour and animal draft generally 
avsilable, the possibilities of mechanized crop production should be investigsted 
ss soon as possible, especially in the fly-infestad areas of reliabla rainfall. 
The aim should be to ascertain its technical and economie fessibilities in dif­
ferent situations and with due regard to maintaining the fertility of the soil. 
Through the> c~ of the agronomist, agricultural engineer, plant breeder 
and eoonomist; it should be possible to determine the suitability of vsrious kinds 
of machines in different climatic and soil situations. The agronomie praotices 
appropriate to the maximum utilization of the machine, the choice of orops for 
meohanized agriculture and the actuel economies of mechanization should also be 
inveatigated. 

Before any schema for mechanized crop production is introduced, there should 
be investigations into the training at all levels of the operators of the schema, 
the farm managers and the mechanios. 
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6. Human and Social Factors, Training and Research 

Human and Social Aspects 

Lunan (Faper No. 13) atressed the insuffioient attention hitherto given to 
axtremely important human and sociological factors in drawing up and implementing 
development schemas. The tendency is now passing •. There is an inoreasing 
awareness that these factors, far from being opposed to the technioal factors, 
are supplementary. They develop alongside them. They are not added as an after­
thoueht. 

No attempt was made to estimate the total population living in the Savanna 
Belt, Aocording to a first approximation, the total would be about 50 million. 
Its geographical distribution depends on the availability of water; first for 
drinking1 and then for the various needs of agriculture. Thus the density of 
population is very low in the northern part of the Savanna Belt and relatively 
muoh higher in the south, 

The birth rate is high and approxima tes to the "na tural" birth rate, In 
certain zones there is a high and compensatory mortality rate. The expectation 
of life is short. A large percentage of the population belongs to the lover age 
groUps. 

One human aspect is frequently avoided because it is so delicate and diffi­
.oult, but it should be oonsidered as it affects seriously the suocess of projeots 
and of development as a whole; that is the Oovernment organization aasooiated 
with the project. 

The view was expressed that the deoiding faotora in determining the Oovern­
ment agenoies to be assooiated vith projeota ahould be their preparednesa to 
o~ and the number of oounterparta they are able to provide, In certain 
instances, the first phase of a projeot may emphasize, for instance, land and 
vater survey and the second phase agronomy and land use, so involving the possi­
bility of change in the Government agenoy. 

Every effort should be made to ensure effective co-~ation within the 
Oovernment organization whenever several departments are oonoerned with the 
objectives of a project, This ie reportedly dona on Oovernment initiative in 
soma instances through Projeot Steering Committees or interdepartmental oom­
mittees. The essential oriterion is that tha.Government continuas·action.in the 
recommended direction after the project assistance ande, 

Linked vith this neoessary ~tiŒn of a projeot with Government co­
operating agenoies is i ts co-cn'<ünatl.on with other assistance programs in the aame 
subject matter field, 

Fermer training and extension 

The discussion revealed a general a~7eement on the need to train the !armera 
and to explain innovations through an effective extension service, if development 
soheces vere to have lasting success, Several aspects vere mentioned• 

The value of demonstrations, partioularly in farmers' fields; 
The effectiveness of reaohing the fermera through the naturel and 
traditional leaders of the community; 
The need for further work among the women in a communityJ 
The need for the close association of an extension service vith 
researoh and trainingJ 
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(h) 
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The need ~o se~ up eztension ~raining in a projec~ a~ ~he earlies~ 
possible moment ef~er the preliminar,y land and water aurveya have 
been completedl 
The value or rinding out vhst rarmera really vant, ir ~hay ara to be 
persuaded ~o inorease produo~ion1 
The value or pilot schemas to test out researoh resulta in the 
eoonomi~ labour, marketing and othar conditions or local rarming 
bercra st~ing large-scala schames1 
The need to synchronise fact-rinding en social and human oondi tiona 
vith fao~-finding en land and vater conditions. 

Fallcvships and ~raining or ccunterpar~ taohnicians 

For the roraseeable ruture, counte:rpart training at ~he highest level must 
continue to be in the European and No~h Amarioan ocuntries. Greater usa rer 
training purposea, hcvevar, oculd be made of the more devalcped ccuntries in the 
Savanna Belt1 fer instance, Sudan and Kenya. 

Fellcvship pericda vere generally insuffioient. Whsravar possible, rellovs 
shculd be selected in the preliminar,y stages cr a projact. Then, efter training, 
they could return to vork as ocunte:rparta to ~he experts. JJ.ternativaly, 
counta:rparts oould reoeive training abroad vhen the perticuler project hss ended. 
It is important that oountarparta should vork vith the experts. 

There ia a general laok of training at all lsvala. The laok or training ror 
economie and devalopment aotivitiss ia particularly marked at the intermadiate 
leval. The great need for training at the aub-univeraity and middle grade leval 
might ba mat by starting projeots for this purpose on a regional beais. 

Training coursas, hovever, become lesa attractive to candidates ir they do 
not lead to degreas. There ia danger of giving too much raaponsibility tc people 
efter their middle oourss training. 

Research 

Devrsd, in .Paper No. 14, stressed the need for increas.ing and improving 
agrioultural research in the region·. It involvaa better co-clitinaticn in the 
teohnioal and rinancial assistance to resasrch as vell as the most effective uaa 
of the available, and very limited, skilled manpover, finance and aquipment. 

To enabla them to asaist sach other in this field, FAO is nov endaavcuring 
to oo-oldim1111 ~he research.vork of the individuel countries in the Savanna Balt 
on an eoo~ogical sone basia. Thus each country ccncentrates en a fev aspecta or 
research, and the resulta are pooled. An unnecessary and ccstly duplication of 
vork is avcidsd. 

Large multi-purpose research centres shculd be developed at the national 
level. They make better use cf available resources and can provide a better 
working environment than the small and single dieciplinary experimental stations. 

Xeasures vere auggeated for reduoing the shortage of suitable men who come 
forvard for research work. 

During the discussion, mention vas made cf the lead taken by Sudan in 
requesting assistance from FAO in retrieving and indexing the available resulta 
cr researoh. 

Prcjects, especially of the pre-investment study type, ehould not launoh 
experimental programs. Instead, they shculd conoentrate on demonstrations vhioh 
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oan encourage farmers to aooept innovations and on faot-finding triala which show 
the economie advantage of a project recommandation, The demonstrations and 
trials should begin &t'the outaet of field operations. 

The Meeting made the following reoommendationa on. (a) human and aooial 
factora1 (b) training! and (c) reaearoha 

Reoommendations on Buman &nd Sooial Fagtors 

Reoommendation No. 1 

More aooiologioal atudies, including a oaretul consideration of traditions 
and problema of land tenura, ahould be undertaken in projeota, espacial}J' when 
they involve the movement of population, aettlement and water use. 

Raoommendation No. 2 

Development planning should not on}J' include the p~sioal and taohnioal 
aspecta, but alec ao aim at improving human relationshipa and attitudes that 
benefioial use oan be made of the knowledge and amenitiea vhioh the projeot 
providea, · 

Bagommendatiop lo· 3 

In projeota Whioh involve the movement of population and settlement, 1t is 
neoessar,r to give close attention tc aanitation and tc preventing communicable 
diaeases. Assistance should be given by the governmental health orgenizations, 
vhioh have a oontinuity of reaponaibility for health mattera, In eaoh of theae 
projeota, there ahculd be finanoial provision to enaure that qualified staff and 
aquipment ara available to cope Yith the problema of aanitation and health. 
Where necessar,r, 1lliO aaeiatance ahculd be gi ven. 

Regommendatiop lo. 4 

When any project ia undar consideration, avery effort ahould be made to fit 
it into national development plana and to give it a definite and enduring place 
in the government structure. 

Project agreements ahould provide assured finance, staff and equipment fer 
the auocessful continuation cf the work begun by the project. Otherwise there is 
a grave danger that many projects will end up as reporta in government archives. 

Recogmendations on Training 

Recommandation Bo. 5 

Efforts ahould be made to seeure a balanced program of training at all 
levela, from the farmer to the graduate technologist. The training of farmera 
ahould be atriot}J' praotical and aimed at improving production and the living 
standards of the rural people. In certain areas, agricultural training at the 
primar,r and middle grade levels 1a the more urgent need, The training of women 
in home economies is very important, provided that it is sdapted to the local 
conditions and to the available materials. 

Recommandation Bo. 6 

To develop and improve production, it is assential for the local people not 
only to aeeept innovations, but also actively to support them. There should be 
projeots for training and supervising extension workers, who will transmit to 
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farmers the result of researoh, teaoh nev techni~ues of vater use, make bene­
fioial use of the amenities of settlement and adopt improved agrioultural methode. 

An extension service is essentiel if fermera are to accept their Government's 
agricultural policy and development plans. 

Recommandation No. 7 

To be effective in inoreasing production, a training program needs the 
support of auch services as supervised credit and farm aupplies as vell ae the 
organization of suitable markets. 

Recommandations on Researoh 

Recommandation No. 8 

Practical appliad agricultural research ahould be improved and inoreased in 
the Savanna Belt. The beat use should be made of the limited staff and faoil­
ities bya 

(o) 

(d) 

Co-~ting national research programs vithin an eoological zona; 
Enoouraging multi-disciplinary research centres rather than small 
experimental stations vhich are limited to one or two disciplines; 
Providing more attractive terms of aervioe for African research 
vorkers; 
Retrieving and indexing existing research data for the benefit of 
future vork and for promoting an improved exchange of information 
between tha Afrioan oountries. 

Recommandation No. 9 

Regional atudies should be actively developed tc inolude auch subjects as 
those aspects of agricultural and forestry research, health and eoology which 
affect the whole region. 

Recommandation No. 10 

There should be a oloser and more effective collaboration among the inter­
national and bilateral agencies assooiated vith the harmonioua development of the 
Savanna region. 

7• Egonomio Aspects 

The basic economie prinoiple in agrioultural development for the Savanna Belt 
ia to ohooae those areas vhere the scaroe vater resouroes, capital and skilled 
management oan be applied to the greatest advan~age (for exemple, those vhioh add 
aost to the living levels, starting vith food, olothing, and shelter) of the 
rapidly increaaing population (aee Paper No. 15). 

Certain criteria are reoognized as the bases for priorities in seleoting the 
areas to be atudied. In addition to improving the diets of their farm familias 
involved and of the workers throughout a country, those areas vith the potentiel 
ability to earn foreign exchange and/or produce geode vhich would substituts for 
importa should reoeive first priority. Other criteria inolude the ability to 
carry out a project vithout excessive infrastructure costa, the potentiel to 
increase employment in productive enterprises, and the relationship and relative 
importance to the establiahed development polioies and plans of the particular 
Government. 
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There are lwo approachea to lhe oarrying out of development projoots. One 
firsl indioates what is leohnically feasible and lhan determines whether it is 
eoonomioally feaaible. The other first determines what an area needs for aooel­
erated development and then what are the required technical measurea. To reduoe 
the time taken for seleoting workable projects, the two approaches should be 
oombined, sinoe the technioal and economie phases complement and supplement eaoh 
ether. 

Recommandation No. 1 

The economie and teohnical etudies ahould take place aimultaneouely throush­
out the life of the project, thus providing the neoessary technioal and economie 
data for periodic appraisala of the potentiel uaefulnesa of the technical work in 
progress and for the final economie feaaibility atudy of the proposed follow-up 
projects for inveatment. 

Recommandation No. 2 

Timing and content of economie etudies in the UliDP..FAO Land and liater Use 
Projeota for the Savanna Belt should be given grester emphaais in order to (a) 
set forth the aoonomic and social contributions arpected from the prcject1 {b) 
determina the relative importance of the projeot in the overall economie, social 
and politioal development of·the country1 and (o) apeed up the determination of 
the project 1 s economie viability. To accomplish this, provision should be made 
in eaoh projeot request for an international agrioultural production economist as 
an early member of the projeot team, with one or more full-time oounterparts. 

Recommandation No. 3 

To inorease the effeotiveness and usefulnese of the economie appraieale (of 
investment projects) which are the basie for decisions by planning and finanoing 
bodies, project managers and economiste should present the information clearly 
and systematioally. Suoh a procedure is set forth in "Economie Aspects and 
Eligibility of Projects for International Financing", nov available from FAO/IBRD. 
This, or a similar, procedure provides for an eoonomio feasibility analysis of the 
projects which will show (a) the "benefit-cost" ration; (b) the 11 internal rate of 
returnJ". and (o) the "capital-gross value added" ration (total investment­
incremental gross value of production). In addition to the financial etetements, 
the "intangible" benefits should also be indioated, so as tully ta explain the-mèrit 
of ezecuting the project. 

This information will be uaeful for possible investment ~rojects with the 
World Bank (IBRD), the International Development Association (IDA), the African 
Development Bank (ADB) or other possible sources of investment funds. Theae 
international sources of funds are available for large river irrigation sohemes 
(including pilot development schemas), medium-sized irrigation sohemes, and aome 
small-scale projects for water aupply, or a part of a aufficiently large agri­
cultural development project. The funds are also available for nomadio livestook 
develcpment projects which require water development in the nomadic zone. Funds 
for agricultural production and supplies are available from agricultural banks,_ 
fermer c~epemtive credit associations and individuel savinga. Much of the 
investment required for infrastructure will be financed by the Government from 
ita budget. 

Recommandation No. 4 

Because of the dearth of information available in the Savanna Belt, special 
farm management etudies should analyze (a) the economies of alternative enter­
prises {orops, livestock, nomadic livestock, and forsstry)l (b) alternative 
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a;ratema of farmins (oaah oropa1 liveatook and mued); and (o) aUe:rnative 
sources of farm power (human1 animal, and meohanioal), aapeoiall;r on the rainfed 
ola;r plaina. The atudies ahould be oonduotad on both the rainfed and irrigated 
lands. 

To help farmera in making decisions to invast tunda in adopting new prao­
tices and farming s;retema, small pilot experimental-exploratcr;r plots on t;rpea of 
crops, varieties, fertilizers and cultural praotioes ahould be atarted at a ver;r 
earl;r stage in the projeot. 

At the end of two orop ;reara, the data ahould enable amall pilot farm or 
farming s;ratema demonstrations to be set up. Later, large pilot demonstration 
schemas (500 - 51000 farmera) could be planned, if the preliminar;r eoonomio 
feasibilit;r anal;rses indioate projeot viabilit;r. 

Special economie etudies of nomadio liveatook production, holding ;rarda and 
fattening pene as wall as small farmer forage orop production for nomadio live­
stock ma;r be needed in certain areae. 

Recommandation No. 5 

Binee veter ia ,major problem in the Savanna Belt1 special etudies on its 
economies should be made. The;r should inolude the oost (and values at the point 
of consumption) of drinking vater for humana and animala, as vell as the oost of 
irrigation vater for large, medium and small irrigation vorks. As a preparation 
for these etudies, FAO and IBRD ahould provide the projact manager and aconomiat 
vith appropriate vater aoonomios data obtained from current and eatabliahad pro­
jacta of a aimilar nature in the Savanna Belt and in adjacent areas. 

Recommandation No. 6 

In viev of the long distances from looal, national and vorld marketa in most 
of the Savanna Belt and the lack of eduoational, health and government aervice 
facilities, there should be special atudiea on transport oosta (air, rail and 
road), communications and infrastructure costa. 

Recommandation No. 7 

There ahould be marketing etudies for (a) 8%port and periahable produota; 
(b) handling and atorage chargea; (c) proceasing possibilities to reduoe bulkineaa 
and to inorease the area'a groas revenues; (d) local and national consumer pre­
ferences; and (a) improvementa in marketing and ~iatributive organizations. 

In large development projeots1 there. should be ~revision for the practioal 
training of personnel to vork for ~a) co-operative,, lb) marketing boards; and 
(c) other marketing enterprieee and eervioea. Demonstrations of effective 
marketing methode together vith paoking and procesaing plants, vholesale and 
retail markets, atorage and other operational marketing facilities ahould also be 
planned. 

There ahould also be demonstration& of the va;ra in vhich to implecent the 
contraotual arrangements whereb;r produoe ia grovn, graded, and delivered1 accord­
ing to the apeoific requirements of knovn conaumer and prooeasing markets. 

Recommandation No. 8 

Sinoe traditional prestige values and the subaiatenoe non-cash eoonom;r part 
of the Savanna zone are hindrances to overall economie development 1 partioularl;r 
in the efficieno;r and utilization of livestook reaources1 the va;ra and meana of 
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transforming the eoonomy of the livestook enterprises into a cash economy should 
be investigated. Demonstrations which would stimulate interest to procure money 
for nseds, hitherto unfelt, deserve special attention. An example tc be etudied 
is the experience gained in projectine the Zande Development Soheme in Equatoria 
Province in Sudan on the joint basie of production and trading divisions, 

D. General Conclusions presented by the FAO Secretariat to the Meeting 

The Meeting provided a fairly general survay of the human, olimatic, soil, animal, 
agricultural and capital rasources of the Savanna Belt. These resouroes are sub­
stantial and, if properly developed, oould provide an increasing population vith a 
much higher living standard. Nevertheless they are below those of most ether eco­
logical regions in the vorld, therefore assistance from other parts of the world will 
be an essential factor of Savanna development, The total amount of assistance from 
various sources is, hovever, limited. 

Though assistance from the United Nations and its Speoialized Agencies has not 
been negligible, it does not meaeure up to the neede of the Savanna Belt. The main 
problem is to maks the assistance already offered or promieed as effective as pos­
sible. A main purpose of the Meeting, therefore, vas to decide how to co-ordinats the 
various efforts in the Savanna Belt. 

ID this respect, the Meeting unanimously recognized that the paramount condition 
of development is to achieve a complete oo-ordina~ and collaboration of projects 
vith the tvo fundamental factors in each country of the Savanna Belt: its Government 
and its people. The continuity of Government polioy, defined by national plana and 
oo-aaünated at all levels, is a prier obligation. The Meeting proposed specifie 
recommendations in viey of suoh co-ordination. 

Successive adjustments will involve consultations vith the Governments at top 
level. It is1 however, important to maintain the prinoiple of collaboration and to 
assure that each projeot has a permanent place in the governmental structure and 
programs. 

On a number of occasions, the· Meeting emphasized the important part vhioh the 
local people must play io making projects suocessful, and particularly in folloving 
them up. It reoommended thst more attention should be given tc economie, social and 
human factors in preparing pre-investment etudies. 

At the present time, the most limiting factors to development in the Savanna Belt 
are vater use, communications and capital resources. They should be given prior con­
sideration. 

The natural conditions and resouroes of the Savanna Belt should be fully appraised 
before any planning for development is undertaken. 

The Savanna Belt centaine large areas of soils with a good potential. The7 need 
tc be surveyed and delineated. For many years to come, in fact, soils are unlikely to 
be a limiting factor in the development of the region. 

Water - vhether rainfall, surface vater or groundwater - is an important resource, 
but it is ill distributed and misused. Rain water, which amounts annually to seme 
2,000 million oubio meters for the whole region, is concentrated in a single season. 
This season diminishes from about sevan months in the south to lesa than tvo months in 
the north, vhere rain falls irregularly and in short spells. Where the intensity of 
rainfall is often high, it can cause erosion. 
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In a greater part of the Savanna Belt, vater resources are mainly iD the forma of 
rainfall and runoff~ In areas vith a rainfall higher than 300 mm, emphasis should be 
mostly on a balanced integration of rainfed agriculture and forestry vith animal pro­
duction, Attention ahould be given to diversifying crops, improviDg agricultural 
techniques and, vherever advisable, makiDg good use of mechanization, In northern 
areas vith an annual rainfall of leas than 300 mm, livestock production should be 
oombined vith range management and a oareful use of the scanty vater resources for 
drinking and supplementary irrigation. 

The four main river valleya represent the chief surface vater potentiel of the 
Savanna Belt, Their potentialities for aerioultural development should be studied 
separately; first by a general reconnaissanoe, vhere required, and then by more 
detailed surveya, vith a view tc finanoing the establishment of large irrigation 
projeota. 

In all areae, priority ahould be given to demonstrations and to training projeots. 
Studiea of home and azternal market• oan play a vital part in gradually leading the 
people from a aubaistenoe to a market eoonomy. These atudies ahould also inolude 
methode of improving transport, 

Wherever applicable, the economie criteria regarding eligibility for finanoing 
should be established for ~he various typas of agrioultural development and for the 
improvement of infrastructure. In this vay, possible investors are provided vith a 
wide range of conditions. These conditions, when aubjected to a comparative 
evaluation, could assist aovernmants in selecting their economie priorities, particu­
larly when a choioe h&s to be made between irrigated and rainfed agriculture. Avail­
able external capital reaources ehould be seoured to the more promising conditions. 
For those lees favorable, grants rather than loans should be used. 

Here &gain a plea is made ~or the ~~nation of effort. Members of the United 
Nations family should frequently consult among themselves to ensure that this strategy, 
if adopted, is firmly oarried out. The Governments, in their turn, should oollaborate 
closely in oo-m~ing the assistance which they reoeive from outside the United 
Nations family, Aocording to plan, this assistance should be assiened to development 
projeots not eligible for external finanoing, which would impose too great a load on 
publio finances. 

Finally, the progressive advance in knowledge and the assembling, study and dis­
tribution o~ the technical information gathered in this huge region should be the 
abject of an overall plan vhioh reflects simultaneously both the need for further 
agrioultural research and the most appropriate means for pursuing it. Every effort 
towards co-~tion and standardization and towards an increased effioienoy of 
demonstrations is a etep in the right direction, 

Proposed oreanization 

As a result of the Meeting, the Secretariat proposed the following action to 
implement this strategy, 

1, ~ permanent smsll panel should be established by FAO to oo-aritinate action 
and ensure its continuity, to gather information and to redistribute it. 

2. This permanent panel should draw as required on the services of a group of: 

~
al Specialiste from Headquarters; 
b Experts from projects in the Ssvanna Belt, FAO Regional Offices and ECA; 
o Consultants to be recruited; 
d Representatives of ether UN Agenoies invited as required. 
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3. The tunotion ot thia group will bat 
(ba) to oentraliza and olassitr availabla documentation, 
( ) to identif7 projeota, draft preliminary re~ueata and auggeat 

prioritiea in lina vith the. approved atrategr. 
4· The Governmenta ahould be enoouraged to aet up an association ot oountries 

or an inter-Stata oommittee to provide liaison vith the United Nations 
tamil7 tor the neoesaary development of the Savanna Belt. 

5· A panel of senior consultants ahould be nominated to meat at one-rear 
intervale in order to select from identitied projeota thoae to ba aubmitted 
tor United Nations Development Program approval, and to suegeat a aohedule 
ct operations tor a long-term period tor theae projeota, taking into aooount 
the tinanoial terms. 

6. The assistance of the UNDP ahculd be aought to implament the above 
raoommendationa. 
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ANNEX II 

TRANSlATION OF TI!E OPEN"ING ADDRESS OF HIS EXCELLENCY 
TI!E MINISTER OF ANIMAL RESOURCES AND RURAL WATER 

DEVELOPMENT 
' 

Lt.dies and Gentleman, 

,LA aSF/SD/66/DTF/1 

It gives me great pleasura to welcome yeu, our honourabla ~aste, men or science 
and learning, and our countrymen who partioipate in this important oonrerenca on 
developmant or the savanna belt in Artica'. 

We attaoh muoh importance to the objectives or this conference, not only bacausa 
it has been initiated as an important issue b,y an import&'Dt.world organization, in the 
aotivitias or whioh we are honored to partioipate, but also because the devalopment 
of our savanna belt is our maanÎI ror largar economie devalopment and raising of our 
st&'Ddards or living and prosperity. 

Ladies and Gentlemen, 

The BaV&'Dna belt in the Sudan covers the widest and the most important areas, Its 
devalopment in"broad objectives me&'Ds the development of the whole country vith· the 
exception of one third in the form or semi deserts and deserts of the North, the 
swamps or-the Upper Nila and the tropical forest balt. The belt includes under dry 
farming our main production centres ror .orops and livestook and tharefore it is the 
baokbone or this oountry1s aoonomy and wealth. In it now live over 7~ or the 
population who produoe as muoh as 9~ of the national inoome. The potentialities, howavar, 
for moraaocommodation of people and more production ara very great. 

We oonsider that the development or the economie possibilities which this belt 
offers is the hope &'Dd rasponsibili t;y or avery Sudanasa, but this goal cannet be 
aohieved without the use or proper scientifio means and hence you are the people to 
whom wa can look for help. 

It is with much satisfaction and gratitude that we appreoiate the Special Fund work 
in Kordof&'D and the Nuba Mountains and its work in the fields of Forestry Education 
and Soil Survey and the Surve;y of Jebel Marra. These Special Fund Projeots have dona muoh 
work in the. rield of agricultural rasearch for better orope, rorestry and pasture 
production, basides other activities on provision of domestio water supplies for man 
and his beast. 

Ladies and Gentlemen, 

Some of the erforts of the governmant of the Sudan in this belt can also be seen 
in the devalopment of the irrigeted areas in the Gezira, Gasim El Girba, and the 
pump schemas scattered on the banks of the two Niles, basides the new Rosieres dam built 
for the irrigation of projacted Rahad and Kenan& Schemas. 
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The achievement of the government in the field of animal production is aleo 
olearly indioated b.r the oontinuous riss in the numbsr of animale as a result of very 
active vsterinary care vhioh chsoked serious epidemies and common diseases. This polioy 
1s adopted b.r the Government in the hope ci' malàng full use of the animal wealth of the 
country. It necessitates oloser action in the improvement of range land, animal breeding 
and production and marketing. 

Ladies and Gentlemen, 

The conservation and development of the natural resources of the country as a 
whole also take much of the attention of the Qovernment. It is realised that land, 
pasture, forestry and water form the backbone of our agricultural development now 
and in the future. We be lieve tha t keeping the se na tural re sources in good condition 
and using them on proper scientific bases should guarantee oontinuous production 
vithout deterioration. 

Since 1he Elld of the last world var the Oovernment has achieved much in the field of good 
use of our natural resources and much of this vork vas done wl th the help of ~Ir. de ' 
Vajda, the Director of this ·~onference who contributed much to those achievements in 
hard executive work as an official of the Sudan Government. 

The Government is now launohing a large projeot for making available domestic 
water sulpplies in this central belt of the Suden to remove a barrier prohibiting a 
vider and proper land use. 

Ladies and Gentlemen, 

This long introduction is merely a register of some of the activities and 
achievements vhich may be part of the subjects you are going to disouss in this 
Conference, on vhich the eyes of many African states are fooused. We have been 
very much honoured to have the conference held in Khartoum. 

It pleases us very muoh that other African countries make use of our achievements 
as much as it pleases us to make use of some of their conditions. 

It is very gratifying to note the many interesting subjects on the Agenda of the 
Conference dealing wi th the various research works in the various sis ter African 
states. 

I ahould like to thank all who have been able to attend this Conference,and in 
partioular our honourable guests of the Special Fund,the FAO and other International 
Orsanizations of the United Nations, not only for holding this Conference in the 
Su4&n bu.t &lso for the much appreciated joint work in Kordofan and Jebel ~larra and 
other field1 of agricultural and social work in the Sudan. 

L&1t bu.t not least,' it gives me great pleasure to thank again !.Ir. de Vajda, the old 
friend of the Sudan0and express to him our deepest gratitude for his previous hard 
productive vork in all parts of the Sudan and for the continuous advice and support 
he ha~ maintained up to this day. 

Thank you and God bless you all. 
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STATEMENT BY HANS Y, IWIBERG 

Resident Representative of the United Nations Devalopment Program 
in Sudan 

Your E:z:cellency, l!onou:rable Cluests, La.dies and Gentlemen, 

It is a great honour for me and a very pleasant duty to walooma you in the name 
of the Ad.ministrator and the Co-Ad.ministrator of'\he United Nations Development 
Program to this most active city of Khartoum, and to this meeting on the Development 
of the Savanna Belt in Africa, 

You have come to this capital of the country in Africa covering the largest area 
just a few daye after the second anniversary of the October Revolution wh1chre-6stablished 
democracy in the Sud.an, Tha t i t was possible to arrange this meeting such a short time 
after extensive festivities on the occasion of this anniversary is largely due to the 
untiring efforts of our Sud.anese friands, I am sure you will allow me to be your mouth­
piece in expressing our heartfel t thanks to the President and the )!embers of the 
Supreme Council for welcoming us to this highly interesting country and seeing to i t 
th~t faoilities are extended for the oomfortable conduct of this meeting, Our appreciation 
oertainly also goes to the Prime Minister and the Council of ~linisters and to those 
high Qovernment officials who have taken the necessary steps to make sure that the 
meeting and the field trips can be carried out suocessfully, This, in a very special 
way; includ.es Prof, Mohamed Abdalla Nur, the Dean of the Faculty of Agriculture of the 
University of Khartoum, who most kindly has extended to us the facilities which will 
be used for the various sessions of this meeting, and Dr, »ayoumi, the former Director 
of the Land Use and Water Development Department, who has a long-standing association 
with our United Nations Development Program, being for many years the promoter and 
superviser of one of our major projects in the Savanna Belt, the Land and Water Use 
Survey Project in North Kordofan, 

Before leaving the floor to 141', Andrew de Vajda, Deputy Director of the Land and 
Water Development Division of the FAO, the ~iding spirit of this important meeting, 
to talk about its more technical aspects, I would like to make a few brief remarks. on 
what I would consider the overall significance of your forthcoming deliberations. 

These lie in the following three aspects, One, in the area of social and economie 
development within one country* secondly, in the realm of African regional development 
and O()o()pera tien, and thirdly, in our cons tant task to retine the techniques and 
procedures in providing technical assistance, 

Those of us who are involved in the promotion of development of countries in Africa, 
regard with concern the many obstacles with which planners are constantly faced1 
insuffieient funds, insufficient statistics, insufficient trained personnel, 
insufficient communications, and, above all, insufficient knowledge of facts and figures 
about certain areas of the African continent which lie dormant with possibly unknown 
wealth and potential. Only too often the paramount interest within a developing country 
is directed to areas that seem at a partioular time to be more promising, It is only 
a very natural reaction that developing efforts are directed again and again to places 
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and areas where development has already started. It is thess areas that appear to be 
most promising and easy to develop which constantly attract new attention and 
inves tment. :But governments, fortune tely, are beooming increasingly avare of the 
necessity to carry forward economie development on a bread front, to look into the 
possibilities of development also of those regions of the country whioh have so far 
been left behind. May I, therefore, express the hope whioh oertainly has been on the 
mind of the planners of this meeting that your discussions based on your great 
variety of experience may produce new ideas and new challenges for national planners 
as well as international finanoial and teohnical assistance agencies for the rational 
development of those forgotten baokYard areas within the Savanna Eelt of Afrioan 
countries. 

Another significant ares of interest and of potentiel impact of this meeting 
lies in the rea lm of regional development and O<Hlpera ti on. One very important 
dimension whioh international agencies have added in the last few years to the concepts 
and efforts towards development in the world is the concept of the potentiel development 
of regions which eut aéross national boundaries. What is happening right now in the 
Mekong River kain, in the Paraguay River Easin, and what is hopefully going to heppen 
within the regional project cf the Lake Victoria Catohment Ares, where the interest 
and resouroes of various ocuntries are being pcoled, are but three e%&mples of 
promising developments now geining in impetus in different areas of the world. 

I would hope, thereforè, that this conference will not only serve as a forum 
for the exohange of statistics, descriptions of existing projeots, of researoh resulta 
on land use, agronomies, communications and market etudies, but will also be the 
source of new idees on regional relationships, division of labour and production and 
possibly regional project financing. I suggest, therefore, that vith our feet planted 
firmly on the ground of available technioal knowledge and B%perienoe, we allow our 
imagination to fly high reaching for the yet unattained goals of regional co-operation 
which would oertainly bring the development of the African nations one considerable 
step forward. 

The third ares of.signifioanoe which I see in the calling of this meeting is 
more direotly related to the agencies which provide Technical Assistance. It has to 
do with the refining of the techniques we used in providing technical assistance 
and the consequences drawn from the e%perience geined in our work. Al though this is 
not the first meeting of its nature; I should like to think that it will oontribute 
to providing the international teohnical assistance agenoies of the UN family vith 
further useful knowledge and experience which might be applicable to ether areas· 
of teohnical assistance endeavours. While it is a well-known fact that it is increasingly 
difficul t even wi thin one country to keep track of reports and etudies which ha fe 
been produoed a few years before, and to apply the valuable information contained in 
them, it becomes even more difficult and sometimes almost impossible to take advantage 
of useful pertinent and applicable findings from areas which may be similar in their 
oharaoter but whioh are separated by national boundaries. In recognizing these great 
diffioulties in the &%change of B%perience and findings, the United Nations Development 
Program and the Food and Agriculture Organization have called this meeting to find 
ways and means of bridging the gep in the sharing of experience. 

I am sure that the representatives of all the organizations of the UN family present 
here will look vith the greatest interest at this aspect of your discussions vith a 
view to facilitating exchange of teohnical knowledge and B%perienoe within their own 
fields of activity. As the representative of the United Nations Development Program in 
this country, I have always considered it one of my major tasks to help the experts 
of the various agenoies working in this country to draw on ea.oh other 1s B%perienoe 
and eaoh other 1 s knowledge. Any gethering whioh would help to dissemina te auch 
information not only within one country but within several countries of the same 
region should certainly attraot our greatest attention and support. 
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Moreover, I would like to draw Y,Our attention to the fact that the United Nations, 
the World Health Organization and ~nesco have joined bands vith FAO to share their vievs 
and findings in this Meeting. I coneider this to be a :f'urther demonstration that we 
have now left behind the e&rlier a.ys when technioal assistance to development vas 
all too often seen as the domain of one or another discipline. I m~ point out in this 
oonneotion that in our Land and Water Resouroea Survey Project in Jebel l!arra we have 
oounted, among our erperta 1 hydrologiste, geologiats, agronomista, hortioulturists, 
economiste, soil-survey speoialists, engineers, as wall as medical doctors, road 
experts, sociologiete and anthropologiets. 

With this expansion in·depth of development efforts in mind, the United Nations 
Development Program, without in any sense attempting to.pre-empt the scientifio and 
technical dominance and prerogatives of the Specialized Agencies, does pl~ the role 
of catal;yst, looking for ways of encouraging further inter-disoipli~ approaches. 

~ this exercise in whioh you are engaged to share separately gained information, 
form a oommon body of knowledge about the African Savanna Belt, and ~ it also serve 
as a firat stop to the continued exohange of ideas even if a meeting auch as this is 
not repeated in the near future. The personal relationships yeu will have occasion 
to establish between yourselves will certainly make it possible for you to keep in 
close contact vith each other in the futurs. 

Hav!ng said this, I do not wish to keep you from your work any longer. I onl;y 
wish to thank you for having come to this most interesting and ohallenging country. 
I hope you will bear in mind throughout your discussions the three significant broader 
aspects of this meeting. I wish you avery success in your important deliberations. 
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OJlJECTIVES OF THE MEETING AND ITS VALUE FOR THE 
AFRICAN SA.VANNA BELT 

A. de Vajda 
Daputy Director 

Land and Water Davelop~~ent Division 
FAO Headquarters, Rome. 

LAa SF/SD/66/INF/3 

This meeting i8 the first of i ta ld.nd, bringing together Project !ole.nqers of a 
number of United. l!Tations Davelop~~ent Program (Special Fund) Projects operated by 
FAO, vorking in' the same olimatio and eoological areas 1 having similar problems and, 
to a great e:rtent, similar physioal and even soil oondi tiona. 

The UNDP/FAO have seleoted the Savanna Belt for this firat meeting becauae the 
Savanna Belt of Atrioa, and this appliea alao to the ether Savanna areas, haa a number 
of important o0111111on problems vhich are at present under study. Problems of vater 
supplies, scaroi ty of graaaland and lov agrioul tin-al production have in the past made 
the lite of the pastoral and of the settled population ditfioult. The majority 0 if not 
all, of the countriea in the Savanna belt have beoome independant vithin the last 
fifteen years and this 1 together vith the inoreasa in population and social and economie 
devalop~~ent, ha a madè the se problems more aoute. 

We vho hava lived in and atudied the Savanna area have alvays felt that in spite 
of the scarcity of vater and aoil moistln'e, living conditions in the Savanna could be 
made attractive and oould compete vith ether areas of the Atrioan continent. The 
Atrioan Savanna, epreading from the Red Sea and the Indian Ocean to the Atlantic, has 
a healthy olimate and often autficient capability to maintain a substantial agrioultur&l 
population as vell as livestock. 

I.t ia oertainly vorthvhila studying the meana and methode of inoreaeing the 
potential of the Savanna. for agriculture in i ta broadeat sense, E:r:ohanging intomation 
and making knovn to the vhole Savanna belt the resulta of a%p8rienoe already gained 
certainly deeerves attention. There must be a limit to the productive cap&oity of the 
Savanna and it ia certain th&t the population, due to better he&lth and ether social 
meaauree, will increaae 1 oaueing a surplus vhioh will have to be employed elaevhere. 
A atudy of the beat use of the surplus population ahould really form part of the atudy 
oarried out in most of the Savanna projecta. 

·rt is, therefore, evident that in addition to purely hydraulio and agrioultural 
aapeota many ether probleme have to be studied. One of the main charaoterilltioe of 
the Savanna belt ia the great distance from harboura as vell as betvean inland o~naumera. 
The question of transport, therefore, needs specifie consideration. A oombined l!tudy 
of transportation and markets has to be included in any develop~~ent planning. The same 
applies to industries based on the procesaing of agricultln'al produots1 this not only 
from the eoonomioal point of view, but alec beoause these industries might proTide 
addi tional jobs for a substanti&l percentage of the population. This addi tional 
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emplo;yment Undar Savanna conditions is of very great importance. The creation of 
&dditional joba will become more necessary vith the growth of the population &nd in 
view of the rel&tively limited internal agricultural resouroes. With regard to 
industries, we are thinking in the first plaoe of t&rming industries, cotton mille~ 
procassing of vegatable ails. When planning regional devalo~ent, theae proceaaing 
industries should be linked vith the planning of agrioultural production. 

:llearly all the prcjeota which are repreaented at this meeting deal vith reaouroe 
etudies. Soma of them deal vith irrigation potenti&ll to these belcng soma projeots 
in Somalis, the project in Sokoto, :llorthern Uigeria, &nd projects in the Republio 
of Uiger. The l'l'orthern Ghana project is &lao p&'l'tly directed tcw&rds the utilisation 
of streama for irrigation purposes. But the m&jority of the projecta repreaented here 
de&l·with the conservation of moiature, the provision of drinking watar for man &nd 
livestook, improvement of animal he&lth &nd quslity of livestook, and graas cover and 
&fforeat&tion, inoludillB timber production and maintenance of the gum aoaoia. 

lle have seleoted the Suda.n for this meeting, not only because of 1 ta central 
geographie position and because of the large number of projects in this country located 
in the Savanna belt - theae are the Jebel Marra project, the completed Kordofan survey, 
the Foreatry project &nd &lao the Soil Survay, part of whose activities are also 
looated in the Savanna belt-- but also because the Sud&n ia one of the most representative 
areaa of the Savanna belt and because of the vide &%p8rienoe already gained in this 
country. Hers in the Sud&n projecta a%1.at under climatic conditions whioh vary 
conaiderably1 dealing vith almoat desert candi tiona to the north of Bara and Mazrour 
and e:rtending into areaa of good rainf&ll in the south. 

Aa I already mentioned, this meeti11g may be viausliaed as the firat cf a series 
of meetings which we hope will later develop into seminars dealing with·the varicua 
specifie aspecta of the Savarm.a belt. llh&t we hope from this first meeting ia an 
ezchangs of e:.:perience gathered during projeot operations, as vell as of problems still 
to be solvad. Such experience, which we believe the Projeot Managera and their oounter­
parta &nd .the representatives of the various countries will be able to aubmi t ta the 
meeting, will help to formulate fUture projects in cases where it ia felt th&t certain 
problema have not been studied by any of the e%1.ati11g projeots. It will alao help 'to 
allooate certain apeoifio etudies ta individual projecta where conditions are most 
auited for auèh investigations. 

lle &lao hope that at thie firat meeting contact oan be eatabliahed between the 
varioua countriea vith & view ta close and continued oc-operation in reaearch 
aotivitiea and 1 where possible, in joint programs. Given the great aimilari ty of 
phyaio&l conditions as wall as of socio-eoonomic objective~.auch close co-operation 
and, where possible, joint programa in &11 aspects of Savann& research, will not only 
reault in considerable economies by using resulta obtained in one beneficially in the 
ether Savam~a countries, but the availabili ty of dependable &nd tested re sul ta may 
also facilitate decisions rega.rding specifie programa &nd projeota and help to avoid 
mistakes dus to lack of praotioal experience. The benefit of close co-operation will 
be not only in the teohnioal field but will also improve solutions of organizational 
and operational problems. lle trust th&t contacta eatabliahed duri11g the enviaaged 
fUture periodioal Savann& meetings will help to initiate a number of regional projeota 
aimilar tc the UNDP projects for :the Chad basin and the Senegal river. 

Further, we hope that this meeting will point the vay to a sufficiently intensive 
atudy of groundvater potential which, under the conditions e%isting in the Savanna, 
might be one of the solutions for increasing agrioultural production and improving 
living conditions in large areas hitherto not utilised. This does not mean that the 
h&rnessing of the acsroe aurféoe water should be neglected, neither does it mean that 
bold solutions for the transportation of available river water or improved storage cf 
surface run-off Bhould be ezcluded. Even lesa should this mean th&t efforts to conserve 
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aoil moisture should not continue vith the greatest possible intensity, However, 
ve feel that the utilisation of groundwater haa not been carried euffioiently far and 
i t oan oontribute in the future to an important developnent of the land resouroes, 

It is clear that the problems of the SaV'&Dlla belt must be viewed againet the 
geographical background of the region in its broadest sense where olimate, soil and 
water as well as sooio-economio conditions are the basic elements vhioh will decide 
polioies and programs, 

We also hope that in the light of UP-to-date resulta, this first meeting will 
help in the selection of pilot and actual development projeots for implementation, 
Although we oonsider that at present most of the projeots may not be ready to serve 
as a basis for aotual requests for international finanoing, we hope that this meeting 
will help to olarify ideas as to the eligibility of projeots for suoh finanoing, 

Finally, I hope that the participants, including the consultants, will direct 
us towards new solutions and prepare the vay for future joint work in the oomplex and 
diffioult problems of the Savanns, 



-41-

STATEIDJNT l!Y THE REPRESENTATIVE OF THE 
ECONOMIC COMMISSION FOR AFRICA 

LAI SF/SD/66/INF/4 

V. Habashi, Chief, ECA/FAO, Joint Agrioultural Division, Addis Ababa 

On bshalf of the E:r:ecuti va Secretary of the Economie Commission for Afrioa I wish 
tc thank the United Nations Special Fund Development Program and FAO for making 
it possible far the EC.l to be represented at this meeting.· 

The importance whioh the ECA attaches to this Seminar stems from the nature 
of the problems of economie and social development of this vast region of Africa 
whioh is estimated to occupy about 22% of the area of the Continent, and to be 
occupied by about 22% of all ita popu.lation, and also from the hope we have that 
discussion of the work undertaken under the varioua projeots, the aubject of this 
Seminar,will lead to solution of the problems involved in the beat economie and social 
intereat of the people of the Savanna region in particular, and of the economie 
growth of the oountriea to whioh it belongs in general. 

Seme of us present here who have worked in Savanna areas or travelled through 
them will be acquainted. with some of these problems and will probably have lived them. 

The firat and most important prcblem of the region is its limited water resoùrces. 
Apart from a few river basin areas where irrigated. agriculture sustains fairly dense 
popu.lation concentrations, human and animal life over the greater part depends on 
rainfall whioh also determines the flora and general eoology of the zone. Rainfall 
is not only sessonal oovering three or four menthe of the year, but also variable as 
betwssn seasons, in terme of beth quantity and distribution. At its lower end, rainfall 
ranges between 100 and. 250 mms. per year, and in this part of the region, no orcps 
can be raised, but only short grasses and a scatter of bush scrub grow, on which 
livestock, mainly camels and shee~ can live. Proceeding south, rainfall improves~ 
ranging at its higher limi ts between 500 and 750 mm s. per year 1 and taller grasses and 
a thicker type of tree growth, mainly Acacias and llalani tes species,' cons ti tu te the 
main flora. Here, production of cereale as a staple food charaoterizes the agriculture 
of the region, and sizeable numbers of ·'cattle and sheep thrive. Depend.ing on the kind 
of soil and quantity of rainfall, a range of ether crops like cil seed.s and short staple 
cotton is produced, and forest produots like gum and timber for fuel and local buildings 
are harvested. Where irrigation possibilities exist in parts of the region, perennial 
and. seasonal orops like long staple cottons, fodder crops, cereale, and vegetable and 
fruit are raised., depend.ing on volume of irrigation water, suitability of sail and 
seasonality of orops. 

Sinoe i t is water suppl.J> whether from rain or from river"- which will ultimately 
shape the pattern and decide the e:>:tent of agrioul tural development of the Savanna 
region, thorough etudies and. inventories of water resources must reoeive top priority 
of attention in our etudies, and in this respect our etudies must seek to asoertain 
the most effective and economie means of oonaerving domeatic water for humana and. 
animale during the dry months in the dry parts of the region, and the limita of oertainty, 
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wi th the least hazard, of development and extension of ùy farmil'lg. These are 
important considerations in ae muoh as . no agrioultural development activity of 
crop production or livestook raising oan be suatained if potable water is not 
available after the raina fer h\UDana to harvest the crcpa cr' fer liveatook to çaze 
the pastures, and alsc in as muoh as limited capital reaouroes demand that minim\UD 
risks cf olimatic bazarda be t&ken, · 

Btudies of water resources in terme cf underground water, surface water in 
wells, rivera cr natural or artificial catohmont areaa must essentially take oare of 
investigations of land use oapabilitiea of the soila round the water centres to be 
developed, as effective economie use of the water to be supplied in any ares oan be 
made only to the e%tent of atretoh and orop produoil'lg or livestook oarrying oapaoitiea 
of the aoil round it. This will help in gearing development of water supply to 
optimum economie land use possibilities, and in avoiding situations of investment in 
water development worka in areas where land use oapabilitiea for orop or liveatook 
production are meagre, and investment in capital installations in land beyond water 
supply limita. One oould quo te many e%&mplea of auch ai tu&tiôns. Buoh investf8ationa 
will have to oover the agronomie and production economies aspects of producing varioua 
oommodi tiea, and will be valuable in determining the pattern and soale of feasible 
enterpriaes to be undertsken. 'l'he organizational, administrative and rural inatitutional 
aspects of control of n\UDbers of farmera and/or n\UDbera of stock to the limita of 
resouroes available sa different situations m~ demand, and of the neoesaary asrioultural 
services to the aohemes to be developed ahould slao not be negleoted. 

Another problem of the Bavanna region ia the problem of distance and means of 
oommuniostiona and transport, Coat of transport is an important element in the oost 
of production of the oommodities to be produced, and the speed vith whioh produoe oan 
be brought to the market in the right shape and condition is bound to influence its 
marketing opportunities, 'l'he Bavanna region is land-locked and faoilitiea of trunk 
road or rail services and of feeder orop extraction roada to bring i ta produce to 
main oonB\UDption centres or export pointa are neoeasary. 'l'he oost of opening roads or 
extendil'lg railways is bound to be influenced by the extent of the development to be 
served by auch facili tiea, and the vol\UDe and value of produoe to be oarried from 
production centres and of the geode to be carried into them. 'l'he need for oareful 
consideration of the economies of communication and transport faoilitiea, and of the 
anoillary requirement of atorage oonnected with them cannet be over-emphaaized. 
Information available about the teohniqùes and eoonomioa of road transport under 
different aoil conditions in Africa is inadequate and is not atandardised, and exohange 
of •%PBriences in this field will help developing the right approach to eaoh situation, 

'l'he relative economie merita of moving livestook on the hoof with all that is 
involved in this means of transport in the w~ of ensuring adequate pasture and water 
requirements en route, of moving it as meat from slaughter-houses strategically 
looated by air or in refrigerated trucks or rsilway wagons, and the relative economie 
merite of moving produce such as oil seeds and cotton in whole, semi processed or 
fully processed forma demand investigation. 

lie have alre&dy noted that the population of the Bavanna region is estimated at 
about 22% of the whole population of Africa, In absolute terme of number of people per 
square mile, the population is thin and soattered, but in relative terme of work 
opportunities available at the present state of development, there is a surplus of 
h\UDan handa which oan be more effectively occupied wi thin or outside the region, How 
much of the active productive part of this population oan be utilised in development 
within the region will depend on the nature and aize of the projeots whioh evolve 
from the etudies in hsnd and such ether etudies as may be undertaken in future, 'l'his 
will in turn decida the aize of surplus labour which may be available for inveatment 
in high labour demanding enterprizea outaide the region. It is a well-known fact that 
auch operations like cotton picking in currently operating enterprises like the 
Gezira soheme in the Budan, and cocos, rubber and oil palm pioking in plantations of 
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oountries of the West African Coast depend for their timely performances on mobile 
labour whioh miçates from the Savanna areas of these oountries, and even from 
Savanna &reas outside politioal boundaries for work on auch schemas ~between rainy 
seasons, ~e economie use of labour in development projeots within the region will, 
therefore1 have tc be assessed in relation to the impact auch use may have on the 
requirements of auch running enterprises currently dependent on auch labour, 

~ese considerations will essentially pose e2amination of possibilities of 
mechanizaticn of operations under different situations within and outside the 
Savanna. region1 etudies of the economies of mechanization where teohnioally feasible, 
of i ta requirements in the .way of skilled mechanios and opera tors and of the way and 
means whereby auch requirements oan be met must also be made, ~e problem of skilled 
manpower at all levels as a scarce resource in Afrioa, will have to be studied in 
respect of the requirements for it within the region, in the contezt of the national 
requirements of all sectors in each country for this scaroe resource, 

And last, but not least, the prcblem of capital as a soarce resource in Africa 
must ocoupy a central place in our etudies, Investigations must cover estimates of 
capital establishment and operating costa, in oomponents of foreign and local currency0 
indications of possible sources of financing and oost of auch financing in the short, 
medium and long term, 

Inteçation of all these etudies and researoh should enable us to determine the 
optimum utilization of scarce resources for the effective inorease in productivity and 

·production in the region and its contribution to the economie growth of its oountries. 

~e Economie Commission for Afrioa, in line with its proçam . of working to 
promo te regional economie co-operation and intra-Afrioan trade0 fi:ms çeat hope a on 
the outoome of these etudies, and greatly commende this approach of bringing ezperienoes 
from different parts of the Savanna region together for ezohange of views and 
discussion of problems of oommon interest, and in it, it feela it ha• support for 
its strategy of working tc promote aub-regional co-operation in the economie and 
social development of Afrioa, 

We wish the Seminar every aucoess and we hope that the etudies in hand will 
yield reSulta to enable the national planning of projeots tc be implemented for the 
economie benefit of Afrioa and the well-being of its people. 
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STATEMENT :SY THE REPRESENTATIVE OF THE 
A.FRICAN DEVELOPMENT BANK 

LAa SF/SD/66/INF/5 

L. D. Matovu, Permanent Secretacy, Miniatcy of Commerce and Industcy, 
Kampala, Uganda 

Mr, Chairman and diatinguished Delegatea, 

The President of the· African Develo]lllent Bank, !Jr, Mamoun Beheiry, haa asked me 
to convey hia most sincere greetinga to this Joint Meeting of the United Nations 
Development Program (Special Fund) and the Food and Agriculture Organization, and 
his beat wiahea for the wcceaa of this very important meeting. It ia hoped that the 
discussions which will be held during the following daye will be very fruitful and 
that appropriate ways and means can be found for the implementation of their resulta 
to the benefit of the people in the Savanna Belt, 

The Afrioan Develo]lllent Bank whioh I have the honour to represent at this 
meeting is a relatively young institution - it is only two years old, With a membership 
of twenty-nine independant African countries as shareholders, 'the Bank oovera most of 
the Afrioan continent, Within a period of two years since its inoeption, the Bank has 
consolidated its position as regards ataffing and increaae in the number of member 
countries, As you may know, the Bank has started its operations since July of this 
year and it ia now developing a general credit policy. Already the Bank has sent 
missions to several countries to examine specifie projecta for finanoing from its 
funds. 

The African Development Bank attaches great importance to agriaultural questions 
and particularly to those which by their very nature may be capable of giving greater 
impetua to the economie and social davelopment of those areas or regions whioh in 
oompariaon with ethers in the same continent of Africa appear to be lesa favoured, I 
would like to assure all of you. that matters concerning the agrioultural sector are 
well to the fore in the mind of the President of the Bank, Our presence here is not 
merely symbolicl it demonstratea to all concerned the desire of the Bank to learn more 
about the agricultural problems of its member countries1 the aim ia also to investigate 
any concrete forma of finanoial assistance whioh may be granted in order to implement 
any programa which the e:z:perta may draw up in meetings wch as this one. 

t:r, Chairman, we in the Afrioan Development Bank realise that there are many 
organizations already operating in Afrioan oountriea in fields which we might well enter, 
The Bank i~·however, not in e%istenoe to compete with any other organization. Its role 
will in certain respecta be complementary and in ethers we hope of a leading and 
pioneering nature. I wish, therefore, to reiterate the Bank's desire to co-operate 
with all specialized agenciea in various fields of activities, and in partioular with 
the Food and Agriculture Organization in relation to agricultural development programs 
and policies, I emphasize the importance of co-operation among the various organizationa 
operating in African oountries in full realization of the faot that developmental 
problems are very many, varied and oomplex in our Continent, We therefore need as many 
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organizations as possible, vorking together and attacking our problems from all aides 
in order to obtain quiok and effective resulta. No doubt soma of these problems are 
peouliar to individual members or to particular areas of a given country, but the 
e%p8rienoe gained by any member country or any area in the A:f'rioan Continent is 
oertainly of great value to the work of the llank as well as to other A:f'rican Governments 
vhioh may have to face similar problems. 

The A:f'rioan Developnent :Bank, as its name auggests, is a bank for developnent. 
Its resources and operations are directed to stimulating and promoting developnent in 
its member oountries. Ita .policy emphasizes that priority should be given to multi­
national projects, that is to say, projeots which benefit several member oountries. 
The multi-national approaoh of the llank implies a collective effort by our member 
countries to achieve the harmonious developnent of their economies. The co-ordination 
of developnent efforts demanda the most efficient and profitable utilization of the 
limited and soanty resources availeble. WUhin auch a context the llank is nov seeking 
out problems whioh a:f'feot whole areas in A:f'rioa rather than oonoentrating on individual 
projeota. 

This Meeting has assembled to diseuse the problem of the Savanna llelt. Thi:s is 
one of the major problems in many of our member oountries. We vould therefore weloome 
any suggestions whioh the experts in the field may make oonoerning the transformation, 
ezploitation and conservation of the Savanna as wall as specifie aotivities and 
problems suoh as the improvement of soils, land tenure, husbandry, of forestation, etc. 
Va are looking for solutions to these problems in order tc help :f'urther the developnent 
ot the Savanna llelt • 

Mr. Chairman, laoit of markets is one of the retarding factors in the developnent 
ot thli Sa-a ll8lt. It is Uiomatio to-day that trade ia an indispenaable faotor tor 
developnent and economie groltth. Suoh dewlopnent and economie grovth have been 
adwrseJ.:T a:f'feoted in this region beoause of a dearth of markets tor acme of the 
prociuots whioh this area does or oould produoe. D'ev methode and téohniques may be 
applied tc inoreaae produotio.n. llut future production, and therefore grovth, will be 
diaoouraged or arreated if there is no market for what is produoed. The national. aarkets 

· otaJI.oountriea in. the Savanna llelt are very small. This is beoause th8se oountriea 
h&ve soanty popu1ations and the inoome par caput is too low. lfeedlliss tc. say, 
theretore, the a'b:l.lit;y tc pay for what is produoed ia very limitéd. There am a number 
ot projeots vhioh it is teohnioallT possible to establish in soma. of these oountrislh 
Hovevar, becaua& of th&. tact that their minimum economie ecales :require a 111&1'bt luger 
than that of ons individluLJ. country, if they are to be viable, they cannet be e 
established on the baais of national markets. There must therefore be a strong drive 
tor co-operation betveen the neighbouring oountries tc form a larger economie unit. 
And this is vhat the A:f'rican Developnent llank would view very favourabl;r. 

Mr. Chairman, we cannet partioipate in a technical debats at this partioular 
stage, but we ar& very happy to listén and tc play our humble part and also tc make our 
faoilities available tc member oountries for any finanoial request ensuing upon the 
deliberations of this meeting which may be submitted for consideration at a later 
litage. 
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LAI BF/SD/66/INF/6 

STATEMENT BY Tlllll REPRESENTATIVE OF UNESCO. 

J, Smid, Director, Bureau for Scientifio Co-operation 
fer the Near East, Caire 

Mr, Chairman and Gentlemen, 

It is an honour for me to bring you Unesco'• beat wishes for the success of this 
meeting on the development of the African Savanna, 

Our Organizaticn ia keenly intereated in this aubject, which comea within the 
acope of our program for d•velcping the natural reeources of the Member States, 

Without wiehing to enoroach on the great posaibilitiea of the Savanna for 
atook-breeding 1 whioh ia the field of FA01 our aiater Organization, you will oertainly 
oonaider during your diaouaaiona aome problema whioh oonoarn or oan intereat Uneaoo, 
partioularly when they relata tc the teaohing o:f the basic soienoea, the promotion 
of aoienti:fic raaearoh and the training of apeoialiata. 

Moreover, many of our problema are direotly linked vith the International 
Hydrologioal Daoa.de 1 whioh vas started by Unesco two years ego, or elsa vith the 
development or arid, semi-arid and even humid regionsJ for they inolude certain 
savannas which have been precccupying our Organization for a number of yeara. 

In short, I ahould like merely tc offer soma auggestions whioh may be oonsidered 
during ycur discussions and :for whioh a aolution may be found. 

In the first place, it seems to me that it would be helpful to obtain a certain 
unifcrmity of the terms and symbole used in reports, If I understand oorreotly, a 
definition already adopted by the ecologiste does not, perhaps, correspond exaotly 
vi th the general ide a which we each have of the Sava.nna, 

On the ether hand1 it seems to me that this region suffers from the same 
diffioulty that I used to encounter in Asia, Owing to past history in the African 
countriea, specimens of plants, inssots etc, vere more easily exchanged between 
European oountries vi th a oommon linguistic background than between oountries of the 
same region, Th~ even the simple identification of a botanical or zoological species 
can differ from one country to another, Without wishing to auggeet that these 
indispensable exchanges should be interrupted1 it ·would be desirable tc increase the 
regional relations between the countries of Africa, espeoially when they are in the 
same ecological zone or in ecologically similar or neighbouring zones, 

Under the auspices of FAO, Unesco and the Special Fund, seme inventories of 
natural resources and several studies have been completed vith interesting resulta, 
None the lesa, it seems that not all this work has yet been sufficiently analyzed or 
integrated to permit concrete realizations, It would be appropriate 1 therefore, to 
make a methodological and syatematio synthesis of the resulta of these etudies and 
also to compare them vith etudies made by bilateral aid outside the framework of 
the United Nations. 
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At the requeat of aome Member States, Unesco tried to bring about the establishment 
ot institutes tor research on natural resouroea. Untortunately, these institutes are 
ooatly in funda and personnel, 

The oountriea of the SebelJan zone are poor and too short ot qualitied manpover 
for each one of them to provide auch an institute, It oould.thus be thought that here 
is the poasibility for a aub-regional inatituteJ but, vhile emphasizing ita value, 
the ditfioulties and dravbaoks of auoh an establishment ahould be reoognized. It 
appeara to be too aoon to begin pressing for the creation of this sort of institution 
in the zone of the Atrioan Savanna, 

Binee the institute does not eziat, vould it be possible to launoh forthvith 
a joint J:I'Ao-tl'nesoo projeot, aa vas dona tor locuat control and agroclimatolcgy, tc 
ezamine the pcaaibilitiea of a regional centre tor documentation on the Savanna and 
alao of a regional herbarium in vhioh comparative oolleotiona ot useful planta are 
diapl&yed, and notably medicinal and fcdder planta? The first stage vould be the 
formation of an itinerant )l'crking party, finanoially supported by Ul'IDP and oonaiating 
ot apeoialiata qualified to make an inventory of vhat haa been dena, This vorking 
party should &lao study the pcsaibilitiea of training specialista in the region itself 
and vork out an appropriate distribution of reaearoh taska between the oountries, 
vithout forgetting the sociologioal study and the improvement in the situation of the 
atook,..breeders, nomadio or not nomadio, and, the peaaan ta, 

The problema of the conservation of nature and the creation of national parka 
and reaerv88 ahould not be overlooked, 

All thil vould make it aaaier to identity eoologioal ayatema and apeoifio 
problema vith the a1m of giving ever more aolid toundationa to soma ·more ambitious 
solutions in the fUture stages of development, 

These are all only suggestions vhioh I allov myself to aubmit for your consideration, 

I ahould like to assure you, Gentlement, that Unesco partioipates vith very great 
intereat in your deliberations and that it ia read1 tc co-operate as fully as possible 
vi thin tha limita of i ta pever a, 

In oonolusion, I viah sinoerely to thank the organizers of this meeting for the 
invitation to Unesco and tor having alloved me to mske this brief intervention, 
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STATEMEIIT :BY THE BEPRESENTATIVE OF IIRO 

M. Le :aousque"t 
Consul"tan~ on Communi't7 Water S~ply 

11H00 Geneva 

LA•SF/SD/66/mF/7 

In the nezt 25 7eara and in all oountriea, the problem of vater needa and "the 
vater to meat these needs will beoome more and more aerious vith the ezpanaion of 
population, ind~tr,r, irriga'tion and the new teohnologioal demanda for vater. 
Efficient use and re-use must be planned for available natural vater reaouroaa. 
Present indications are that deaal'ted vatar from the aea will continue to be ezpenaive 
in the extreme and praotioal for the highaat priorit7 use only. 

The Food.and Agriculture Organisation (FAO), through its United Sationa 
Development Program," · projaota (llliDP), haa inoreasingly, in the last fav 7eara, davoted 
ita energies to the asseaamant of available vatar raaouroea and needa and the develop­
ment of vater reaouroea. While FAO'a primar,r intereat m~ be in irrigated agriculture, 
a bread apeotrua of usee ia reoognized. It haa alao baan reoogniaed that irrigation · 
ia, in a aanae, oommunit7 development. The health and welfare of the people etteoted 
b7 the changes reaulting from the projeot ara important considerations. WHO ia partio­
ularl7 interested in helping to aataguard the publio health in oonneotion vith theae 
prcjects, apd eapeoiall7 the large-aoale regional projeots being aaaieted b7 UHDP. 
Theae are complex undertakinga, suoh aa the Chad :Basin and the Senegal River. Several 
Governments oan be involved, and aeveral aganciea and tena of millions of dollars. 

FAO/mrDP aoti vi ties are prerequiai tes to future inveatment and this t;ype of vork 
will naturally continue and expand for m&nT 7Bare to come. About eight7 land, vater 
and irrigation schemas are nov under consideration, and on at leaat half cf theae 
planning has proceeded to the point where apeoifio projecta have been outlined. 

In the laat 7ear or tvo there haa been inoreaaing collaboration between FAO and 
the World Health Organisation (WHO) in the consideration of publio health aapeota for 
vater reaouroes development. The participation of WHO haa generally been in the 
furniahing of health apeoialists, either from the statf of WHO Regional Offices, or 
retained as consultants working under the WHO Regional Offioes. These health consul­
tanta generall7 inoluda a publio health adviser vith bread experience in preventive 
medicine and epidemiology, vith special stresa on water-related diaeaaea. A second 
t;ype of consultant ia a sanitar,r engineer vith special experience in communit7 vater 
s~p17, vater qualit7 control, and the control of inaeot vectora of diseaaea. In 
special instances ether experts are utilized, auch as entomologiste and biologiats. 

The specifie health aspects covered b7 WHO advisers inolude: 

a. Suppl7 of vater to oommunities 
b, Bemoval, treatment and diaposal of vaste waters 
o. Prevention and control of vater-related diseaaee 
d. Health services during oonstruotion and resettlement in new 

water resource areas. 
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llesides these there are other aapeots ot interest to lillO vhioh are onl.7 indirect~ 
related to health. There ia an interest in vater q~lity prior to impoundment, as 
this in turn determines reservoir vater q~lity, inoluding its suitability tor ooa­
munity vater aupp~. There ia an interest in the salt purifioaUon oapaoity ot the 
stream and the poeaible reduction ot this oapaoity in oonverting a rap1d~ tloving 
stream into a reservoir. In this oonneotion the thermal stratifications ot a reservoir 
re.ults in deterioration ot vater in deep areaa tro. vhich vater may be drawn by modern 
hydrceleotrio installations. Degraded water vhich oan be void ct o~gen may damage 
vater use downatream and tish and aq\l&tio life may be eliminated. Inoidentall.7, these 
are soma ot the problems vhioh will certain~ be met vith in the proposed Researoh 
Projeot tor Lake Volta. There is interest and oonoern over tlov reduction. vhioh 
reduoea stream purification oapaoity, and in irrigation use vhioh adda salt and total 
solide to return tlova. All ot theae factors, ot acme intereat to WHO, are oonaidered 
in any bread program or vater resouroe management. 

Commupit~ Vater Supply 

It ia generally reoogaized that the domestio vater auppl.7 haB a top priority in 
water resouroea development. lillO is active in this field through ita Community Yater 
Supply UDit, and ia in a position to éval~te not only domestio supp~ needa but alao 
ourrent urban and industrial needa and predioted :future requirementa. This vater UBe, 
neoeaaary tor human aurvival, cannet be over-atated; it ia general~ reoognized by FAO 
and reoeivea mention in the plans ot operation ot FAOjunJP projeots. Community Yater 
Supp~ ia not only aaaential tor drinking and domestio purpoaea, but oan &lao be a 
governing consideration in the establishment and location ct industrial planta. Com­
munity )l'&ter suppl7 haa been desoribed aa a apringboard in an industriel development 
program. Experience haB ahown that proper~ deaigned, managed and operating oom­
munity wàter SuPplies in all but the smallest munioipalitiea oan be run ettioient~, 
vith inoome to matoh not only operating costa but also to repay construction loana and 

. normal replacements and ezpanaiona. The inclusion ot oommunity vater aupp~ in vater 
reaouroea development oan add greatly to the benetita derived from the projeot, and 
play an important role in justifying the large ezpenditurea nol'lllally involved. · 

Community vater aupp~ is a nonoonaumptive use and the spent vater oan be used 
tor ether purposea, US\l8ll7 tolloving treatment, auch as tor industrial use or tor 
irrigation ct oropa not satan rav. KaEimum benetit from valuable vater resouroea oan 
result from auoh multiple use of vater. Vith irrigation re-use in mind, a planning 
poasibi1ity vorthy of consideration ia the plaoing of irrigation projeota belov new 
urban developments rather than .above. 

Rural vater aupply haB also raoeived attention in VHO'a collaboration vith FAO. 
There will be a vater aupply problem tor the population resettled in a nevly irrigated 
ares. It irrigation ia from valla these oan be oonstruoted as aanitary wells auitabla 
for drinking vater aupp~ at very little ezpenae. E:Eploratory wells oan be oonverted 
and used tor the small quantitiea needed tor rural vater supply. Along this lina, ECA 
haa been intereated in organbing a Training Cantre on Small Scala llater Storage Yorlœ 
and Small Soale Dama. Special small aoale treatment faoilities are desirable it 
impounded irrigation vater is used for drinking. 

Removal, Treatment and Diaposal of Vasta llater 

A vaste water problem is invariably oreated by the provision of community vater 
supp~ and the tva systems should be planned together and oonstructed within a short 
time of one another. Many health benefits result from a severage and aewage dispoeal 
system. There is prevention of reduction of inseot-borns dieeaees auch as filhariaais 
{elephantiasis etc.), the veotor ot vhioh breeda in sewage and stagnant pools ot vaste 



-50-

wa~er. There ia reduo~ion of wa~er-borne diseasea suoh as cholera, ~yphcid and 
clysant817• The lina cf tranemhsion between infectad and healti>T persona ia broken, 
thua reducing infection in parasites, auch as hookworm, which can be transmitted when 
excreta is dispoaed of in an insanitar7 mannar. 

The sewar s7stem bas not onl7 a health benefit but alec an aesthetio benefit in 
removing vastes from living areaa and eliminating not onl7 a health hazard but alec &n 
aesthetic nuisance. This in turn can have &n economie impact, as m&nT buaineaaes 
inoluding tourism are encouraged b7 aanit&rT surroundings. Other benefita reault from 
the removal of industrial and ether vastes from the oommunit7. 

lOllowing the provision of the sever a7atem there arises the need for domeatio 
and induatrial vaste treatment faoilitiee tc maintain stream water in aatiafaotor,r 
qualit7 sa it flowa downetream and beoomes available for repeated re-use. 

Preyention of WateFjRelated Diaeases* 

A number of diseases related to water oan affect local populations in varioua 
va7s, spart from being carried b7 drinking-water. Unleas auitable precautions are 
taken thaas diaeasea m~ be enoouraged or spread b7 auch works as irrigation, flood 
control, ~opower and the like. Theae diaeaaes inolude• 

a. Malaria. Xoaquitoea breeding in natural or artificiall7 atored waters 
oan infect populat~ona reaiding within aeveral kilometree of the source. 

b. Bilharzia. A widespread &nd inoreaaing diaeaae affeoting, it ia eatimated, 
a large portion of the world'a population. It ia transmittad b7 certain 
anaila breeding in oanab, irrigation ditchea and aimilar worka, _and is 
oontraoted b7 ph7eical contact vith the water, not neoeaaaril7 b7 drinking 
it. Irrigation workers, rioe oultivatore, fiehermen, women washing olothea 
in a river, ohildren ewimming, are all partioularl7 prone to infection. 

o. Onohooeroiaeia (or river blindness). Spread b7 a fl7 vhioh lives in olear 
running water, and vhioh breeda partioularl7 in concrets epillva7a or 
similar structuree. 

d. Pilariaaia. Tranamitted b7 a mosquito whioh breeds mainl7 in stagnant 
and oontaminated pools, causes elphantiaais and ~ar conditions. 

e. Trypanoaomiasia (sleeping aiokneea). Transmitted b7 taatse flies breeding 
on the vergee of irrigation oh&nnels, partioularl7 in the ahade of vege­
tation adjoining the water. 

Suitable precautions oan be taken at the design stage of an7 water regulation 
pro~eot to minimise the apread of these diseasea, and constant vigilance ia neoeaaar,r 
durinc the construction and operation stages to prevent the benefita of a project from 
beine outweighed b7 dissemination of aioknesa. WHO is oo-operating vith ether agenoiea 
\7 IUpplTiDc aedioal and engineering specialiste tc ensure that theae precaution& ara 
~lt into projeots of vater development. FAO, United Nation& and World Bank projeota 
are rectiving particular attention. 

Health Services 

A major population reaettlement ie to be SŒpeoted as a reeult of a water 
resourcea development. Project auoceaa will require that health services ba provided 
to the resettled population and an opportunitJ ma7 ba provided to establiah an effec­
tive health service baaed on diaeaee prevention. Certainl7 ever,y effort ahould be 
made to prevent the introduction of diaeasea into areaa where auch diaeaaea never 

• From a recent WHO Staff Paper 
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exiated before. Aspecta to be oonaidered m~ inolude the screening, training and 
health education of aettlera and possibly a broad immunization program. · A health 
organisation suitable to local conditions and resouroee m~ be reoommended for both 
the periode of construction and operation. 

WHO is making publio health adviaers svailable to asaiat vith the strengthening 
of local health services, resettlement problema and the co-ordination of health 
measures vithin the oontext of the UNDP projeot. In soma instances, as for the Lake 
Nasser Resesroh Projeot in U.A.R, and the Kenji Dam Project in Borthern Nigeria, WHO 
aends a health adviser to assist in draving up the Plan of Operations and planning, 
together vith the Exeouting Agency, the exact type and timing of the consultants 
which WHO is to proTide, 

It is highly desirable that an item be included in the project for at least 
initial health service as an integral part of BD7 construction project invclving 
reaettlement, Projects are ultimately to improve the vell-being of man and building 
a project ia of little purpoee without a parallel building of màn. 

Procedure 

Koat important ia the early and timely collaboration between the different 
sources of aaaiatanoe and funde in the international field and at the national leval 
in order to take care of the health components of FAO/UBDP and aimilar projeots. 
Normally WHO, FAO and other agencias, inoluding the World Bànk, raoeive from the 
Administrator of the UNDP reaum'• of Government projeot requesta for technioal evalu­
ation. On the basis of the commenta received, the UNDP oan negotiate the requeat 
further vith the Qovernment and, if neoesaary, organize a special mission to as8&8B or 
even redefine the reque8t. In this ·~ the request and the assistance snvisaged oan ba 
brought into lina vith the criteria of the UNDP established by the General Aesembly in 
its fundamental resolution creating UNDP. Suoh preparatory assistance to the Govern­
ment and the reformulsting of requests is provided by the Administrator in close col­
laboration vith the teohnioal agenoies involved. Aooount is also taken of oomplementary 
aotivities vhioh may be under execution or under et~ by bilateral agenoies. WHO haa 
alv~s been anxious to pl~ the mB%imum part it oan in assiating in the formulation of 
projeota expressly to eneure that the health implications are given the fullest atten­
tion. Further, vhile WHO commente (and these emanate from sll levela of the Organiz­
ation) are transmittad to the UNDP for the guidance of the E%ecuting Agenoy ultimately 
deaignated, the detailed evaluations of projeots from other agenoies are also taken 
into acoount by WHO in planning its own later participation, 

WHO'a materiel assistance oan oonsist of short or medium term consultante- suoh 
sa a publio health administrator, epidemiologist and a sanitary engineer - working as 
a team or separately; viaits by WHO Regional Office staff and WHO oan also be requested 
to provide certain speoialized drugs and medicinea. Reporta by these consultants and 
ethere, once cleared by WHO, are submitted direotly to the E%eouting Agenoy - in this 
oaae to the FAO Headquarters in Rome. Naturally the WHO consultants will, in the 
course of their assignments, disouss their findinBS vith the FAO Projeot Manager. This 
close collaboration between the WHO consultante and the Projeot Managers is essentiel. 
Equslly important is a firm understanding betveen the respective Headqusrtere of the 
agenoies. But perhapa of paramount signifioanoe is the role whioh the national Health 
Ministry must play vith its aister Ministries or agenciss direotly responsibla for ths 
projeot. 

Summarv 

While WHO will continus to seek for more effective methode of improving collabor­
ation between ether agenoiee and itself in the interests of health in projecta under 
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a:eoution in "the UliDP f'ield, we be lieve 'th& t an anooure.ging a 'tar-t haa been made in 
thia oomplez field 'to safeguard the health neede of' 'the people aff'eoted ~ 'these pro­
jacta. The health authoritiea in a oountr,r have a oontinuing reaponaibil1ty, and 1t 
iB eaaential that theaa authoritiee be tully aoqueintad rlth fUture plana and be 
brou&ht into 'the co-ordination pio'ture a't the f'irat possible moment. lllver.r'thing 
ahoUld be dona to aaaiat in developing co-operative workiDB relations between the 
varioua Xinia'triea, auch th&t 'there ie mutuel reinf'oroaaan't ot eaoh eector to f'ora a 
national or even regional who le, and 'that muimum aoonomio, social and heal'th benef'i ta 
may aoorua f'rom "the projeot. WHO will do avery'thing wi'thin ita power "to f'ur'ther 'the 
objec-tive whioh it ah&rea with FAO ot improving the well-being of' the people and 
enauring 'tha't FAOjunJP projects produoe muiiiUJD heal th benef'ita and do not become the 

.instrumenta of' the propagation of' diaeaae. 
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STATEMENT OF MR. PAUL--MARC HENRY 

Associate Director and Assistant Administrator 
Bureau of Operations and Planning 

UNDP, llew York 

LAI SF/SD/66/J:NF/8 

We have reached the first stage of the world food or~s~s. The manifestations of 
this criais are everywhere to be sean, In every possible continent, with the exception 
of Western Europe, there are food problems, 

The Savanna Belt is one area of a great development potential for food production 
of the world, due to the combination of space, land, water and sunshine, The Savanna 
Belt oan oontribute a great deal tc ease the food proble~ in Africa, 

FAO is engaged in a major work of collecting data for the Indicative World Plan, 
The document will show that in order to reach the required food production level, 
enormous investments are indispensable, the source of which has still to be found, 
At present the official figure of capital investments has remained stagnant at a 
little over S 6,000 billion for the last six years (World Bank figures), This means, 
therefore, that the annual investment has gone down because of depreciation of money, 

The main objectives of this meeting were discussed two years ago, and we had in 
mind two main issues• 

1, An e=hange of views between people engaged in the same type of work -
Project Nanagers and Co-Managers - to share experiences and to point out the 
shortcomings, problems, difficulties, and make recommandations for fUture 
development, This was the first and very important objective. 

2, A second, and more general issue, was to define the whole strategy of the 
UN"SF - UNJJP in relation to tuture project development, You are all aware 
of the fact that the FAO sponsored activities supported by UNDP are by far 
the largest in relation to all ether agencies, $ 650 million next January1 
the figure for FAO will be the large at, $ 300 million (i ,e, 42%)> and this 
proportion is increasing, 

The amount of Special Fund assistance granted to Africa has increased regularly 
since the beginning of the Special Fund operations in 1959/60, Seme of the projects 
represented here date from that period, Other are more recent, But basically the 
philosophy of these projects dates back to the beginning of relations between the 
Special Fund and FAO, ~!ost of these projects have common characteristics: they are 
relatively long"'-term with a built-in second phase of three tofive years' duration and are 
aimed at assembling background information on physical and economical conditions of an 
ares, Recommandations are made on tuture development and possible investments in 
specifie fields, Such projects are pre-investment projects, 
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There are cases where invastment has almost immediately followed up the 
pre-investment program, But this is exoeptional 1 either beoause finanoial resouroes 
of the Government are soaroe 1 or beoause the region has not reoeived first priority 
in the development program 1 or beoause the data provided are insuffioient to justify 
investment, Sometimes the findings of the projeots do not lead to investment or no 
possibility of investment is offered, The pre-investment projeot is evaluated on the 
basie of the investments realised1 and therefore the projeot should generally inolude 
feasibility etudies similar to those oonduoted by the World ~ank. 

During the few years of a projeot, it is often diffioult to make a satisfaotory 
diagnosis of the general conditions of soils 1 water and olimate of an ares, Unless 
there is already a considerable amount of existing information available 1 the soanty 
information sssembled dur~ng the projeot is not a suffioient basis for investment, 

Tbsre :lano short eut to oollecting background information for investment 1 
espeoially in agriculture, Field experimentation, climatic and hyd:t'ological etudies 
must ccver a suffioient number of seasons, 

On the ether hand 1 in view of the present ,.,ld food si tuation 1 there is great 
urgenoy for making immediate use of the information available, This is a basic dilemme 
which ~~~~~ to be sclved in each development prcject. 

One alternative vould be to evaluate all projects primarily on the basis of 
criteria of immediate pre-investment, Another possibility would be to oonsider the 
projecta as a ccntinuous contribution tc better knovledge of natural resources and 
ecologioal conditions, But in that case, it ia to be expsoted that member oountries 
oontributing voluntarily to the Special ~~ would raiae serious objections, The total 
of contributions has been inoreasing steadily since the establishment of the Special 
Fund, The total contribution of the first year amounted to US S 29 million, and nov 
reaohes US S 130 million, However 1 being voluntary 1 auch contribution can be stopped 
almost immediately should the program be unsuooessful, In passing1 it is worth 
mentioning that, even if all contributions vere out, funds would be available to finish 
the projeots nov in operation as the total budget of these projeots (for a total amount 
of about US $ 200 million) is already earmarked. 

Member oountries are voluntarily oontributing to our program because they feel 
that it is their duty vis-à-vis the developing countries; because also they hope and 
believe that somehow systematio pre-investment programs will lead tc major investment 1 
not only through bank loans but through mobilisation of international resources of all 
kinds1 natural 1 human and f'inancial resources. 

If our program olearly contributes to a large scala mobilisation of auch resouroes 1 
it will be a suooessJ if not, it will be a failure. Time is short and we have only a 
few years (may be as few as 5) ahead, Unless largesoale investments for the development 
of agriculture are made, unless the Governments of the developing oountries are assisted 
in the development of their resouroes, the world food situation will shortly beoome 
d:t'amatio, Initiative in this field is olearly the responsibility of the FAO and the IBRD, 

A part of the developing world is new relying on a fev developed countries for 
help in the ir cri ti cal food si tua ti on. The United States and Canada are trying despera tely 
to help in the world food problem. Large areas of the vorld are provided vith the 
neoessary natural resouroes for large soale food production, ~ey are i~le nov, The 
Savanna ~elt is a good example of suoh an area, It is our duty to help make them 
productive, 

It is an objective of this meeting to make suggestions and reoommendâtions in 
this respect, to propose a general stategy of development on a regional basie suoh as 
the Savanna ~elt, to raise interest of UNDP and finally assist FAO in its approach to 
the problems o~ agricultural developmant. 
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SURVEt OF THE WATER RESOURCES IN THE CHAD :BASIN FOR DEVELOPME!lT PORPOSES 

lre:tace 

G.A. van't Leven 
Projeot Manager 

Chad Basin Development Projeot 

~e projeot ia not ret operational and oannot be ezpaoted to oantribute 
muoh experience to thia meeting. 

:S:owever1 the experience gained by the ether UTIDP/FAO projeot in the Savazma 
l!el1; oan oantribute tonrds the auooeaa o:t this joint attempt o:t J'AO BDd Unesco in 
this ragional.Chad Basin projeot, oovering parts o:t the territor.r o:t Cemeroan

1 
Chad, 

•iger and Nigeria in their atruggle :tor development. 

A oritioal appraiaal, beth teohnical and economi~o:t this projaot, desoribed 
in the :tollowing pages, will ba ver.r uaetul in giving the projeot a good start, 
beth in operations and :tollov-up. 

J!aoke:ro~md o:t the Projeot 

B;ydrologiata in the Chad Basin held a meeting in Port-La.a!;r in Jraroh 1!166, 
whioh oancluded in oonoentrated action :tor th,t development o:t the nter resouroea, 
not baing intluenoed b7 artitioial OOUDtr.r bOUDdariea, aa the7 uiat new. 

~a Inter-Atrioan B;ydrologioal oan:terenoe o:t the CC:U (Coaiit' pour la 
Coop,ratian r.ohnique en Afrique) held in 1962, in •airobi, made a reoommenclaUan 
oonoarning regional oo~eratian between the colllltries bordaring the Lake Chad. It 
stated that a projaot :tor the reclamation o:t the llhola Chad l!aain had to be worked 
out bT an inter-atate organiam repreaanted by the :tour Statea, Cameroan, Chad, 
•iger and Nigeria. 

Ezperta of the :tour oountriea attending a meeting at For~ in Ootober 
1962. made auggeatiana :tor a oon:terance o:t the :S:eada o:t States. 

~a meeting took place in Dacember 1962, and it was deoided to oreate an 
inter-atate oommittee o:t experte to produce a detailed inventor.r o:t the knowledga 
aoquired in the :tour States, particularlT ooncerning the natural reaouroaa including 
agrioul ture, irrigation, animal huaban~ and tiaheries. 

. Ciroumstances did not permit fertile activitiea. ••vertheleaa an 21 ~ 1966, 
the Chad :Basin Commission waa o:t:tioi&llT set up at a meeting o:t the lleada o:t States 
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bordering the Lake. 

Ditfioulties in forming a staff for the Secretariat due ta the aoaroitT of 
trained teohnioians led to submissicm. of an applioaticm. to the tnmP vith the main 
~ose of obtaining teohnioal staff for ita secretariat. 

F1nall71 Special JUnd consultants proposad twc oo~lementar,r prcjeots for whioh 
Unesco and PAO would ba the executing agencies. 

The Unesco projeot aima at the establishment of a aplthesis of all lcydrolog1oal 
atudiea alrea<4>" complet ad in the four oountries resul ting in a lcydrclog1oal map, 
the oonstructian of an eleotrical analogue modal and a o~lete documentation of all 
atudiea. This synthesia ia a ver,r important basia for the more praotical direoted 
·FAO projeot. 

The PAO prcjeot haa tc assist the Chad Basin Commission in oo~leting a 
aurv~ of the water resouroea of the Basin as a basia for the comprehensive develoP­
ment of agrioul ture, animal huBbandr,r0 and fisheriea, running into the preparation 
and evaluation of specifie development projeots. 

Description of the PAO/UNDP Projeot 

In partioular the projeot villa 

a) C~lete the knowledge of the total water resouroes b7 asoertaining the 
p:çorUans of surface and underground water available and b;r drawing up reoommenda­
ticm.s conoeming a balanced exploitation of surface and underground water for 
domestic and agriculture use; 

b) Through fellowships g1ve training to Afrioan teohnioians in water exploitation 
and utilisation~ 

o) Assist the Chad Basin Commissicm. in preparing and evaluating specifie develoP-
ment projeots relating tc agriculture, animal husbandr,r and fisheriea. 

A.otivitias and investigations inqluded in the prcjeot ta oo~lete, as far 
as possible, knowladge of the total water resources in the projeot araa, gro~ed 
under the fcllowing headinga: 

Keteoroloq 

Installaticm. of meteorolog1oal stations, reoording rain-gaugea, evapotrans­
piraticm. measuring equipment, 17simeters, eto. 

Interpretation of all meteorolog1oal data available tc be measurad during 
the a~. 'ftle interpretation has tc be dana in the field of rainfall distribution 
and intensitT, in relation tc river discharges, eoil moieture0qualities of soila and 
evapotranapiration of cropa (formula of Blane;y Criddle, Penman, li;rtema, eto.) and 
water balance etudies. 

l!':rdrcloq 

Installation of automatio water-level recordera, establishment of relationships 
between all water-level recordera (as alread;y available),and disoharge measuring 
stations,and establishment of basic lcydrologioal equations for the area. 

Determina. ti on of the h;ydrological regime of the Chari river, being the main 
contributor to the lake, together with Logone whioh alrea.d;y ha.s been studiad. 
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~reliminar,r estimates of effeota of proposed water development sohemea an 
the overall vater-balanoe and on affeoted river discharges, and acquifer vater­
levels. 

llvdrogeolo.q 

An7 necessar,r geologioal etudies required in addition to the general geologioal 
mapping alreaq available. Close defini tian of the geologioal structure and 
aquifer boundaries in the basin bT meane of geopbTsioal studies and deep trial bore­
hales using oore-drilling and eleotrio logging. Definition of the boundaries of 
artisan ground-water in the tvo lover aquifera of the Chad formatian bT maana of 12 
oore-drilling boreholea. 

Determination of the potential Tielda of the sand/graval surface aquifers 
abova the Chad formation rocks and their dependance on the Lake storage bT eleotrio 
reaistivitT surve;r, trial borehole. drilling and test pumping. 

Inventor,r of all valls and boreholas, and ohemioal anal;rsis of water from 
eaoh, as vell as investigation of the chemioal properties of underground water. 

Definitioa of the main recharge &:reas and estimatian of the overall lang-term 
availabilitT of eŒPloitable water. 

Asrioul ture 

'!be projeot will atart vith the oolleotion of all information in the basin 
ralating to paat aotivitiea in traditional and modernized methods of agriculture. 
Amelioration of traditional agriculture bT extensioa services oan be &D initial 
step toward.s the development of the oountr,r involved. 

'!be establishment of three agricultural experimental stations for normal 
aotivities related to the development and improvement of oultivation techniques, 
and alao to investigate problems oonoamed vith improvement and use of saline soila 
and vater, and vith the control of the groundwater table in irrigated aoils. 

In oonnection vith the voN of the experimental stations, trial plots will be 
established to evolve suitable irrigation techniques • 

.Action programa and plans for extension services will be prepared to tranBlllit 
the resulta of trial plots and eŒPerimental stations to the farmers and to oonvinoe 
them to change methode. 

Aseessment of existing pilot irrigation projects, their improvement, extensicm, 
and installation of new onee if oonsidered necess&rT• 

Animal Production 

'lbs livestook harda are still the main naturel resouroes of the region, for 
the surrounding densel;T populated areas oonstitute a natural III&Net. In animal 
production one of the main problems is getting water for cattle. J. comparative 
stuq of the means of tapping and distributing wa.ter for oattle, and the materiel 
and economie problems involved will be made. 

J.nother serioua problem for the Government is the migration of the herds to 
other neighbouring oountries vhere the;r are m&Neted, being an economie dieadvantage 
for the country. 

Programa of experimental VON for the development of fodder crops and live­
etook production ineide the pilot irrigated areae will be eetablished. 
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J'iaher,r 

Investisaticm ct lon~term etteota on tishiDg due tc lq'd.ro-agrioultural develop­
menta resultiDg trom the projeot, as there is a oonata.n1; tall ot the nter level 
'iD the river and the lake, dr;yiDg UP ct the river-bad, decreaaa ct iDundated ares 
iDtlumoiDg the maintenance ct the tiah populaticm. 

Kode%nizaticm ct tiahing methode, conservation ct tish and its distribution. 
One ct the indispensable items in the chain is a good netvork ct roada, the laok ct 
i1; being one ot the bottle-neoks .in the developmm1; of all activi tisa in the region. 

Collection of statistioa of fiah 7ield vith present fishing methcds ac aa 
tc estimate tuture 7ielda vith improved techniques and tc drav up a a7stem cf 
control tc ensure that reserves are not depleted. 

Economie develc:pment 

Collection of all eocmcmio and social infcrmatiCD at present available, 
partioularl7 vith regard tc those aspects related tc vater development. 

~· preparation of a perspective lon~tera economie development plan of the 
&rea. 

Proposals for additional social and eocmomio etudies tc be made in the tuture. 

Publio Health 

~e possible danger to publio health b7 the introduction iD the projeot area of 
irrigs tien aDd nev agrioul tural and animal husbmdr;y teohniqu8B will be report ad. cm b7 
consul tanta. 

Comment. 

~a projeot bas tc be a regional projec1; because of the oommCD iDtereat of 
the oountries ina 

- the nter diaoharged b7 boundar;r rivera and uaable CD beth aides of the 
bankSJ 

- the stock of vater in Lake Chad tc be used for irrigstiCD purpose&J 

- a%Ploitation of the groundwater reserves disoovered in~the Sahara and 
aituated. œder the four oountrie&l 

• filhing on the boundar;r rivera and the LalteJ 

• t.Looll protectiCD CD one lide of the river causiDg more severe inundations 
on the ether bank! 

- building UP their infrastructure -t;osather for that pan of the ccunt17, 
espeoiall7 for the two ocuntries totall7 divided from direct connections 
with the aea. 

In the regional project it will be mere eaa7 tc transmi-t; experience from 
ether bilateral or multilateral aid projects tc the ether partner-countries. 
Communication between projeots in different ccuntries aeems tc be more or lesa 
peer. 
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The projeot will encourage IIIBZ11" aoUv1t1ea :1.11 oc-operation IU1d oo-Qrdi.nation 
vith ether projeota and bilateral aid agenoiea. 

ID thia projeot FJ,O and Unesco will ~rata oloaeJ.T, prov:l.llg the un1t7 or 
the big ar ramiJ.T, and will ahare the more practioal and acientiric part or the 
prcject. 

The counterpart contribution 1n ~:l.lld covera the common :l.llteresta or the rour 
oountriea 1n the reaearoh program. For apeoial items added to the 8.Peo1al FUnd 
allooatian under aquipmant or Q%Perta, the intereated oountr,r haa tc make available 
ether runda. AD ezample ie the Q%Perimental polder in Bol vhich ie onl7 or 
importance ror the Qcvernmant or Chad. Special J'und allooated the pUIIIpa, but the 
Ocvemment or Chad haa to PB7 ita part ror operation and maintmanoe. '!he dilcea 
oan be made, ror 8%811lpla, vith the aid cr the Vorld Food Program. 

The baokbone or the project will be the lqdrologio&l and h7drogeologioal 
atudiea dem8lld:l.llg m1U17 7eara or hard vo:dc. ldmtirioaticn ot proj eota tor 
aubmiu1on to international t1niiZ1o1ng agenciea will aooomp1U17 the projeot as 
aoon as possible, aa 1t ia or immediate importiiDoe tor the developmant ot the Chad 
Basin. The time betveen aubm1aa1on IU1d· approval oan be uaed rer completing the 
data beton the projeot will be ueouted. 

The tirat projeota in th1a field are Q%Peoted 1R r1aheriea, ranohing,and rlood 
protection in oombination vith irrigation projecta, 
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RANGE M..!JfAGEMENT DIVISION OF THE MINISTRY OF AGRICULTURE 
AND ANIMAL HUSl!ANDRY, IŒNYA 

V. L. Bunderson 
Project Manager 

Range Management Division o~ the Ministry 
of Agriculture and. Animal Husband.ry, Kenya 

InuoducUon 

The Kesya Ranse Manasement Project reaul ted. troa an application to the Uu.Ued. 
Iationa Special Fund by the then (1964) newly tormed Ranse Management Division ot 
the lliniBtry of Açioul ture and Animal l!uaband.ry. A baaio agreement between the 
Special Pund. and the Kenya Government was aigned. Ootober 1, 1964, sinoe when the Plan 
of Operations haa been agread. upon and. FAO d.esignated as the Exaouting Asenoy. The 
D1Tia1on of Range Management ia the respondble Goverllllent Department. 

Tbe Projeot is tor a period. of five yeara and. its etated purpose ia to 
atrengthen and expand.·the Range Xanagement Diviaion ot the Kiniatry of Agriculture 
and Animal !luaband.ry to enable i t 1 

a) to carry out land ua• eurveya as a baaia tor d.etailed range development 
planning! 

b) to provid.e training tor range otfioera, field instruotors and. teohnioians 
as wall as extension services for ranchers and. pastoraliats1 

o) to intenaify applied researoh on apeoitio problema of range davelopment 
and prod.uctivity. The 1111111ed.iate objective of thia will ba to promote 
the paatoral d.evelopment of the Kenya rangeland.s in oomplianoa with 
Government•a 1966-70 Development Plan. 

Tbe teaa of internationally reoruited experts will oonsiat of the Projeot 
Manager who is also Senior Range Researoh Speoialiat and experts grouped as tollows1 

Reaearoh 

Range Eoologr/Kanagement 
:Bush Control 
Plant Phyaiology 
Vildlife Biology 
Animal Produotion/Liveatook Improvement, 



Land Un and Planning Survez 

Range Ecology/Kanageaen~ 
Va~r Developaent 
Vildli!e Biology 
Range Economies 

Range Ecology/X&nagement 
Va~er Developaen~ 
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From beginning or ~he Project 

J'rom mid 1967 

The latter be men will alao be aupported br the Vildli!e Biologiat and Range 
Econoaia t or the tirai aurver iaaa aa req uired. 

Range Education 

2 Range Education 

Xost or the team meabera are now on ~he Project or their arrival ia imminent. 

The tm Developaent Prograa ia providing a 'to~al or US $2,047,000 in personnel 
and aquipaent and the Kenra Ocvarnaent aounterpart contribution in kind ia 
us n, 704,000. 

l!&ckg;:ound to the Pro jec t 

The Kenra Ocvernaen~ had atarted working on a 5 rear development plan in 
1964 and i~ vaa apparent that i! the objea~ivea or ~ha rangeland development portion or 
the Plan vere 'to be realised, outaide auiatanoe vould. be required.. Thua the aub­
aiasion or the requeat 'to the UJ Special Pund.. 

Kenra'• rangeland.a make up 80 percent or the land. aur!ace or the aountrr or 
that portion receiving lesa than 30" or rain!all (760 ma). Vith the exception or 
aoae are&& in the upper range or precipitation where aiaal d.oea vell (commercial 
prospecta tor thia orop are d.eteriorating) and about 250,000 aeree or potentiall7 
irrigable land., thia anormoua area is not J!uit&ble tor cultivated. arcpa. Livutock 
production, .vild.lite and touriaa are the uses to vhiah thia verr large proportion or 
Kenra ahould be devoted. Hovever, production !rom most or thia area ia auch balaw 
ita potentiel, vith deliveries at livestoak produata, exoluding those !rea commercial 
ranc hu and national irrigation aaheaes ( approx. 5 a out ot 115 m acres) , estima ted. 
at Ll.5 aillion and o! ether ooamoditiea at L0.5 million. The remainder or the 
output ia oonsuaed. tor aubaiatenoe or bartered. looall7 (valued. at LlO million 
annuall7). It ia eatimated. that the gross output par acre in stric~lr pastoral areaa 
ia Sha.2/- and in aemi-pastoraliat and aubsistence aultivator areas just und.er 
She.4/-. This contrasta vith ac average at Sha.l2/- per acre on commercial ranche& 
(Kanra Davelopment Plan 1966-70 para.23). 

The Governaent, in their 1966-70 Develcpment Plan anticipate raising the 
productiviir or nearly 15 million acres in the 2-4 shilling output categcry w the 
point vhere the gross return per acre vill be approaohing that or the Sha.l2/­
realized. by commercial racchea. This vill be accomplished. br establishing new Oovern­
men~/Private ranches tc the extent or 6oo,ooo acres on previouslr unoccupied. land& 
in the Coast Province) Co-operative ranches o! 1 1356,000 acres in Eastern, Coast and 
Central Provincee1 group and individual ranches or 5,361,000 acres in Ritt Vallar, 
Eaatern and Coast Provinces) and grazing schemes or 7,570,000 acres in all provinces 
except Central. Improved production vill be obtained by grazing rotations, increased 
vater auppliea, communal d.ips, and improved animal huaband.ry practises, The explait&­
ticn or the considerable vildlite reaources of these areas !rom the standpoint ct 
meat production, trophiea, recreation and tourism vill be integrated into the 
overall economie development. 
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General Eoology 

Gt the 80 percent ot Kanya vhioh ia olassitied aa rangelande,20 percent 
reoeivea an average ot 12" or lees raintall per annum and 60 percent reoeivea betveen 
thia and 30", Most ot the development enviaaged aboye ezoept tor about 1.5 million 
acres in the Grazing Soheme oategory will be underiaken in the areaa reoeiving 
12"- 30" raintall. Most ct thia area, or vegetative tJPe& vith aim1lar oomponents 1 
have been deaoribed by various ecologiste as acme sort ot eavanna. The East Atrican 
Range Clasaitioa ti on Commit tee have diacarded the term "Sa vanna" tor vha t ve 
oonaider to be good and valid reasons but thia ia not the time to argue eoolog1oal 
olaasitioationa. 

Most ot the 12-30" raintall sone in vhioh the UNDP Range Management Projeot 
will ba operating ia olasaitied as "Arid" (olimatio indices - 40 to - 50) under the 
syataa ot olasaitioation propoaed by the East Afrioan Rangeland Classitioation 
Committaa. lOr thia ay1tem1 climat• haa been detined aooording to Thorthvaite (1948), 
ezoept that the eatimate ot evaporation used in the oaloulation ot olimatio tollova 
Panman (1948) .•, In pbyaiognomio t~rma, the most important rangeland tJPe& vith vhioh 
va will ba dealing will bel »u.hland1 Woodland, Grassland, Bushed Orassland, Woodad 
Grasaland and :Dvart abrub Gra'a8land 1 (mainly contin ad to the very ar id zone, elima tio 
indioaa -50 to -60), Aa in/all. East Atrioan, and prohably moat ct the arid vegetative 
tTP•• ot the vorld vhere woody ooaponenta torm an appreciable proportion ot the oliaaz 
vegetation, the aame problema axiat, i.e, to either tind the mean& to make a tuller 
and mora economie usa ot the eziating apeoiea or to replace them vith aomethiag mora 
productive, In ordar to aaaiat the Kenya Governmant in attaining the objectivee 
ot their 1966-70 Development Plan, the Range Management Projeot will be inveatigating 
both ot the above approaohea, but vith dittering emphaaia aooording to the domillant 
vegetative tTP• and ita oompoaent apeoiea. In thia projeot va will be atrea1ing 
inoreased forage production tor domeatio livestock and/or gama, 

The pbysiosnomio type vhich ia the mo at trouble soma ot the range land tJPe& ia 
Buahland, This type haa been detined (Pratt et.al 1966) as an assemblage ot vood7 
planta, aoatly ot s~ubby habit, having a shrub canopy of lesa than 6 m. in height, 
vith oooa1ional emergents, and a oanopy oover ot more than 20 par cent. Firea are 
usually illtrequsnt. 

Ill Kenya there are many types ot bushland vith the bush speoies and their degree 
ot doaiii&DCB determining vhether or not they are a problem. Suoh tJPes as Tarchonan thus­
Dodonaoa, Lannea-Commiphora1 Euphorbia-Sansevieria and Acacia retioiens 1 oan so 
dominate a site that tev plants usetul tor grazing b~ domestio livestook or (to a 
lasser degree) game are able to survive, The reasons tor and oonditons under vhiob ve 
tind an undeairable degree ot bush dominance are as varied ae the bush types. 
Probabl7 the most important ot these is the reduction in the intensity and trequenoy 
ot tiree, This has been attechd largely by the degree and seaaon ot use, and the 
olass ot liveatock cr gama speoiea utilizing the grazing reaource, Aa grazing pree•ur• 
inoreaaes~hera is lesa combustible materiel evailable to carry a tire and ultimatel71 
due to a oombination ot reduoed competition from grasse&, and tires ot deoreaaing 
intenait7 1 many sites beoome almost impenetrable thickets. 

The team members ot the UNDP Range Management Projeot have been seleoted vith 
the viev to obtaining and utilizing the beat aveilabla akills in the various tielda 
111 arder to make a aoientific approaoh to the beat use ot the exiating vegetation or 
to change it by the most eoonomioal and praotioal meana to something more usetul. 

It haa already been shoYII ill Ken~a that by bush oontrol meaaures production ot 
grass oan be illoreased by 50 percent vhere the density of woody vegetation ia moderate 
and up to 60 percent vhere th1olœt tJPes vere eradica ted. 

• ·(An East Atrican Rangeland Classification, D.J. Pratt, P.J. Greenw8{1 
X,]), Owynne, to ba puhliahed Journ&l of Applied Eoology, 3 1 369-382} 
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The Range ll&nagemen t Projeot 

R .. earoh 

The Buah Control e~ert and Plant P~aiologiat will ba inveatigatins ohemioal, 
meohanioal, and biologioal control ot undeairable woo43 apeOiea, The Vildlita 
l!iolosiata will •W43 the desrn ot oompaiiiion between the varioua pme apeoi .. and 
do .. atio liveatook and •••••• the poaaibilitiaa ot utiliaing the var;y considerable 
population• ot wild animale io the maximum eztent iD obtainins eoonomio returna tram 
the l&llda aub-marginal tor ranohiDg domeatio liveatook, !be;y will alao inveatigate 
the deairabilit;v ot oombilliDg varioua vildlite apeoiea vith domeatio liveatook in 
ordar io ID&ka 11ore complete u .. ot the gralling r .. ource, Rabitat manipulation io 
encourage the inoreaae ot the most uaatul gama apeoiea will ba attampted, The Range 
Eoologiat will be aiu431Dg sraaing ayatema whioh will encourage greater production 
and ihe iDoreaae ct du ira ble forage apeoiea, He will be iDvutigating management aa 
a iool in buah eradication or auppreaaion and the ettecta ot burning trequenoiea and 
iDtenaiUea on boih the und .. irable and d .. irable apeoi .. , The introduction ot acre 
uaatul forage apeoiea, eapeciall;v legumea will alao be iDveaUga.tad. The Animal 
Huaban4r;v/Liveatock Improvement Specialiat will stu43 and aaaeaa the requiramenta of 
the varioua breeda and crossee ot domestio liveatook and attempt to determine methoda 
tor improving the ir performance, The nu tri tional requiremen te and animal huabandr;y 
praotieea neoesaar;y io reduce the breeding o;yole and inoraaae calving percentagea 1 
and to reduoa mortalitiea and iDoreaaa waighta for aga, will be inveatiga.ted, 

Land Uae Planning Surveya 

In arder io aeaiat the Range Kanagement Diviaion io attain the goall ot new 
ranohing devalopmenta anviaaged in the 1966-70 Plan the aurve7 taam will be evalua tins 
the produotivit7 of the areaa whera development can taka plaoa meat rapidl;y and make 
the greai .. i contribution io the Development Plan, Overall appraiaala will be made 
io get an appreciation of the ecologioal potentiel within the vario~ aooiologioal 
unita and a determination made ot areas within these entitiea where ihe production ot 
doaeatio liveatock, gama, touriaa, tood orops or a coabination ot theae ahould raoeive 
graataai amphaaia. The Water Development Ofticera will invaatigate aourcea ot auppl7 
·and plan installation ot watering taoiliUes vith the v1ew to obtainins a diatribution 
ot auppl1ea whioh will permit optimum use ot the range reacurce compatible vith the 
coat ot inatallationa. The Vildl1te Biologist will asaeaa the poaaibilit;y ot gama sa 
an al ternat& or oomplemantar;y uae ot the devalopillg areaa, The Range Eoonomiat will be 
evaluating the development ooata tor all plannad projeota and aaking rsoommendationa 
aa io the aoat viable areaa tor development and ihe torm whioh auch enterpriaea ahould 
take. 

Ranp Educa Uon 

The Ke117& rangelanda coneiat ot over 100 million aorea which are preaently 
bains srazed by domeatio liveatook but onl;v in rare inatancea ia the tull potentiel ot 
the land and l1veatock being realized. The laok ot knowledge ot good range and l1ve­
atook aanagement ia probabl7 the greateat tactor in the tailure to realisa th1a 
potential. The Range Education Teaa ot .tvo FAO ezperta, their Oovernment oounter­
parta and aupporting atatt will atrengthen the Eztenaion Service& and aaaiat thea vith 
the t&ak ot improving the range and liveatook management practiaea ot the Ken7a 
Paatoraliat. The;v will provide illaarvice training tor range ctticera and iDBtructora 
working vith the paatoraliat, and the7 will prepara and conTa;y information in imprcved 
praotiaea to the pastoraliat throueh the use of mobile education unite equipped with 
oinaaa, alida projeotora and ether visual sida, 

Co-operating Organization in the 1966-70 Plan 

In the overall Development Plan the ahortage ot capital requirad tc meet th~ 
Tarious costa ot development remaine a problem, However, the International Bank for 
Reconstruction and Development are oonsidering an application trom the Kenya Oovernment 
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ror a ver7 considerable lean rer rangeland davelc:pmen~ and have atteued 'the içcr~ca 
'the ia:plemen't&Uon or 'the lJIDP Range Xa.nagement Pro,jact would han in their oondcl.er­
atica cr the lean. The llllitecl. Statea .lgenc7 ror International Denlc:paent &1"8 alao 
M.king a auba~tial ocnttibuUca io the Denlo:pment Pl&ll. U 'the application io IBRD 
ia auccaaarul 1 thera will ba ib.rea ae:parata organisations aaaiating the Range 
II&Ziagtaent DiviBicn cr the Xiniatr7 or .lgricul tura ancl. .lnillal l!uabancl.r7 in C&l"Z7ing io 
a aucceaarul conclusion thair Davalc:paent Plan. 'l'.ha RMD, however 1 intencl. that the 
ib.ree projecta ab.all be coa:pleaent&l"y io each other od will be cca:pletel7 integrawcl. 
under the RMD ao tha t 'the Devalo:paent Prograœ can :proceecl. vi 'th out oonrua ion or 
cl.uplicaticn or etrcrt. Ir thia auoceecl.a it will be an intereating e%am:ple io ether 
oountriea aa io how multi-lateral &id and their :parent crganizaticna can be waldad 
tcgethar io better realize the objectina cr their ettorta. 

The ib.ree Pro,jeota aentioned hava drawn attention tc Oovernaent•a deaire tc 
full7 denlo:p 'the rangeland :potenUal or Ken7a and invaatcra troa the :privah aectcr 
ara being attracwd ancl. cac oonricl.ently be &%:pecte4 tc aake a considerable contribution 
tc the Plan. 
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DEVELOPI•!ENT OF ANI!m PRODUC'riON AND WATER 
RESOURCES IN THE EAST OF NIGER 

J. P. llonett 
Projeot Manager 

Develop:nent of Animal Production 
e.nd. Water Resourcea in the East 

of Niger 

LAa SF/SD/66/PM/3 

It is not eaay to state exe.ot figures for the revenue derived from Animal 
Vroduotion in the Republio of Niger. It can reasonably be stated that some 60% of the 
revenue bas its source in livestook. 

The aize of the cattle population has been the objeot of a number of guesses 
until the oampaign for the eradication of Rinderpest oame recently to an end.. The 
figures arrived at by the Animal Production Depe.rtment on the conclusion of the anti­
Rinderpest Campe.ign are reasonably accurate being based on the number of oattle 
inooulated. The number of cattle in the country is of the orcier of 4,000,000 and, of 
this number, it is estimated that about SOo,ooo are, at one time or another, in the 
zone which is covered by the Project, of about 50 0000 sq. kms. 

The country ia, by law, d.ivided into two main zones by an arti:ficial bound.ary. 
To the South of this lina agriculture bas priority over animal production and this 
settled area is given over to the production of millet, ground-nuts, oow peas and 
soma cotton. North of this lina, the land is entirely devoted to animal production. 

The lina of demarcation, which runa roughly from Northwest to Southwest, was 
established after a study of the rain:fall and the duration of the rainy season, it 
being estimated that about 250 mms. of rain, spread over a period of 70 to 80 deys, is 
the minimum required :for any :form of useful crop production. 

Thus, the most interesting part of the territory at our disposal would lie 
immediately to the North of this boundary. 

The Cattle 

This is a rangy animal, long legged and wall ad.apted to the conditions under whioh 
it has to live, It is of the type known as llororo, after the name of the Tribe of whioh 
it forms the most important possession. It is high at the withers with a narrow chast 
and rump. The brisket is wall developed and o:ften hange in :folds. The hump is not 
toc big and is carried ereot, 
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Maturity is reached ~uite lata and five years should be the average. This lats 
maturity is to be azpeoted when one examines the environment in whioh these animale 
are .raieed. There ia a great lack of available water and, henoe, animale have tc 
travel long distances batween water and grazing1 the distance inoreasing as the 
pastures beeome soares towards the end of the dr,y season whioh is also the hottest 
time of the year. Watering of animale every second day is ~uite normal and it is 1 
therafore, easy tc oonolude that this is probably the most serious single cause of 
los s. 

As is to be expeoted 1 
figures are not available. 
disguise• only the fittest 
them. 

The Grazing Lands 

mortali ty of the young is very high. Again 1 aooura te 
This high rate of mortality is probably a blessing in 

animale survive end more food and water are available to 

We are hers concerned with an ares with a rsinfall estimated at 190 mme. per yser. 
This figure has been reaohed after examination of recordings made at established 
weather stations seme considerable distance from the centre of the ares. 

Rainfall, as is tc be expeotsd, is very irregulsr. Even in the writer's short 
experience, grass is growing in green patohes surrounded by the wilted grass of the 
previcus year. Showers are sporadio and, particularly in the early part of the 
rainy season, two or thres weeks elapse between showers. Tan automatic rainfall 
recordera haVe been set up at oarefully selected spots and it is hoped that more 
reliable figures will be available in the future. 

The Nomade rush with their oattle to the more favoured arasa. Their supply of 
grass is soon exhausted and vast tracts of land are eompletely danudad of &11 useful 
vegetation. This phanomenon is particularly sevore &round the wells and it is not 
unusual tc ses the land ~uite bara within a radius of up tc eight kilometres from 
the water supply. 

The Water 

At the moment, ----~ are practioally the only source of supply of water in this 
ares. Most of these wells have been eunk by.the nomade. Their depth varies between 
20 and 50 metres, this being generally the thiokness of the sand layer (~uaternary). 
Little work is dona in the harder layera underneath the sand and thus the depth of 
water at the bottom of the wall is seldom more than one metre. 

The Nomads have no means of extraotine water rapidly onough to keep up with the 
in-flow while work proceeds and this has to stop when the balance of in-flow and 
ezh&ust h&a been reaohed. 

Owinc to the nature of the soil, wells are liable to collapse at ~uite an early 
lt&gt of utilization. Shoring of the top few metres is then resorted to at an ever 
incr9asing pace and, in many cases, wall mouthe bave a diameter of over ten metres 
with a sloping wall down to the water. ~!ore sand falls in due to the impact of the 
water vassel on the sidas of the wall. The cleaning out of suoh welle is an oper­
ation fraught with great danger and it is not surprising tbat the Nomade often 
prefer to sink a new wall rather tban face these dangers. 

The Rainfall 

As bas already been said 1 this should be of the order of 190 mms. per year in the 
&rea with whioh the Project is concerned. It is assumed that the Southernmost part of 
the area, adjoining the agrioultural lande, receives a slightly higher rainfall. 
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Rain begins to fall in early June, but showers in the second half of May are not 
unknovn. It is, however, recognized that only the rain whioh falls in July and August 
is of any use. Early or later, showers are too sporadio to be of a~ account. In 
fact, as has been witnessed by the writer, early rains are harmful in that they promote 
early germination of the grass seeds and the young plants, with only small development 
of their root system, acon wither and die. 

Rsinfall has a very pronounced tropical oharacteristic. Many storms are 
extremely violent and are usually preceded by winds of up to 130 kms. per hour. These 
storms are very locslized and it is not unusual to see a tract of terri tory looking 
like a green oasis surrounded by a semi-desert. 

Due to the nature of the soil 1 moisture is not retsined near the surface and the 
high rate of evaporation further decrasses the water available to plant life. 

Marketing 

Properly organized marketing of cattle is non-existent. This causes serious 
losses to the breeder. Among breeders 1 the most important numerioally are the Bororos, 
an offshoot of the Fulani of Northern Nigeria. Their only source of inoome is their 
osttle, sheep and goats. Their day to ~ needs, whioh are very smsll, are usually 
satisfied by the sale of a sheep or a gost. They are very reluotsnt to part with their 
osttle and only resort to auch a msssure as a lsst extremity. The number of osttle a 
Bororo ovn• is, to him, the sign of hia standing in the social soale and auch animale 
are sold or elaughtered to astiafy special demande, B10h as a payment of tans or for 
ceremonial purpoaes, suoh as a wedding. 

Cattle slso mean security to the Bororo. It is a reserve on whioh he osn drsw 
in time of need. It is 1 slso, the object of bsrter, should the owner be in need of 
goods 1 the value of which would warrant perting with a besst. This is when the Nomsd 
is the leser. 

The middleman has the sdvantsge of offering goods, the individuel value of which 
is comparatively small. Under various pretences, their value is grossly exaggerated,· 
particularly when offered at a place hundreds of miles from the nearest market. On the· 
ether hand, the breeder disposes of one sinBle unit of b&rter of great value. He is, 
therefore, greatly handicapped in his dealings with the middleman and usually leses in 
the exchange • 

These operations take place either in the grazing lands or at recognized cattle 
markets, depending on the season. The traditional w~ is for each middleman to serve 
a certain number of breeders. These come to him year after year. The middleman 
contends that his only profit ie in the commission which, according to him, is about 
1% of the value of the animal. But discussions between middlemen and exporter are 
held in the absence of the breeder and, therefore, the latter never knows what priee 
has really been paid for his beast. 

This system has certain advantages for the Nomad. It is not unusual that seme of 
the beasts are in very poor condition, very often so weak as to be unable to face the 
hardship of a long journey to market. The middleman will purchaae these animalsat a 
ridiculously low priee but even that is better than a dead cow. 

It is obvious that all these proceedings are not to the advantage of the Nomad. 
There are far too many middlemen, sometimes as many as four. 

The State itself is alao a leser. The cattle exporter arrives from Nigeria with 
marchandise which, in ma~ cases, has been smuggled across the Border. Some of these 
goods are sold, ethers exchanged for cattle. The animale thus purohased are smuggled 
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acroes the Eorder in the reverse direction. The monay cbtained in Nigeria is a~in 
ccnverted into marchandise and the whole operation starts a~in. There is, therefore, 
a considerable losa in customs dues and no _hard currenoy, of which the country is 
badly in need, is made available. 

In fact, bnly the b~er shows any profit in this sequence of operations. 

Conclusions 

The Dsvëbpment of Animal Production in the East of Niger will depend on the 
following factors• 

1. The training of Animal Husbandry Officers with particular stress on Pasture 
Management in semi-arid areas. Thsse officers should be empowered to enforce any 
regulations concerning the utilization of water and grass. They shculd be mobile 
and prepared to stay out for long periode, partioularly during the dry season. 

2. Water ehould be provided and the distance between wells and/or boreholee should 
be auch that animale are not·required to travel long distances, and that they could be 
taken to water at least once a day. 

3· The grazing io to be dons under control. Familias of nomade should be grouped 
and their oattle is to be grazed in a fairly well defined area so long as water and 
grass are available. This will necessitate the introduction of a discipline to.whioh 
the Nomade are not accustomed and against which they may rebel, but education will 
prove to them that, in the long run, they will benefit by it. 

4• Stock drives muet be provided across the agricultural zone, with water points at 
regular intervals and a distance not exceeding a day's march. These routes would allow 
the Nomade to reach their export markets even during the rainy season, 

5· The utilization of stock-pounds should be controlled and their approaches so 
arranged that animale cannet foul and oontaminate the water and thue spread internal 
parasitism. 

6, A thorough study should be made of the incidence of internal parasitism and 
measures introduced to reduce it to a minimum and keep it under control. 

7• There is an urgent need for a complete organization of the marketing of livestock, 
A central Authority, properly administered 1 is probably the best means to this end. 

8, Lastly, grass fires muet be brought under control and heavy punishment imposed 
upon all offenders. 
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DESCRIPTION AND LOCALISATION OF THE INTEGRATED DEVELOPIŒNT PIIOJECT 
IN THE DALLOL-MAOURI VALLEY 

( Republic of Niger) 

T.c. Petruo 
Projeot Manager 

Surveys for the Agricultural Development 
of the Dallol-Maouri, Niger 

The main purpoae of the project h to determine the economie justifioatioDS and 
the teohnioal poaaibUi ti es for o&rr7ing out an integrated development projeot, to 
determine the favorable areaa and to localise vith precision the pilet demonatraticn 
aitea for future development. 

Thia prcject will be divided intc 2 aucceaaive phaeasl 

a) The firat phase, to laat over a period of 2 years, will be devoted tc 
general etudiee (pedolog;yl geomorpholog;y, bydrogeolog;y, &grODOIDJ'o agroetolog;y, eocio­
economica, aocio-agronoiDJ'J• These atudiee ahould demaroate the limite and the localit7 
of pilot aitea. 

b) The second phase, laa ting 4 ;yeara, will be dedicated to uploi tatien and 
agrioultural and pastoral e:i:l;enaion, strictl;y apeaking. A a;yntheaia will then be made 
of the general etudiee and resulta fl'Om pilot areaa. 

The Dallol-Maour1 watershed extends over 65,000 eq, km and atretch88 over about 
650 km before running into the l'liger River valle;y south of the oit;y of Oa;ya, The 
projaot ae auch onl;y oonoarne the Dallol-Maouri sida located between the 14th parallel 
and the l'liger River, that ia, an area of a,ooo aq. km including the; middle and lover 
part of the basin, 

It 1e bounda 

- to the North b;y the 14 th parallel, 
- to the East, from l'lorth tc Southa b;y the eastern boundU7 of the Department 

of Dosao and the l'ligeria frontier. 
- to the South b;y the l'liger River between O~a and Nigeria frontier. 
- to the Veat, fl'Om l'lorth to Southa approl:imatel;r, the lina where the waters of 

the Do.llol Fegha saparate from the Dallol-Maouri. 

The population of this region amounts to about 200,000 inhabi tenta, that ia, 
about 25 sq.km- whioh re~resents one of the arasa of highest denait;y of the Republio 
of l'liger and almoat 1/15 lone-fifteenth) of the total population (3,127,000 population 
1963 estima te). The inhabi tanta belong to different ethnie groups a Djermaa, Kaouri 
(houssaphone), Dadia, Peuhls, ect. 
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The olimate h tnioalJ.T Sahelian, the average ;rearl.T raini'all var;ying between 
550mm in the ll'orth and 850mm in the Scuth •. The rain;y eaaaon '/'&r;ring from 3 montha in 
the Jlorth to 5 menthe in the Scuth, vith çeat ditterenon trom one ;yeu to the ne:z:t. 

The relief ia on 3 levela• 

- a plateau whioh alopea in 2 direotionao ll'orth/South folloving the oourae of the 
D&llol (290 m at DosoDdoutohi, 220 • at Oqa)J and Eut/Vea1a 290 • Dosondoutohi -
270 Il Do 880 • 

The ed.gea of thia plateau are videl7 indented ~ the amall "koria• attluenh of 
the Dallol, which have aometimea dug am&ll oreeka • 

. - an intermediar;y leval, a aort of ehelt vi th the appearanoe of a terraoe whioh 
joins the plateau vith the botte• of the valle;y, and whioh h hollowed out vith attluent 
valle;ya. 

- The bo'\tom ot the Dallol-Maouri ia the third leval ot thia whole erea. U 1a 
a vaat plain, elightl7 undul,ted (amall piete of 1-2 matera vide) hollowed out ~ amall 
baaina whera watar aoaumulataa and atagnataa. 

There 1a no · l'UII-Ott to ape&k ot into the plain, e:z:oept looall;y over ahort diatanoaa, 
and a tu ting from the Pogha and Maouri confluent to the lTiger Ri var. The attluenta are 
otten e:z:poaed to tamporar;r, swellinge, due to raina or. local storma, 

Water atagnataa in a sood number ot tamporar;y or permanent poole, tad b;y flow or 
reeurganoe of water tablee. 

The laval and reein ot çoundwatar basins are ini'luenoed b7·. the r&ini'all repme 
which oould tollow an interanaual o;yolioal regime. 

The preliminer;y 11111'V&Y& ot the land have brought out all the taotore favorable to 
integrated development (aurtaoe water, arteaian posaibilities, sail qualit;y, a:z:iatenoe 
ot permanent or aemi-irrigatad oultivation on the edga of poole, breedera and 
agrioulturieta association, inganuity ot the inhabitanta, density ct population). 

The Dallol-Maouri haa no mean water channel, nor permanent or temporery run-ott 
over i ta entire oourae, There ~~~ be temporar;y looaliaed tlowa between two eand-tilled 
zones whioh teed the pools which torm in the basins. 

R;ydroagrioultural management e;yatems are U!lknown and ;ret, dam eitaa, flood water 
derivation warka, &reas favorable to irrigated perimeters are numeroue. 

It is certain that the necessary investments tor the development of this region 
would e:z:oeed by far the possibilities of the Niger - at short and medium terms, 

Nevertheleas, following the example of ether regions of this countr;y a number of 
simple management systems could be realized vith human investments by a more efficiently 
employed rural laber force, 

The etudies, experimenta, and trials effeated in the past have shown that it was 
possible to increase vegetable and animal production by proceeding with local management 
systems based on the introduction of seleoted seed, oontrclled farming, new cultures, 
irrigation, drainage, parasite control, proper management of pastureland, eta, 

Farming is of two kindst 

- Rainy seaaon farming (river and industriel) atretching from 3 to 6 months. 
- Farming on pool edges or semi-irrigated farming, praotioally permanent, 

Anne:z: 1. 
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As one can see from Anne::t 11 yields are Ve"J:YI b<lw despi te the fer'tili ty of certain 
soils, and the water resouroes (still poorly known} are ver,r little used for agriculture, 
There is toc small a scala of farming and varietiea. The use of fertilisera and manure 
is rare, and whst is more serious, parasites abound, 

Traditional oattle-raising is ourrent, it ia extensive and followa the traditional 
methode found everywhere in the Sahel zone, 

Semi-nomadio harda of oattle 1 sheep and goats live on this side of the Dallol-Maouri 
basin.· For the Dallol-Maouri and Fogha one oan estimate as follcws1 

Cattle 
Sheep 
Coate 

200,000 
100,000 
200,000 

Sessonal transhumance is a rule. The sedentar,r populations are alsc oattle owners 
but the nomad population guard the latter. 

While repreaenting undeniable wealth this oattle iB not the cbject of partioular 
ca.re as far aa food is ocnoerned, In addi tien, there is no "retirement" of old females, 
sterile animale, cr bas sires, 

One must note that these animale live and reproduoe themselves ver,r pocrly1 
aometimes not at all. They eat1 drink and cooupy the grazing areaa tc the detriment of 
the healthy animala, 

Thus we may ocnolude that although the projeot is looated at the far edge of the 
Sahel zone, the agrioultural aotivitiea have all the oharaoteristioa of the Sahelien 
agriculture (rainfall 1 saascns 1 choie' ct cultures, farming and breeding methods 1 etc,) 
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A.IiHEX I 

' ' ' 
Al!E.l PRODUCTION n:a:LD VALUE 

PRODUCTS (ha) (tona) (qjha) (milliona ho) 

llillet 1) 200,000 140,000 700 2,100,000 

Sorghum 48,500 40,250 830 603,750 

l'iebe 1) (61,000) 7,650 125 76,500 

Vo&Ddzou 18,300 14,775 Boo 295.500 

GroundDuta 1) (30,000) 14,450 480 216,750 

Rioe 200 244 1,220 3,460 

Manioo 2,300 19,740 8,500 493,500 

Cotton 850 210 246 6,720 

Maize 220 165 750 4,950 

Sveet potato 20 300 15,000 6,ooo 

Oniona 26 580 22,400 14,500 

Market-garden pro~uote 15 300 20,000 30,000 

'l'obaooo 0-5 0.3 600 60 

Sugar osne 40 615 15,575 6,150 

TOTAL 270,000 239,270.3 3 857 840 

Ji In oonjunètion vi th the millet 
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THE SAVANNA FORESTRY RESEARCH STATION1 
ITS ROLE IN DEVELOPMENT OF THE SAVANNA IN NIGERIA 

A,L, lloComb 
Project Manager 

Savanna Forestr,y Research Station 
Samaru, Nigeria 

LAtSF/SD/66/PM/5 

A foreater ooming newly tc the aavanna regions of Africa aoon becomea aware of 
a number of characteristics of the Savanna vith aignificance for forestry and 
açioulture. First, is the tremendous area of Savanna- aome 5 million square miles 
or over 3 billion acres - about half the area of this large continent. Second, is 
the low present productivity of the savanna land. Third, the poor methode of soil 
and vegetation management new generally in use. Fourth, the relatively çeat 
potential for increased production of forest and food crepe. And fifth is the rspid 
rate of human population çowth and the prospect that the population will continue 
to multiply rapidly for seme time. · 

If one assumes that beth population and the level of per oapita oonsumption ~re 
on the increase in the savanna areas, then the need for increased production of 
.forest and farm crops is evident. The magnitude of the required increase will be 
seen from estimates of population growth and rises in living standards. 

Beoause any rapid increase in the standard of living in underdeveloped areas 
generally oalls for importation from abroad of capital goods and technical ''know how", 
it will be desirable to produce as much as possible within the country and to increase 
exporta of the region 1s natural products. Following auch a policy in the Savanna 
will mean large increases in production of ever,rthing which comes from the land. 

The establishment of the Savanna Fbrestr,y Research Station in Nigeria was 
predioated on the oorrectness of the above assumption, It is the purpose and tunction 
of this station to supply the technical and soientific bases for the establishment 
of forest plantations whioh will meet the needs for wood in the savanna regions 
30 years from now, and to train Nigerian counterpart personnel in various fields of 
forestry research. 

The Savanna of Nigeria covers over 190 million acres - some 85 per cent of the 
land area of the country. This region supports 35 million people or about 65 per cent 
of the total population. 
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Mr. S. Thulin, FAO Forest Economist assigned to the Savanna Forestry Research 
Station Project, recently (1966) estimated the annual consumption of forest products 
in the Nigerian Savanna as follows1 

Firewood 785 million cu. fe et 
Poles for houses 22 million cu. fe et 
Other round wood in houses 21 million cu. fe et 
Sawloge 11 million cu. fe et 
Pulpwood 1.3 million cu. fe et 
Transmission poles O.Qi million ou. fe et 

Total 840 million cu. feet 

Mr. Thulin also estimated the consumption of forest produots in the Savanna in 
1980 and 20001 based on two different sets of assumptions. In Alternative A, 
population was assumed to increase at the rate of two per cent per year and the rate 
of per capita income growth was also assumed to be two per cent. In Alternative ] 1 
both ratee were assurned to be 2.5 percent. Future wood re~uirements on these 
aesumptione are as follows1 

Estimated Consumption -Million Cubic Feet 

1980 2000 
Produot Alt. A Alt. ] Alt.-;--- Alt. ] 

Firewood 820 950 865 1,230 
Poles for houses 26 30 31 44 
Other round wood in houses 21 27 21 35 
Sawlogs 20 22 44 61 
Paper 8 11 45 97 
Transmise ion 12oles 0.2 0.3 1.2 1 .8 

Totale 1 895 1,Q10 1,00] 1,16~ 

The acreages of plantations needed to produce the wood re~uirements shawn above 
were estimated and are shawn below. It was assumed that firewood yields would be 
150 cubic feet/acre/yesr, sswlogs 100 cubic feet, pulpwood 200 cubic feet, and that 
the re~uirement for both emall and large poles would be met from the thinnings from 
plantations established for sawlogs. 

Thousands of Acres 

1980 2000 
l'ro4J:!Ot Alt. A Alt. ] Alt.-;--- Alt. ] 

J'i:rewoo4 5,466 6,333 5, 766 8,020 
Sawlop 200 220 440 610 
Puli!!004 ~0 22 222 200 

Totale 5,706 6,608 6,431 9,130 

Total Sawlogs and Pulpwood 240 275 665 1 '11 0 

It is generally assumed that fuelwood and poles for house construction will 
continue to come from the natural ssvanna woodland and from farm trees. It is also 
sssumed that an increase in production from the southern rain forest srea will be 
needed to meet the economie growth expected in that densely populated region. Also, 
sawlog production from nstural ssvanna woodland is about 4 million cubic feet 
annually - equivalent to 401 000 acres of plantation production. Thus 1 the need for 
new forest plantations to meet the estimated future wood requirements of the savanna 
region of Nigeria amounts to 200 to 235 thousand acres in 1980 and 625 to 11 070 thousand 
acres in the yesr 2 000. 
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The speoies native tc the savsnna woodland are generally of low value and slaw 
growth and it is not believed that production from naturel woodland can be greatly 
inoreased. Thus, the task &head for Nigerian foresters in the Savsnna is the establishment 
of plantations of·exotio speoies which are adapted ta the available sites and will 
produoe highy.Wlds of wood and ether forest products suitable for a variety of uses. 
Trials of exotic species have not been extensive enough or of long enough duration ta 
yield resulte on whioh to base a large program of plantation establishment. It is a 
principal task of the Savanna Forestry Research Station·to expand greatly the speciea 
elimination and speoies growth trials which will be the basie for larger saale 
afforestation. 

The staff of the Savsnna station consista, or will oonsiat, of a number of FAO 
and government oounterpart specialiste oarrying on researoh whioh will help answer 
the questions of what species and races of trees ta plant, what kinds of sites to 
plant them on, how beat to prepare the available areaa for planting, what planting 
methode ta use, how to control economically unwanted oompeting vegetation, how ta 
control injurious tree diseases and insecte, what rates of growth and yield to 
expeot and how to develop, manage and proteot plantation foreste. 

The central core of the Station 1s program is silvioulture with emphasie on 
ohoice of speoies, site requirements, establishment of plantations, and yields. The 
beat locations for plantations may often represent a compromise of biological and 
economie factors. The forest economist will indioate the areas beat suited from the 
eoonomio viewpoint. The silvioulturiets will indicate those areae beat suited to 
give high yields at low costa. They will be assisted b,r the sail surveyors who will 
looate the areae of beat soila for each speoiea. 

Before the ver,y beat sites oan be looated it will be neoessary to determine the 
oharaoteristios of theee sites through etudies of the site and growth requirements 
of eaoh important apeoiea. This will be the work of the silvioulturists, the tree 
~siologist, the sail ~sioist, the sail ohemist, and experts in pathologr and 
entomology. Such etudies will require considerable time but in the meantime best 
judgment will be made based on existing general and specialised knowledge of 
tree-site relationships. 

It is antioipated that the principal ~sical site factors limiting the growth 
at tree species in the Savanna will be the availability of water and nutrients. 
The long season with no precipitation and low humidity orestes high moisture tensions 
and internal water deficits affecting growth. There is evidence of serious nutrient 
deficienciea, especially in seme of the residual soils. Shifting cultivatian, annual 
fires and eheet erosion undoubtedly have contributed greatly ta theee deficienoiee 
although the long periode favourable ta rapid decomposition of organic matter and 
weathering of minerale, plus heavy wet season precipitation alea make an important 
contribution. The probleme relating to availability of sail moisture including 
infiltration, percolation, retention storage, and evapotranspiration lasses will be 
the particular province of the sail physicist. The sail chemist will be ooncerned 
with the nutrient statua of soile and the mobilisation of nutrients. He will work 
closely with the phyeiologist and silviculturiet on problems of tree nutrition and on 
soil fertility factors atfecting site quality, tree establishment and growth. The 
tree ~siologist will be involved in etudies of diameter and height growth in 
relation ta season of year, tissue moisture deficits and (in co-operation with the 
sail ~icist) the availability of sail and atmospheric moistureJ the effect of 
nutrient deficiencies and the relation of intensity and duration of light to growth 
will also be etudied. A forest pathologist will evaluate species in relation to 
pathological factors and will investigate the occurence and control of forest tree 
diseases. 



The economioal establishment of large ecale plantations requires effective, 
law-oost methode of clearing existing Savanna, planting trees, and controlling competing 
vegetation until the tree canov,y closes. This will ba the work of the silviculturists, 
a mechanical tres planting expert and a forest herbicide specialist. 

Species growth trials are planned for the major soil types in each of six 
different climatic zones of the Savanna. For ressons of aconomy, and to accumulate 
data completely describing each site, experimental plots will be concentrated as 
muoh as possible at one locality in each zone. The major meteorological factors 
affeoting plants will bs measured at the principal looality chosen and the physical 
and ohemioal properties of the major soils determinad. Qrowth and yield measurements 
will be made for each principal speoies and yield tables prepared. Speoies growth 
trial etudies will be supplemented when necessary by field, nursery and laboratory 
investigations. 

To sum u~, the Savanna Forastry Research Station is a regional (no political 
significance) forestry research station of the National (Federal) Department of 
·Forest Research. The Station will draw heavily on the talent, expe~ience and past 
work of foresters working in tropical savanna areas and on the Institut& for Agricul­
tural Research which is also located at Samaru and whioh has been concerned for many 
years vith agricultural problems of the s&vanna. In turn it ia hoped and expected 
that the Station can contribute substantially to the fund of basic knowledge required 
to solve the problems of the Savanna. Of particular and immediate importance are the 
plans of government forestera to meet future wood requirements. But it ia also 
expected that the Staticn's wcrk will be useful in the general classification and 
best use of the land, on problems relating to future water supplies, and in soma 
other programa designed to raise the standard of living cf the Savanna peoples. 

Samaru 
August 1966. 
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LA:SF/SD/66/PM/6 

SOIL AND WATER RESOURCES SURVEY OF THE SOKOTO VALLEY 

1, INTRODUCTION 

o. L. Saravanamuttu 
Acting Project Manager 

Sokoto Valley Project, Kaduna, 
N. Nigeria 

The Sokoto Valley Projeot is situe.ted in whe.t is genere.lly desoribed as the Sudan 
Zone Se.vanna.; This projeot, which is primarily a resource survey, came intc operation 
in Me.roh, 1962 as a result cf a request from the Gcvernment of NigeriQ for assistance 
from the United Na ti ons Special Fund to develop this particular Se.vanna area. The 
United Nations Special Fund appointed the Food and Agriculture Orge.nization as 
Euouting Agenoy to oarr;y eut this resouroe survey, 

The bread purpcse of the project is to provide the Government with reliable soils, 
h1drological, topographioe.l and agron~oal data needed for planning water control 
meaaures, auch as store.ge, detention of floods in reservoirs and in watershed, 
drainage of water-logged areaa and supply irrigation water. These data will help to 
aohieve the imprcvement of the river regime of the Sokoto and Rima rivera and ita 
tributaries whioh is essential for the inorease and diversification of agrioulture.l 
production in this denaely populated area. Although agronomie measurea, together 
with social and economie betterment, are needed tor auch an improvement, the meat 
important pre-requisite of any improvement is water control both in the flood plains 
and in the watershed, 

2. G:EXXIRAPHICAL POSITIOll 

·The Sokoto Valley Projeot inoludes the oatohment area of the Sokoto and Rima 
Rivera, oovering almost all of Sokoto Province and a small area of Ke.tsine. Province, 
giving a total land a.rea of 35,000 sq.mls,The catchment area ma;y be roughly divided into 
two major zones, the first southeaet of an almost straight lins, from Fakku 11oN, 
40030' E, to Moriki 12°53'N, 6o28 1E, where lies the upper oatcbment in the geogre.phioal 
division of Nigeria known as the Blgh Plains of Bausa-land. The lower catobment area 
lies to the Northwest of the a.bove and is geograp?toall;y olassified as the Sokoto Plaina. 

3. VEGETATIOll 

Most of the catobment area ie situa.ted in whe.t is generally desoribed as SUdan 
Zone Savannas. The t1Pioal Sudan vegetation is more open and favourable to man than 
the savanne.s to the south, known aa Guinee. Zone, This openess is oertainly in part 



-78-

man-induoed, eapeoiall7 bT hia burni"6 vhioh annuall7 neepe this acne injuri"6 the 
trees, 1 Al thoush the 1i7Pioal tire-reaiatan'li aptoiea po nees rema:dc&ble power& ot 
reoupera ti on, tresh euoker srowth il annuall7 burnt baok and the' treea srov gna.rled 
and orooked and are uaeleaa tor tiaber. The predominant trees are tine-leaved thorJl7 
treea, uauall7 aoaoiaa about 3Q-40 tt, high, There i• a more or lese oontinuoua sraea 
oover, the sraseea bei"6 ahort and teather,r and oontrastins vith tha tall, ooarae, 
tueaook7 sraaaea t7Pioal ot the Quine& a one, ~ valleT• oarr,r a oontilllloua bel t at :ltiz8:lnB 
toreat, Thia consista ot a dense t&"6le ot dr,r-sone apeoiea with iaolated larser treea 
and patohea ot tall sraaa, and ia verT different from the dense saller,r toreat at the 
OUinea sone, J. elaevhere in 'lihe tarri'lior,r, the vesetation ha& been extenaivel.7 
moditied bT man, the aoditioation bains most strikins in the olosel.7 tarmed are&& 
&round the larser towna. Here the orisinal plant oover h&a been more or leaa oompletelT 
obliterated and replaoed b7 oontinuoua atretohea ot arable land dot'lied wi'lih tarm treea • 

.l n1111ber at trees srown 11'1 thout reduoins orop ;yield are Parkia olappertonh.na, 
Adonsonia did tata, But;n:ospermwa parkii, Leuoinia gauoe and Ta.marind.us ind.iaa • .loaoia 
al bide, v hi oh 1& leatleas durins the r&iey aeason, haa be en tound aven ta 1110reaae 
;yield. Xoat at these treea are lesuminous and 'lihair leaves ire used as sreen manure 
inoreasins the tertilitT at tha sail. /The n1 trit;rins baoteria li vins on the roota at 
the trees &dd valuable ni trosen to the sail. Tha leavea and fru1 ta ot most ot them 
are eaten bT the local people in the dr,r eeaeon vhen other food ia aoaroe. 

The 6%treme northern part of the oatohment are& ia looated in the Sahel Zone. The 
vesetation at this sone consista mainl.7 ot open thorn aavannah with a &paree ahort sr••• oover, . Aoaoia treea oan be tound in the lev l;rins ai tee. 

4• CLIXATE 

Temperatures over the area r&"6e betveen a m8%imum ot 43oc and a minimum of 8°o 
and a raintall at an estimated average tor the vhole Projeot Ares ot 35" to 40" annualJ.7. · 
From Sokoto tc the !liser Republio border the average vould r&"68 betveen 25" ta 30". 

5• POPULATIOl'f 

The &rea ot Sokoto Province is, aooording to the lateat census, 36,477 sq, miles 
vith a total population ot 4,334,769, giving a population densitT ot 118 per square 
mile, The aotual distribution ot the population is soverned bT water availabilitT, in 
whioh respect the Sokoto and Rima ValleT are in the position to support large numbero 
at people, 

6. TOPOGR.AP!Il' AND AERIAL PHOTOGRAPHS 

Sinoe there were no reliable maps available in the area, aerial photosrapb,T and 
primar,r levellins vere oompleted betore beginnins the project und.er oontract. Two 
ecales ot photosraphs were produoed, The Fad&ma area, otherwiae known aa the flood 
plain, was on a aoale ot 1110,000 while the entire area waa on a acale ot 1140,000, 
These photosraphs, and the unoontrolled mosaioa, tormed the base maps tor soil aurv•T• 
detailed topoçaphic surveT tor dams an reservoir surv•T•• 

7 • HYDROLOGY 

One at the main aspecta of the projeot waa the collection ot h7drologio&l and 
meteorolosioal data, The data ao far oolleoted were computed and annual 78&r books 
published, From April, 1962 to Xaroh, 1966 about 2,800 disoh&rge measurements were 
taken and 12,000 sediment and water aamplea obtained and analysed, In all, 450,000 
observation data vere oollected in the field and these, with ether av&ilable data, give 
a f&irl7 sood picture at the hydrolosioal as vell as the meteorolosical data of the 
projeot area, 



The main part of the project area where development aeema most prcmisins ia the 
catchment ct the Sokoto, the Gagare and the !unsuru, The total runctt ot the Ria& 
upatream from the contluenoe ct the Zamtara 18 estima bd at 1 ,soo,ooo tc 1,900,000 
acre taet per year aa the average of a long seriee cf 79ars, 80% cf the runott 
originatea trom the upper catohment of the above three tributariea vhere auitable 
reservoirs vere aeleoted. li'ith a total storage volume of 1 ,800,000. acre feet i t is 
possible to control 80% of the runoft trom the upper catohment trom vhich a aata 7ield 
ot 1,250,000 acre faet oan ba assured, 

Fro. the aoil aurvay, thera are 250,000 aeras of socd irrisabla land in the 
prcjact land vhila the oonaarved vater U only autfioient to irrisate 100,000 to 
150,000 aor .. tor tvo season cropa. This ia mainl7 due to the naed to raleue 
water under control tor the tarmers who depend on the flood waters to oultivata their 
fadama land down atream. 

8, RESERVOIRS 

li'ith the hydrolosioal data available and the detailed toposraphical BUrreT& oarried 
out, the follcwing reaerroira have baen seleoted tor the control ot the tlood waters as 
wall as conserve water tor irrisation, The aotual construction, of coursa, will depend 
on the availability of tunda and the rate of development envisaged by the Govarnment. 

liama ot Place Sto~e in aoreLtt, ÂEEroximata oost for Dam on!z 

~~~ Bakolori 315,000 :rr.t2,8201ooo 
I'&IU'&.I!l&moda or 201,000 lf • .t2, 650,000 
Yautabaki 273,000 w.l2,810,ooo 

m 
1'&78 150,000 lf,L1,800,000 
Zobe 200,000 w.r2,ooo,ooo 
Gusau 100,000 lf,L3,420,000 
Zurmi 55,000 :rr.t1,928,ooo 
Kache ra I 423,000 ~ lf,L5,629,000 Ka oh ara II 235,000 

(h) llukltu7um 207,000 li',LJ,ooo,ooo 

9· ~ 

The catchment area has ~ different kinds of soils. Seme are good, ethers ct 
poor quality, liearly all present some problema in oonneotion vith their beat use and 
management, AU do not requira the same kind or amount of soil and vater coBsel.'"l'aticn 
measures, Soma need suoh special measures as drainage cr flood control before they 
are suitabla tor oultivated crops, Others require irrisation to seoure the m&%imum 
production, whilst seme should not be broUght into oultivation beoauae of their high 
erosion potential or very productive oapaoity, 

Ganerally speaking, the soils in Sokoto Province are vell drained, aoid in 
reaction and vary from Bands throUgh B&Ddy loams to loa.ma. They appear to oontain 
sutfioient nitrogen for mos~ crop needs as responsea to moderate dressings of nitrogenous 
fartilillers are, on the vhole, almoat negligible, They 4o, however, respond very 
sraatly ~o phosphate and to farmland manure, There does net appear to be &D7 
defioienoy in potash, They are very lov in organio matter, 

Seme of the eoils show a tendenoy to compact in the sur.faoe and many set hard in 
the dry season and are difficult to work. In those &reas where oontinuous oultivation 
has been praotised for many years, fertility has been seriously affeoted and a number 
ot problems resarding the most satisfactory way of restoring them have arisen. 
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Under a rainfall of about 20" and uupporti.llg a vegetation of thorn savanna, the 
soila of the Borthern part of Sokoto Province are composed of pale-ooloured sand& 
believed to be drift Bands of aeolian origin and re-aorted old alluvium, The aoila 
in the extrema North, whioh are pale oolourad and show no profile development, have 
been olaasified as Regesols. Those soils turther south th&t show acme top-soil 
development and texturad gradation have been olaasified as Thom Thioket Oohrosola 
vith a topsoil pB of 5.5 - 6,0 and a lover horizon pB of 5.0- 5·5· 

In the north-western part of Northern Nigeria, whioh inolude Sokoto Province, the 
drift aands overlie sediments of the Owandu group. When the mora argillaoeous beda 
approaoh the surface, there ia a tendeno;r to torm neutral Gleisola, Bowever, 11; bas to 
be established whether or not there is an;r accumulation ot sodium salta in these aoils 
ot the ver;r far North. 

This aoil group ooours along the north boundar;r of Nigeria. The largest area 
oooura on the drainage basin of the Sokoto and Rima Rivera. A high peroentage of the 
soil is in oultivatio~ beoause of the high population densit;r in the Sokoto and K&tsina 
Provinces, The soils of the area ara highl;r susceptible tc erosion b;r wind and water, 

The drift depoeits derived from the desert sanda of the last arid period turniah 
the most important groundnut soils of West Atrioa. Depth of drift is variable and 
independant of latitude, but textura beoomea finer towarda .the southern margin. The 
southward inoreaae in tinenesa led tc distinction of two major aoil groups, the Zaria 
and the Northern Drift aoila, although turther sub-division oan be reo~zed, 

The Zaria t;rpe representa the southern part of the drifted area, where the oovering 
material, although up to 14 tt. in depth, ia ver;r tine in texture. In consequence, 
the aoils ara heaV7 and ralativel;y dittioult to work, tending to beoome waterlogged 
Vith heaV7 rain and to dr;r out and oraok during the dr;r season, Parther north the 
drift is ooaraer, reaul ting in light aand;r soila of low to medium tertili t;r and e.aail;r 
worked, The;r ara wall auited to orops auoh as millet and groundnuts, whioh ara lesa 
exaoting in their requirementa than cotton, a oharaoteriatio orop in the Zaria t;rpe 
of aoil. 

Aooording to the Senior Soil Surveyor of the Projeot, thera are three main 
divisions of soils and lands ch&raoterized b;r oomplex soil conditions• 

A. Soila on ;youqo; parent material auch as recent sediments, or aoila on parent 
material ver;r resistent tc weathering and leaching, 

B. Soils on relativel;r young parent material, soils on river terraces, and in 
areas where aoils are regularl;r rejuvenated b;r sheet erosion on relativel;r 
rich parent ma terial, 

C, Soila on parent material having been subjected to deep weathering, eto,,, 
either at their present location or in situations betora the;r vere trans­
ported and the transport exeroized no rejuvenating influence, 

The divieions, A, B, and c, roughl;r ooincide vith differences in natural chemioal 
f'ertilit;r. As a rough estimate, A has a relativel;r high f'ertilit;r and totale 3.5% of 
the oatcbment area, B h&e moderate ohemioal f'ertilit;r and totale 52% and C bas a low 
ohemioal fertilit;r and totala 42% of the catobment area, 

Problems of eoil and land use are related to soil and landscape torming factors, 
auch as parent materials (geolog;r), olimate, hydrologioal conditions and man, tauna 
and vegetation, 

The dominating factors in the project area are the extrema climatic conditions 
which govern, tc a high extent, the geomorphology, hydrology, vegetation and f'auna, as 
wall as human behaviour, 
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Soma aspects of the iDtluenoe exeroised b;y the semi-arid olimate on soil and land 
uae in surve;yed terri tor;y ar~u 

(i} 

(ii} 

{iii) 

Sbeet erosion - the strong natural superfioial sheet and sheet-flood erosion 
{intenaitied b;y overgraaing and burning} originatea on rather shallov 
relativel;y ;young soils. This is espeoiall;y apparent in the higher {south­
east) parts of the area. Tha ehallowness is a disadvantageJ the relativel;y 
rej..venated oharaoter ot the soil iB an advantage {ohemioal fertilit;y}. 
Bovever, previous to the present olimate, more humid climatio conditions 
weathered and leaohed ver;y strongl;y part of the parent materiel, Where 
theae materiala (mainl;y tertiar;y and oretaoeous sand, grita and ola;ya 
atill existing in the far Northern part) vere not totall;y removed b;y 
eros~on, the present soils are ver;y poor. More arid periods also preoeded 
the present olimate. During those times, aeolio and fluviatile sand;y drift 
material oovered the area for a grea't part. Strong superfioial erosion bas 
level.led the original dune pa'ttern of the aeolio sands, 

Losa of organio matter1 The intenait;y of the dr;y season causes a quasi­
total losa ot organio matter, even in the most waterlogged areas. Onl;y the 
most reoen't sediments hava a reasonable organio matter content. The laolc 
ot organio matter is the cause of a ver;y low storage oapaoit;y for plant 
Dlltrients (P and N eapeoiall;y} •. · Also the water-bearing oapaoi t;y of the 
sand;y soils is uutavourabl;y iDtluenoed, 

Salination1· DuriDB the long dr;y season there is often an upward movement 
of groundwater, e speciall;y in the ver;y tine sand;y soils in the lower pari; 
of the area. Oooasionall;y in the flood plains this bas origine ted alread;y 
natural alkaline soils {solidized solonetz}. Real salinit;y·ia not found 
under natural conditions. After irrigation, however, the artificiel rise 
of groundwater aggrava tes the dBJIB&r of salini t;y. E:l:perienoe bas shown 
that alread;y atter one ;year of irrigation originall;y non-saline soils 
turned into saline soila. Soma of the soils vith the highest potential 
show the highest liabilit;y to salinit;y. 

1 0, LAllD USE 

Agriculture, together with livestook, provides the main source of inoome in the 
Province whioh iB predominatingl;y agriaultural. The following table shows the 
estimated land use pattern for the ;yeara 1957-1959 and are the latest available 
official figures• 

Total land Under Forest Settlement Other 
Solcoto Land Crops Reserved Unreserved Are as land 
Province 

23,340 1,820 4,920 2,880 140 13,580 
{in thousand acres} 

100% 8% 21~ 12% 1% 58% 

A great deal of the land, other 'than that listed under crops, is utilized b;y the 
Fulani oattle herds. From the above figures alone it is obvious that lan~ availabilit;y 
is not the limiting factor to increase~ crop pro~uction. In this oonnection it is 
possible that, for the naxt tan ;years, Government production requirements oan be met 
b;y inoreasing ;yields rather than b;y inoreased aoreage, an~ 'this oan probabl;y be aohieved 
b;y the issue of new and improved see~, more up-t~te farming tecbniques and a 
oonsi~erable inorease in fertiliser use. 
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Adjacent to 1 and w1 thin the boundal'ies of the main towns 1 faotol'ies and ind.uatl'iea 
are springing up suoll u cement 1 textiles 1 ouring of hi dea and ekins and ethers on a 
smaller soale, In the event of large-scala land davalopment, faotol'ies and prooassing 
plants, oomplemantar,y to agriculture, will ba a naoeaaity, 

The forest land protides not only liveatook: grazing1 but firevood for the t-œna. 
The raoorded output of timber and fuel issuad on permit in Sokoto Province in 1962 wu 
290,000 ou,tt., valued at L29015001 166 1332 ou. ft. consisted of firevood valued at 
appro:z:imately t163 1 332. 

Land. use in the Province 18 largaly oontrolled by olimate and rainfall. In tha 
south and south-aast, vith ita higher rainfall, a high rate of farming b obtainad1 

.vhile 1 to the north, with Ua lover rainfall, livaatook: baoomaa the predominant factor. 

11. Livaatook: oontl'ibutes a very valuable quota tc the eoonomy of the North as the 
following figures for the 1962 oensus clearly ahowa 

Cattle 
Sheep 
Ooata 
Swine 
Bora .. 
Donke;ra 
Came la 
Poultry 

Northern Nige!ja 

Total all livestook 33.1)5.799 

Sokoto Provinoé 

641,565 
206,029 

1,090,231 

41,211 
169,343 

2,645 
1,700,000 

3.673.044 

. The large number of liveatook: involved imposas many problema as regarda grazing0 
and presents a aerious challenge tc the Govarnmant, Availabla land for oontrolled 
stook:ing ie not the ~n diffioulty, vhich really lies in perauading the Fulani oattla 
ownera to adopt a more aadentary planned existence, and in the provision of water 
where no faoilities at present a:z:iat. 

A large export in bides and skins bl'inga a great deal of revenue tc the Region, 
ot particular importance are the skina of the :ramous indigenoua goat, the Sokoto Red, 
Tlle Total export value of hidea and ekina (sheep and goa.ta) for the year 1962 vas 
t 303041000, Tllese figures rater to the Northern Region as a whole, giving the 
following breakdowna Cattla bides t1 14031000, sheap skins t335,000 and goat skins 
t1 15661000, muoh ot this revenue reverted to the Sokoto Province, 

'1'11.1 Oovernment is tully avare of the problema i t faces in effecting a general 
iiDp:roT•ent in livastook: 1 and haa undertalcen - and is atill unde%tak:i.ng - vigorous 
oleannc ot the TseTse flY areas 1 breeding and cattle impmvement &nd better marketing 
:taoU:I.Uea, 

12, PRESENT ECONOMIC CONDITIONS 

Sokoto Province is not a l'ioll Province, but it doaa possess great potential, mora 
espaoial!y in the fields of agriculture and livestook:, Until recent timea the paasant 
farmar a:z:isted at subsistance level 1 and this is true of many at the present time, 
But, in general, a distinct continuing improvement in the agriculture is discernable 
vith a oonsaquentl;r higher standard of living, This improvement iB diraotly due tc 
the Government polio;r of tree seed issue ot improved val'ietiea, the supply ot 
subsidized tertilizar, and the encouragement given to the farmer to purchaae o:z:en1 
ploughs 1 etc, If this rate of progress oan be mainta1ned1 and indeed it must be 
maintained1 the ne:z:t ten years will show a great improvement in yields., and vith batter 
marketing, an inorease in priees tor produoe, 
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1 J, TRAIB'IIITG 

In the original Plan of Operation of the projeot certain tunda were aet aside 
to prOTide fellowahipa for ·liigeriana, but, wUh the agregent of the Govemment, this 
waa later oonverted into a fund deaigned to operate a Sohool of Irrigation with staff 
lerge!T provided b;y the Organisation. 

Thia aohool baa been for acme time establiahed in Sokoto and ia deaigned to train 
aldtable liTigeriana in the field of elament&rT bTdrolon, build:ine:, surve;y irrigation 
design and ether allied subjeota, Seme diffioult;y bas been experienoed in reoruiting 
students with the reqldred eduoational background and the original a;rllabus haa been 
revised to oover a lover standard of traini%16• 

14, EXTENSIOlf OF TRE PROJEOT 

As the reserve neared completion, the Bigerian Government requeated the Special 
Fund to extend the Projeot bT 18 montha so that a feaaibilit;y atud7 oould be 
undertaken b;y the Team for the propoaed dam at Bakolori with a viaw to obtaining 
foreign finance for ità oonatruction, The Special Fund agreed to utend the project 
from April 1, 1966 to September JO, 1967 to meet the Governmant1 a aspirations, ·The 
extendcn na tc e&rrT out th& feasibilit;y atudT aa nll as to continue th&· traini%16 
of teohnioiana at the Irrigation Sobool·at Sokoto and at the Sobool of Agriculture 
in Samaru, 

Since tbere was no reliable information available ae to crop responsea to 
irrigation, an Agronomiet was aaaigned to the Projeot to carr;y out trials. 

The resulta of theae irrigated trials will indicate wbat leval of production 
ma;y be expeoted under intensive agriculture and the application of water, It will 
&lao give and idea as tc what oropa oan be grown in the 4rT as well as in the wet 
aeaaoDII. 

The .trials alec bave proved useful to demonstrate to the local farmers what 
irriga.ted farming is, This is qui te evident b;y the intereat Bhown b;y the farmera in 
the trial area. · 
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LA:SF/SD/66/PM/7 

HYDRo-AGRICUllrURAL SURVEY OF THE SEN'EGA.L RIVER BASIN 

J. Grol4e 
Project Manager 

Saint Louis, Senegal 

I • BACKGROUND 

The Governments of the Republio of Guines, the Republio of Mali, the Islamio 
Republio of !~auri tania and the Republio of Senegal have agreed to oo-operate olosely 
with a view to the integral utilization of the resouroes of the Senegal River Basin. 
To that end, they have appointed a Comité 1nter-é~ats pour l'tm~nagement du bassin du 
tleuve S~égal- C.I.E. (Inter-governmental committee for the development of the 
Senegal River Basin). The purpose of the latter is to promote and oo-ordinate the 
etudies and works projsots neoessary to the end in view. 

The CIE bas seèured UNDP aid for six projects listed below (in 
ohronologioal order) : 

1) 

2) 

3) 

4) 

5) 

6) 

Pre-investment survey for a projeot to regulate streamflow 
of the Senegal River (Gouin& dam) 1 

Hydro-agrioultural survey of Senegal River Basin (lst phase -
General Studies) 1 

Hydro-agrioultural development of the Senegal River Valley 
(2nd phase - Pilot irrigation districts and stookraising areas) 

Study on water use in the Upper Basin of the Senegal River ; 

Study of transport on the Senegal River 1 

Hydro-agrioul tural developmen t of Fouta-Djallon. 
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Projeots 1, 2 and 4 are ourrently being :f'inanoed to an amount exoeeding, in the 
aggregate, US S 8,000,000 inoluding Government oounterpart contribution& (about 20 1). 

The general pattern o:f' the proposed development of the Senegal River Basin ia 
aa :f'ollows 1 

1) Upper Basin. A series o:f' reservoir-dams :f'or hydro-eleotrio power 
production and stream stabilization will be built, the largest being that at 
QUoina at a site soma 200 km upstream o:f' where the Upper Basin terminates, 
giving way to 

2) The Main Valle:r:' Here a series o:f' structures will be provided to control 
the water leval :f'or both agricultural and navigation purposes &nd with a 
view to a gradual expansion of irrigation farming. The present report is 
about this second ares. 

II. THE PROJECT AREA DESCRIBED. PRESENT SI'IVATION, OF AGRICULTURE INCLUDING ANIMAL 
PROOOCTION • 

The projeot ares comprises the Senegal River valley downstream o:f' the Gouin& 
falls, to a total length approaching 1,000 km, oonsisting o:f' 800 km o:f' :f'loodplain 
and 800 km not so subjeot, plus the so-oalled delta. The area thus lies on the 
western end o:f' tl.e savanna bel t, on the sou them edge o:f' the Sahara. 

The width o:f' the :2oodplain varies between 10 and 20 km, resulting in an area 
, • o:f' approximately 9,000 km f~r a total length of 650 km. The va2ley gives way to a 

delta approximately 5,000 km in aize, all in all some 14,000 km , including the 
uplands bordering the valley. ' 

Climats 1 Sudano-sahel type, oharaoterized by a very pronounced dry season 
:f'rom Ootober to Ma;y, and a rainy season lasting from June to September. 

Rainfall 1 increases :f'rom West to East, 370 mm yearly being reoorded at 
Saint-Louis, 522 mm a.t Matam and 749 mm at Kayes. 

Temperature : the daily mean ranges between a maximum in April-Hay 
(Matam 1 34°0) and a minimum in Deoel:lber-J'anuacy (Matam 1 24°C). 

Relative Eumidity 1 Minimum in Maroh-April (Matam 1 daily mean 32 %) 
maximum during the rainy season (!4a.tam : daily mean, August : 75 %) • 

Floodwaters 1 The floodwaters of the Senegsl are governed by ra.in:f'all in 
the Upper Basin. Depending on the year and the point o:f' the valley under 
consideration, the highwater season ocours 1n June-July and again in October­
November. 

Soils : The soils o:f' the valley are alluvial and o:f' recent deposition, their 
texture~nding on the frequency and dura.tion of the time they have been under 
water. By resson o:f' the shi:f'ting o:f' the normal bed o:f' the river, a prooess that is 
going on even to-day, the amount of arable land varies, but :f'or the most part, their 
agrioultura.l potentiel is high. 

In the 'so-called delta, soils again are of the hydromorphic type, their 
~egree o:f' saltiness being governed by the proximity of saline groundw~ter. 
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As things stand, farming depends on rainfall and the flooding of the river, 
whila irrigation farming is virtually unknown (lesa than 10,000 ha, entirely given 
cver to rice growing), 

Rainfed farming is carried on in the uplands overlooking the valley, and 
yields 1 partioularly as oonoerns their pattern of distribution, are a funotion cf the 
water supply from this acurca, Crepe, which are very much a matter cf chance in the 
West, can show yields of 500- 800 kgjha in the East. Millet is the_staple orop. 

Floodplain farming. Land in the valley is orcpped when the floodwatera racede. 
The ares involved is in direct ratio tc the e:z:tent cf flooding and the date the 
waters subside, To these uncertainties must be added those represented by the hot 
and dry east winds 1 blcwing from J'anuary to Maroh, Yields vary graatly, Sorghum ia 
the atapla crop. 

Cattla farming, Cattle ara raised on nomadic or sami-nomadio linas, Harda 
lesve the valley during and after the rainy seascn, tc retur~ thither at the end cf 
the .dry seascn, Transhumance cf the kind orestes prcblems for the orop fermera of 
the valley - and this will be true evan when irrigation farming ia introduoed. · 

Forest oover. There ia still considerable forest cover on the flcodplain, 
the main species enoountered being the gonake tree (Acacia soorpioldea), whioh ia 
quite tolerant of periodio submersion, 

Fisheries, Fish is a main protein tood i~ the Senegal valley and is oausht 
ohiefly when the floodwaters recede, 

III, PURPOSE 

The project oalls fer surveys with a view to the progressive development of 
the valley and so-oalled delta of the Senegal River Basin· thrcugh irrigation, Any 
auch management schema, hcwever, is a long-term unQartaking, whose affects will be 
felt only with the passage of time, and the ohangecver from present praotioes to those 
demanded by irrigation fsrming 1 once this is introduoed, oan only be brought about 
gradually, Two stages, therefore, are envisaged : 

1) 

2) 

annuel flood control by means of a reservoir dam at Gouine in order 
to improve conditions for floodplain farming (and also to regulate 
to soma e:z:tent the regimen of the Falémé river) 1 

a gradual ohangeover to irrigation far ming as the irrigation and 
drainage projects in the valley reaches are completed, 

The general etudies making up the first stage will be supplemented in a 
second phase by the creation of pilot irrigation districts and stockraising sreaa 
as a fessibility study, on a life-size madel, under the aotual conditions in whioh 
the proposed management schemas will be brought into being (and this from the 
economie and social, as well as the teohnioal, standpoints), 
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IV. DESCRIPTION OF THE PROJECT 

The firat step will be to oollate available information - of whioh there is a 
considerable quantity relating to the area under discussion, having aooumulated in 
etudies of this kind over several decades, Then will come operations to complete the 
map ooverage on a scala of 1 1 150,000 of the valley and delta regions of the Senegal 
river. 

With the hydrologioal, olimatio and topographie data already available, it will 
be possible to prooeed with etudies on a mathematioal modal of the river downstream of 
the Gouina falls, The ohief purpose here is to simulate the natural regimen of that 
river and to studY the hydrological effeots of building a dam at Oouina in respect of 
a number of operational aeeumptions in its regard, 

A soil survey of the entire valley will follow, leading to the compilation of 
a 1 1 50,000 ecale land:..use map in both the valley and del ta areas, 

The findings of all the etudies here desoribed should provide the basie for a 
general development soheme for the region and justify commencement of the hydraulio 
engineering etudies. 

A hydro-geological survey of the Senegal delta area will provide information 
on drainage and control of salt enroaohment. 

All the aforementicned general etudies will be supplemented by special etudies 
on fiaheries, forestry, agronomy and publio health, 

The final stage, that of the sooio-eoonomio etudies, is intended as a means of 
determining in what direction eoonomio aotivities may beat be ohannelled, under the 
development programme, and to oonsider action with a view to providing vooational 
training in agrioul ture. 

V, THE NEXT STEP - PILOT IRRIGATION msTRICTS AND .ANIMAL HUSBJ.NDRY SCHEMES 

A second stage envisaged, though not as yet approved, oalls for the creation 
of pilot irrigation districts and animal husbandry sohemes, The intention is that 
these would beoome operational one year following the commencement of the first stage 
of work. 

Exploiting the teohnioal findings emerging from the agronomie researoh, the 
pilot irrigation sohemes will alec provide an opportunity to ascertain local reactions -
in the economie and social sense - to the radical transformation that this ohangeover 
from floodplain to irrigation farming represente, A further consideration is that these 
asme experimente will provide information on the approaoh to adopt in rural 
promotion and extension work. 

The pilot husbandry sohemes will be oreated in the upland areas bordering the 
valley, At the present time, the land in those parts is given over to winter (rainy 
season) orops and nomadio stock raiaing, New, the fact is that the development of 
irrigation farming in the valley itaelf will permanently exolude stockraiaing as 
ourrently praotised. Aooordingly, in order tc offset diffioulties of all kinds likely 
to arise from the new si tua ti on, a a tudY will be made of (a) ways and means of keeping 
the animale on the upland pastures throughout the year, if a satisfaotory network of 
wate:'ing points and a carefùlly planned pasture rotation can be introduced, and (b) 
the complementary oharaoter of the present extensive grazing and the intensive orop 
growing methode that should become feasible in the irrigated valley areas below. 

As with the pilot irrigation districts, the problem with these animal 
husbandry schemas is as muoh economie and sooial as technical. 
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VI, TliE CONTRIBUTION OF TliE PROJECT TO TliE MEETING ON SAVANl!A DEVELOPMENT 

Irrigation is possible along all the great rivera of Atrica and their 
tributaries, At the present time, soil and water resouroes are utilized whether 
tor cropgrowing or stockraising along tradition&l,.and tor the most part extensive, 
linas. 

A radical change vould have to be ettected in the habits of the local 
populations, in both the activities mentioned, tollowing on any development of these 
parts. Thought must be given in advance tc auch a change so that, when the time oomes, 
the authorities m~ be able to deal with the problems inherent in the farming of newly 
oreated irrigation sohemes. 

The Seneg&l valley lies on the western edge of the S&Vanna bel t. Ph;ysical 
conditions are comparable to those of the basins or ether major rivera in the region 
suoh as the Niger, Logone and Chari. Now, sinee an intensive and soientifio utilisation 
ot soil and water resources in the savanna belt ia tundamental to economie and aooi&l 
development there, the solutions emerging trom the h;ydro-agrioultural surve;y of the 
Seneg&l river basin should be· applicable, mutatis mutandis, to ether river basins. 
For the present, however, in view of the tact that the projeot is not ;yet operational, 
it would olearl;y be better to learn auch lassons as emerge trom pro je ota al re &dy 
oomplated or still going torward elsawhare in the savanna balt. 
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LAaSF/SD/66/PM/8 

LABD AND 'liATER RESOCB.CES SURVEY Ill THE JEBEL MARl!A AREA 

lo General 

A .J. llakker 
Project Manager, 

Land and 'liater Resources Survey 
in the Jebel Marra Area, Sudan 

Field operations atarted February 1963 0 duration of Projeot four yeara, ending 
January 1967. · 

The Prcijeot iB Ol)erated for the main part vith direct recruitment of tni experts, 
but vith epeoial parte handled under aub-oontraota vith private firMs (Hunting Teohniaal 
Services tor aoil eurvey and aurvays of land usa and natural vegetation, Lerioi 
Foundation for geophyaioa and further contracte vith Autair for helioopter services and 
vith the Dornier Faotory tor airaraft pilota). For the aooiologioal aurvey, a aub­
oantraot vith the Ohiversity of Bergen, Norway, has been oonaidered, but for praotioal 
reaaons tvo oloaely oo-operating experts vara finally given individuel contractai· one 
·field expert and one eenior consultant reaponaible far the over-all interpretation of 
the data. 

Five aaaoaiate experte from Sveden, Rolland and Belgium have re-inforced the taam. 

On the Oovernment aide the Kiniatry of Irrigation vas appointad as oparating 
Xinistry vith participation of the Ministry of Agriculture, Animal Resouraes and 
Finance and Economie Planning and the departmenta of Foreatry, Geology, Topographical 
eurvey, Keteorology and Land Use. Soma special rounded-oft taaks are handled under 
oontraot betveen the Miniatry of Irrigation (the Prajaat) and the Survey Dapartment, 

The Projeot area (about 32t000 km2) ia exoeptional in the Savanna balt through 
the high mount&ina (over 3,000 m.) vhioh oauaea a oooler olimate and higher rain tall 
than ie normal for the aurrounding areaa. 

2. The Projeot forma phase 2 of the survey of the area •. 

A short reoonnaieeanoe survey vas already carried out in 1957 for the 
Government of the Sudan by Hunting Technioal Services. The recommandations of the 
phase 1 study are, in prinoiple, the terms of reference for the present phase 2 survey. 
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The surver oan ba divided into 3 parts• 

~) 

~) 

~) 

the inventory ot resourcesa vater, land, natural vegetation, present land 
use and the sooiological surver and the health aspeots1 

determination ot teohnioal possibilitiesl agriculture, beth raintad and 
irrigated1 inoluding field oropa as vell aa hortioultural oropa 1 vatar 
management, grazing and animal huabandry, toreatry1 roada and oommunioationsJ 

appraisal and recommandation ot future devalopmenta 
consideration will ba decisive in this laat part ot 
not ret concludad. 

aooial-eoonomio 
the Projaot vhioh is 

3. To alaborata on resulta ot the aurvar ia not possible vithin the aoopa ot this 
etatemant. To aummarize brietlr ve toundl 

A generally impervioua basement oomplex ares vith, spart from the aotual mountains 
soma 1001000 acres good lands in the piedmont and soma 150 1000 acres of river alluvia, 
raoaive raintall limited to 4 aummer montha 1 of 600 to 900 mm/yr (on mountaina ovar 
1 1000 mm) and have available acme 200 million m3 ot surface vatar in the Vadi Azum 
system. To bring vater to the piedmont aoila the construction ot surface reaervoire 
ia neaded 1 vhila in the lover vallaya the alluvial aquitera oan aupply excellant 
underground atorage. · . 

The mountain effara unique poaaibilitiea tor the production ot eoftvood and the 
poaaibilitiaa of tamparate zone fruita ahould be further inveatigated. Seed potatoaa 
are aleo promiaing. 

The piedmont already supplies excellent citrus fruits. Irrigation vater h&e 
probably to be uaed here mainly for hortioultural orops, E&infed tobaooo may be 
possible (bail damage), Further oontrolled intenaified grazing is possible in the 
lover mountains and piedmont. Buoalyptue plantations are doing very vell hera. The 
economie relationship betveen theea poaeibilitiea haa atill to be vorked out, 

In the lover valleY& the beat lands are already oooupied by very able fermera 
vho are longing to obtain modernizad meana of production, Irrigation from pumpa oan 
be greatly axtendad, Raintad agriculture, espeoiallT aorghum and millet will continue 
tc be important, For the production of cash orops the marketing poeaibilitiea ara at 
preaent decisive, A system of "almoat all veather" roadà ahould bring enormoua changea. 
Next to hortioultural oaah oropa 1 tobaooo ia vary promising. The large areaa of mainly 
ahallov baaement oomplex aoil betveen the main Wadia are mainly uaed for eeaaonal 
,raainc, Intenaifioation by construction ot more vataring pointa will probably lead 
to aooelerated erosion, 

Oonaiderable areaa ot black 
toola are toc light for the aoil, 
in the Sudan, · 

claye are hardly used at present beoause the available 
Development of auch areas ia investigated elsevhere 

4, As special aspecta of the Jebel Marra Projeot worth ocnsidering in thi• meeting, 
the follcving oan be mentionedl 

(a) The alluvial aquifera cf the lever valley& give excellent posaibilities for 
underground vater atorage vith as advantagesa 

- no heavy initial investment in dam oonatruoticn is needed, and development 
can take place gradually1 

- very small evaporation losses1 
- seepage lesees from irrigation raturn to the reservoir. 
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(b) Sociologioal etudiee vere oarried out br 2 anthropolcgiata instead cf the 
farm management etudies vhioh are usual vhen ve deal vith mere aophistioated 
scoiaUea, 

(o) A special etudy vas made of the Haraz tree (Acacia Albida) and ita verr 
important role in the agrioultural cycle. 

(d) A limited prcgram of road oonstruation vas oarried out vithin the surver 
prcjeat, The most urgent prcblem is,prabablT hov tc oreate all veather 
aooess ta the area vith a minimum of casta, 

(e) Urgent need far oc-operation vith ether projeota exista among ethers inl 

~ the development of heavy olaya in South-Western part of the projeot 
area (Nuba mountains)! 

- the development of the sandT Kordofan aoils, East cf mountainJ 
- the Eoonomica of groundvater extraction from superfioial aquiferaJ 
- J'orestrn 
- Prooaaaing of agrioultural produota. 

5· Special Nesda and difficultiea ezperienoed during the project. 

la) Preliminarr over-all appraisal·needed periodioallr in order to adjust 
program and prioritiea. Exampleal 

Reiation betveen vater and land resouroes, 
Groundvater volumes and groundvater disohargea, 
Searoh for extra stock vater - vhere needed, 

(b) Shcrtase of gualified aaunterpart personnel. Conaider pcasibility cf 
adjuating aurrent observation methode tc the means available. 

(a) 

- In Jebel Marra hydrolcgy aimplified diaoharga cbaervationa by lccally 
engaged personnel statianed on the spot during vet season, 

- Use ct computer far oaloulaticn cf topographie data saves time and makes 
strict adjustment possible, Alsa computation + plotting contour mapa 
by computer, 

Operation and maintenance cf prcjeot airoraft planned ta be Gcvernment 
responsibility failed vhen Sudan Air vas reorganized, Ccmpletely different 
approaoh tc be ocnaiderad, 

(d) Maintenance of vehioles and ether projact maohinery needs more preparation and 
tc - be apeoified in muoh more detail, 

(e) Co-operation betveen different Miniatrias and Dapartmenta is often diffioult, 

(r) Meat important• the local population oannot understand the need for 
aurveya and etudies. A oombination vith acme development is needed, In 
our project,road improvements needed for the project ara at the aame time 
the beginning of development, eaaily underatood by everrone. 

(g) Different fields are not at all equallr advanceds foreatry better developed 
than grazing, 

(h) Combination of project management vith full teohnioal reaponsibility fer 
important field can easily be too much. In our oase support from assooiate 
experts formed a partial solution, 



6. Follov-up projeota 

An all important gap betveen survey and aotual development lies in the realisation 
of teohnioal poesibilitiea under farmera conditions, 

If the development takea the form of a large oentrally oontrolled projeot it ia 
the taak of the direction of the development organisation to alose this gap. 

If hovever - as .ia the osse in important parts of our projeot area - either land 
or vater resouroes are soattered, and an experienoed population of settled farmers is 
available, it ia neoeasary to make a separate effort at pilot-demonstration of 
development groving from the existing farming, 

This is all the more true if the ares is isolated and far avay from the capital, 
Controlled investigstional development ia alao needed for large ecale groundvater 
exploitation vhere the behaviour or the groundvater surface has to be olosely folloved, 

For similar ressons but in a oompletely different field, va propose that during 
a follov-up projeot social change will be meaaured at regular intervals. 

Although the survey will ba oompleted, investigations have to continua. Even 
vhsre the reaponaibility for auch investigation• oan be effeotively turned over 
oompletely to the Govarnment, consultant advioe may be very useful. This ehould alao 
be inoluded in a follov-up projeot. 

1 
' ( 

1 
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STATEME!iT ON .THE FORESTRY RESEARCH AliD EDUCATION PROJECT, 
SUDA.N, AS IT RELATES TO SA. V .AliNA DEVELOPMEN'l' 

D.A, Lane 
Project Manager 

Fbrestry Research and Education Centre 
Khartoum, Sudan 

The Forestr,r Researoh and Education Project in the Sudan became operational 
in Februar,r, 1962 for a five year periodJ it is 11keq to be utended for a 
further period of 12-18 menthe. 

The Raeearoh aspect of the project covers Silvioulture, Wood Technology 
Sawmilling and, more recently, Bot&nT. Since all the Sudan, spart from the 
deaert area of the north, which covere between a quarter and a third of the countr,r 
and emall &reas of olosed forest in the south, comee under the oategor,r of eavanna, 
the projeot 1s main work is in the savanna area. 

Silvioultural research under the projeot is divided into feur areae, the Arid 
Zone with a rainfall up to 300 mm falling moatly in 2i menthe of the year with beth 
clay and candy soils, the Eastern: Region w1 th a rainfall of 250 to 950 mm w1 th mainly 
heav,y clay soils, the Western Region with a rainfall var,ring from 350-800 mm with 
mainq sandy aoile but soma claye and the Southern Region with a rainfall vacying 
from 800 to 1500 mm or more with mainl7 lateritio soils. 

The Silvioultural reeearoh program can be divided broadly into the following 
categories I-

l) Investigations into the naturel savanna vegetation, its rate of growth, 
ite coppicing and productive oapaoity, the effeot of fire and of protection 
against fire, grazing and biotic factors. 

2) Investigations into the silviculture and management of the sconomioalq 
important indigenous savanna species, some of which grow under special 
conditions auch as Acacia nilotica, locally known as 1 sunt 1 assooiated 
with seasonally floodsd areas near rivera, whioh produces a heav.r hard 
timber used for railway sleepers and which also produces from the fruit 
pod an excellent tannin materiel for the treatment of hides and skinsl 
Rrphaene thebaica, the Dom palm, which also coeurs along water courses 
and which produces a very durable timber, alec fibre from the leavee 
which is ueed extensively for making brushes, mats, rops etc. and the 
nut whioh provides a good fodder and is also used for making buttons! 



Boswellia F&plrifera vhich oooure, sometimes gregarioualy1 on stony slopea 
vith a rainfall of about Boo mm and whioh produces a timber used for match 
bo:~:es and for partiale board, beth of which are made in Khartoum. 

J) Investigations into the. Silvioultura and mangement of e:z:otio apeoies1 grown 
under irrigation and under rainfall conditions, whioh have been introduoed 
in the pa.st, seme of whioh a.re alread,y hav1ng1 or will acon have an impact 
on the rural eoonoi!IT of the savanna population, and ~ater on the oount17'• 
eoonOIIITJ examplea of thase are EuoalpYtu& miorotheca., grown under irrigation 
in the Geaira. cotton growing eoheme area1 whioh providea for the main needa 
for bUilding peles and fuel for the large tenant population living in the 
ara&J Euoalntua tereticcmia, which 11 grown on the fertile ailt aoila 
along the Blue Bila and which produces a.n e:z:cellan t pole - once the prcblem 
of preventing aplitting oan ba aolved - suitable for telephona and electrioity 
transmission lin es 1 Teotona grandis - teak - which ia being grown on & 
ooneiderable scala in the southern part of the oountr.rJ Cupressua luai tanioa 
which ia the main acttwood speoiea being grown in the Imatong Mountaina in 
the aouth and on Jebal Marra in the west, which will provide tor the future 
aoftwood needs ot the Sudan1 and a number ot ether apeoies which show promiae. 

4) Introduction ot ether exotio speoies1 whioh are likely to have a chance ·ot 
auccess under different conditions in the savanna ares in the form of aboretum 
triala consisting ot about 25 trees of each speciea. ~cee whioh show 
promise in the arboretum trials ara invastigatad furthar on a largar scala 
in spaciea triala1 following which1 if atill suocessful they can be planted 
on a field scala. 

~a Wood Technologr resaaroh program is designedl 

i) to investigate the properties ot the natural savanna. speciea in arder to 
tr,r and tind uses to which these speciea can be put either in the ra.w 
state1 or a.fter soma form ot preserva.tive trea.tment 1 or in a oonverted 
atate auch as a constituent of pa.rticle bo&rd. 

ü) to investigate the properties ot the exotic species which have been 
introduced and a.re growing under conditions sometimes very different from 
their na.tural ones, which ma.y ha.va considerable effect on their propertiaa. 
~is appliea particularly to species grown under irrigation whioh have 
ample ground water but whose tolia.ge is subjected to extrema heat and 
very low humidity. A good exemple of this ia Euoaltptus oamaldulensis 
which growa extremely fast but when eut, certainly in the younger stages, 
splits ba.dly and produces a very unstable timber. 

The Sa.wmilling program covers investigations into the most suitable equipment 
and Sawing techniques for converting the savanna species, mostly the larger onee in 
the south auch as the mahoganies, Khaya grandifoliola. and K.senegalensis, Isoberlinia 
~ and Atzelia afrioana and also Acacia nilotica in the north, into sawn timber of 
sizea wbich are in demand. It also covers the kiln seasoning of the timber, which ia 
an import&nt a.speot if the timber from the more humid south is going to find a ready 
market in the main consuming area.s in the north where the humidity is very muoh 
lower. 

~e Botany program covers the study of the savanna vegetation, the building 
up of a. herbarium, including a oarpologioal collection of fruits and sea3 1 many of 
whioh are used for a variety of purposes by the rural population, and the prepara­
tion of a handbook of the more important trees of the northarn Sudan. 

The savanna ares of the Sudan generally is one of a low human population 
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densitT but of a high animal population density, partioularlT of goats near &nT 
habitationJ the natural savanna vegetation should be retained as long as possible 
to prevent erosion, mainly wind erosion in the drier areas, asaist water conservation 
and provide fodder and shade for animala, partiouarly at the dr,r periode when no 
ground vegetation is available, and alao by providing, as it does new and will 
continue tc do so for all time if not deetroyed, the requirements for fuel and for 
rough peles for building purposes in the rural &reas: · with the rising standard of 
living, a better quality pole is likely to be demanded in the future for building. 
If development is to take place in savanna areas whioh entails large scala clearing, 
it is essentiel that sufficient naturel vegetation shculd be left to ester for the 
needa of the population, which may increase considerably with development. An 
appropriate method is to lesve etripe of vegetation which will form shelter for 
orops and animale. The effeot of shelterbelts is being studied on the project. 

If seme form of cheap preservative treatment oan be given to the natural 
poles, those species now used will last considerably longer and the demand will 
be oorrespondingly lessJ ether speciee not now used may also become utilizableJ 
this is a problem which is being taokled on the projeot. 

A further matter which is being investigated and whioh requires more investi­
gation, ie the coppicing oapaoity of the savanna speoies, whether the time of 
ooppicing influencesi» .production of healthy coppice sheets and what effeot brovs­
ing has on young ooppioe sheets. 

The problem of fuel and pole requirements arises near the main centres of 
population where beth are in short supply. It is near these centres - not so 
close that town planners will be eyeing them in a few years time as has so often 
happened in the past, - or in suitable and accessible areas not toc far away, that 
plantations of fast growing speoies are required and where a considerable amount 
of the projeot ailvioultural work ia being carried out both in irrigated and in 
non-irrigated areaa. A vide variety of mainly exotio apeciea are:being raiaed in 
arboretum trials to find out what apeoiea will grow well and whether the produoe 
from these speoiea is suitable for the local requirementa. Two species among 
ethers, whioh show ver,y considerable promise in the young stage are Coneoarpus 
lanoifolius, whioh ia a native of Somalis, and whioh is growing ver,y well under 
irrigation in the Khartoum Greenbelt and elsewhere, and whioh produoes a good 
general utility timber from testa dona by the Wood Teohnologiat and Euoalrptua 
ezserta from Australia, which is doing well on sandy soils under rainfall of approz­
ima.tely 400 mm. 

The importance of good screening trials for new speoies over a period of years 
oannot be over-stresaed. A good example for this is Azadiraohta indic& the 
ubiquitous Neem- whioh grows wall as a plantation speoies for the first two yeara 
after planting out in the sanda of Kordofan under rainfall of apprOJCimately 430 mm, 
but whioh then deteriorated rapidly and moetly died1 probably through competition 
for the available water. 

The Sudan ia fortunat& in having an indigenous apecies Acacia aenem whioh 
growa, in soma places as a pure orop, on beth sand and clay soils in the 2 to 
450 mm rainfall belt and which produoes the 1gum arabie' of commerce. It ia an 
ideal apeoiea for savanna conditions since it is the main constituent of the fallow 
period of the agrioul tural rotation. It oan be raiaed auooeaafull;r direotly from 
seed, it atarta produoing gum after 3-5 years and then becomes a cash orop, ver,r 
oonveniently during the dry seasonJ it also provides good fodder. ihen the land 
is required for agriculture, the trees oan be olear fellad and the produoe provides 
large quantities of wood for charcoal and firewood - unfortunately it ia not etra~ght 
enough to produoe reasonable poles. It withstands several yeara of ruthless ou~ 
ting baok while agricultural orops are grown and when left, it will shoot &gain 11nd 
atart another rotation whioh again produoea gum and cash - all this at no oost -



while the land is lett tallov. ~is is an ideal exemple of torestr,r and agricul­
ture vorking together. ~e restook:ing of natural 'gum gardens 1 sa the;r are oalled, 
ia being encouraged b7 the Foreste Department who are also aowing up new areas b;r 
mechanioal means. The Forest Department ·aum Research Otficer ia alao a projeot 
oounterpart sc there is close coordination in this vo.tk. 

In aavanna. arasa vith a raintall above 1100 mm, teak ia being groliD auocesa­
tullTJ it produoes an excellent pole which is ver,r durable, and 1t it will grow to _ 
timber aize, it will produce a valuable but hard timber. The project program tor 
the south included work on the ailvioulture and management of teak but untortunsteq 
little work has been possible. ~e importance of this speoies tor asvanna develop­
ment in the higher raintall areas and on good soils is tull;r appreoiated and it is 
almost certainl;y a speoiea of the tuture tor theae areas. Soma a:perimental work 
on raising teak with agrioultural oropa- tha vell k:noliD taunQ& s;ystem- has been 
dona and has ahown that this method is ver;y aui tableJ ganera.l experience has proved 
that the taunga s;rstem is auooesstul onl;y where there is detinite land shortage 
tor agriculture. 

In the higher altitude arasa of the Imatong Mountains in the south and on 
Jebel Marra in the west, plantations at oonitera, mostl;y Cupresaus luaitanioa0 but 
seme Pinas, are being established. At present all sottvood reqûframenta tor the 
Sudan are being imported, b :1965 importa amounting ta 240 014 metrio tona tc the 
value ct 1:890700000 whioh was approrlmatel;r halt ct the amount imported in the 
previoua ;rear. The higher altitude areas capable at growing aottvoods are most 
important tor the oountr,r and are developing rspidl7J the crops are still in the 
young stages but promise wellJ project work in the south has bean limited but on 
Jebel Marra a variet;y ct a:periments are in progress with the &ill at tinding ou'ti the 
beat techniques tor good establishment and growth ot the sottvood and ether apeoies, 
mostly EUcal;yptus. Bumbers ct arboretum trials hava baen startad tc tind the 
most suitable spaoies under different conditions and man;r sample plots have been laid 
out tc tollow the grovth of those speoies alraad;y planted on a field saale. Tending 
and thinning experimenta will be started as soon as the orops reach sutficient aize. 

Experiments on planting coniters in lowland areas vere alao etarted in the 
sou'tihJ soma species have promised vell and there seems little resson wh;r quite 
large soale davelopmen'ti on these lin.es should not tollov. 

Development requires staff and equipment. The education aspect of the 
projec'ti inoludea the training of counterpar1i0 field and laborator,r staff in researoh 
and praotical techniques and assistance tc the Forest Rangers Collage b7 the proviskn 
ot 'tieaching staff and equipment tor the 26 students who are undergoing a tvo year 
course. A considerable amount of equipment tor field, workshcp and l&borator;r 
vork has been purchased with project tunds and is 1n use. 

Su dan 
August 1966 
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THE BOIL SUllVEY PROJECT AS BELATED TO 

SA VAlllfA DEVELOPMEET Ill' stlDAlf 

Olenn H. Robinson 
Pro;ject Manager 
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Strengthening o~ the Boil Survey Division, 
· Wad Medani, Sudan 

The Sud&n -United Nations Soil Survey Pro;ject has eeveral purposea but the 
central goal il to help to eatabliah and organise a Boil Survey Division which can 
serve the needa o~ Sudan ~or Boil Surveye and interpretation o~ soils i~ormation. 
To acoompliah this the .tollowing general program vas proposed. 

(a) Conduot eoil aurve;ra inoluding laborato:cy etudies o~ speci~ic areas in 
varioua parts o~ the count:cy, Theee aurveya are at the reconnaissance, 
aemi-datail and detail levela o~ generalisation. In doing the surveya 
the at~~ obtaina "On tha Job" training in the varioua kinds o~ surveys, 
etudies ~ield aurvey methoda and prooedurss, sampling procedures and 
the collection o~ relevant soils and agronomie data. 

The la bora tory is under ··the direction o~ an FAO Boil Chemist 
who givea training in ohemical analyaia o~ aoila - inoluding methode and 
procedures. In addition, etudies are made relative to the ldnds o~ 
analyaia needad ~or varioua typas o~.soils and interpretation of 
reaul ta, The ~ield aurveyors ara also trained in interprsting la bora tory 
data. The areas surve;red .are of interest ~or the Oovernment Development 
Program and the recommandations will be usetul in planning their utilization. 

(b) Soil Clasai~ication and Correlation and Boil Survey Interpretation etudies 
.are oontinuous throughout the projeot, All the field at~~ receive some . 
training in both types o~ atudy but one se!lior counterpart is receiving 
intensive training in soil survey interpretation, and another in soil 
classification and correlation. Each speoialist first obtains erperience 
at various levels o~ field work from aoil mapping to report preparation 
and then intensive training in hia apsciality, Soil Classification is 
based upon the 7th Approximation, Sail Correlation etudias cover all the 
work ~the Division as vell as th&t oomplated ~ Consultingfirms working 
in the country, ether Oovernment Departments and other FAO projects, 

The soil survey interpretations are to be made ~or various purposea. Firat 
interpretations are made ~or important cultivated crops in both irrigated 
and rainland areas, Available crop yielddata are assembled and analysed 
aocording to certain eoil oharacteristics. Resulta o~ this study are then 
used as an aid in determining land suitability classes. Similar procedures 
will be ~ollowed ~or pasture crops, ~orestry and, i~ requested, engineering 
uses o~ soila. 
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A small cartographie section is included to service the field parties vith 
neaded b&se maps 1 to compile field sheets into finished soil maps and to 
p~epara land suit&bility maps, In addition, this unit will p~epare maps 
fo~ publication &nd help vith the ~ep~oduction of ~epo~ts and similar 
mate~als to be dist~ibuted by the Division. 

(d) T~aining is car~ied on th~ughout the ~oject - f~om administration, 
t~ansportation, communications, ~eco~ds, field and labo~ato~ methode and 
prooad~as, interpretation of ~asults and presentation of findinga, This 
is aocomplished b,r axample, personal inst~ction 1 classroom lectures, 
~ecommended ~eading &nd othe~ sxe~cises and a limited numbe~ of fellov­
ships fo~ &tudY a~oad, The goal of the ~oject is to have a sufficient 
numbe~ of vell t~ained pe~ons available to carry on successfully the 
vo~k of the new Division. At ~esent there are 15 University llr&duates 
and 14 Technical staff of the ~oject. 

~~background info~mation it is noted th&t aimost all Sudan's exp~ts are 
agricul~al o~ livestook ~oducts vith cotton aocounting fo~ mo~e than 60% of the 
total. All the Egrptian type cotton acreage and ove~ 9o% of the Americ&n type cotton 
~duced ara vi thin the Savanna. bel t. In addi tien 9o% of the d~a ac~aage, 98~ of 
the millet, 97% of the sesame and 79% of the groundnut ac~aage ara grovn in the 
Savanna. balt, I=igation :l.s ext~emely important in th&t d~& yield for example, 
unde~ rainland cultivation, may be about .374 me~io tons pe~ feddan (as in 1961/62) 
oompared to .638 metrio tons pe~ feddan fo~ irrigated &reas. Cotton (Ame~io&n) yield 
diffe~ences are even mo~e st~iking - .452 met~io tons per feddan unde~ irrigation 
and .119 met~io tons pe~ feddan unde~ ~ainland, 

In summa~ this means th&t the Savanna. a~ea of Sudan p~oduces more than 9o.f. of 
the agricult~al exporte and p~ob&bly more than 75% of the food ~oduots. 

Most of the scheduled soil s~eys ara located vithin the Savanna belt. Thus 
the s~ay Progr&m should b& able to m&ke a contribution to the development of the 
Savanna are& ~ugh -the perlo~ance of its assignment, The ~oject is a till in the 
o~g&nizing and data colleoting st&ge, Soil ~eys have been oompleted fo~ about 
1,300,000 feddans and chemio&l datais just beooming availabla, So far, yield 
data for the Gezi~a areas h&s been oompiled and tentative recommandations have been 
made ~elative to evaluation of Alk&li soils. Little vo~k h&s baan dona as yat in 
evaluation of ~ainl&nd araas. 

It is p~oposad th&t the Soil S~ey Project could furnish assistance to the 
development of the Savanna. a~ea by the follovingr 

(a) Soil etudies to identify and map the various kinds of soil in the assigned 
&reas. The kinds of soils will be classified so th&t they can be correlated 
vith simila~ soils of ether a~eas. Thus ~esearch data and observed cultural 
and management praotioes can be evaluated and applied to similar soils 
~ughout the Sav&nna. 

(b) Collection of Agronomie data relative to cultural p~ctices - ~ of 
cultivation, crop sequence, kinds of c~ops, yielda unde~ various conditions 
and by kinds of soil, na~al vegetation and fertilize~ o~ man~e ueed, 
if any, Such information should prove helpful as b&sic info~ation in 
evaluating the leval of management oommon to the are& &nd as an aid in 
helping to ~eoommend im~ovements in management, 



(a) 

(d) 

(e) 

(t) 

Chemioal and physioal evaluations ù,y kinda ct sail. Beth ohemical and 
~sioal properties of the soils need tc be determined. These determinations 
should inolude m~e holding capaoity, permeability, bulk density, 
compaotion and mechanical analysia as wall as cation exchange capacit7, 
exohangeable bases, pH, eleotrical oonductivity, exchangeable sodium 
percentage, ni trogen, available phosphorus and potash. All of these 
charaoteristios must be evaluated relative tc sail response to management 
or as an aid in evaluation ct the plant environment. 

Estimation ct the erosion hazard b.f various kinda of soils and making 
reoommendations tor control. Other forma ot aoil deterioration should 
also be evaluated- fertility depletion, structure deterioration, losa 
of orge.nic matter during oultivation etc. These evaluations can assist 
in planning management practices. 

Land auitability etudies to determine the kinds of crops beat auited to a 
given soil and tc .prediot the relative yield that might be expected at 
different levela of management. This can ba dona ey oollecting yield data 
and evaluating it by kinds of aoil and kind of management followad in 
obtaining the determined yields. Land suitability classes can then be 
asaigned based upon yield information and taking into consideration 
chemioal, physical and cultural p~acticea. 

Cooperation with ether workera in the same and related fields; Information 
should be treely exchanged relative to sail mapping and classification and 
criteria used in determining Land Suitability Groups. 

Much information is available from toreatry departmenta, pasture management 
specialiste, agronomists, fertility experts, ecologiste etc. All of this 
can be utilized in preparing the beat possible recommandations for use and 
management of the Savanne aoils. 
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AGRICULTURAL TRA.Il'lil'IG ABD DDIONSTRA.TIOJI PROJECT OF BOllO -
DIOULASSO, UPPER VOLTA, IN BELATION TO SAVANNA DE'IELOPIIENT 

R. Apon 
Project Manaser· 

Agricultural Training Centre 
Bobo -·Dioulaeeo0 Upper Volta 

The .Agrioultural Training and Demoutration Centre (Centre .Agrioole Pol;yvalent). 
UNDP- FAO Project, founded in 1963, 1a loc&ted 10 km. from Bobo-Dioulueo in 
the South-lfeetern region of the Upper Vol tao. Republio. J'olloving 1a a briet etatement 
of the aime of the Prcjeot, and of ite progr&lllllle for raiaing the etan4ar4 of farming 
in thie region of Tropioal Savanna. 

DESCRIPTIOJI OF EHVIRommfT ABD RESOURCES 

The are& of the Upper Volta Republio ia 2740000 11:111. 2 , eituated 800 kilo troa 
the se&, beheen 9° 12' Ir and ls<' 30 1 Ir. The oount17 hse three 41stinot olimatio 
eones1 

Sahelian t;ype in the a:treme Borth1 
North-Sud&n tJPe in the oentrea 
South-Sud&n t;ype in the South 

The olimate 18 oharaoterieecl b;r a TB%7 marked altern&tion of eeaeone1 a dr;raHIIOD 
lasting about eight monthe from Ootober to June, vith 4r;r eaaterl;r vinde (!!armattau), 
and a short rain;r seaaon of four to eu months \June to Ootober). 

The &Tarage raintall Taries from 50Qmm. (20 inohea) in the North during 
50 .. 60 da;re, to l 0 3,50mm. (54 inohee) in the South and South-West during 80 - 90 da;ra. 

Rain dietrib11tion 1a irregll].ar and a:treme Tariabilit;r mats from one ;rear 
to another0 and from region to region. 7o% of the raintall oooura during the monthe 
of Jul;r to September, 111 th the manmum in Augllat. 

The oountr;reide oonaiste of hish plaine traTaraecl b;r a tew parmanentl;r flowing 
riTera and a multitude of small, eeaaonal, etreama whioh dr;r up oompletel;r durine 
the dr;r seaeon. 
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The vegetation is typical aavanna, with bushes and thorn scrub in the North, 
and broad-leaved trees in the South, with a dense growth of grasses during the 
rain,y season, 

In 1965 the population of Upper Volta waa estimated at 41816,0001 with 16 poople 
per square Iilometer, The annual rate of inorease is about 2%, The population is 
essentially rural (94%). There are about 510 1000 peaaant familias, Almost 3001000 
people of working age migrate annually to neighbouring countries in search of temporary 
emplo1111ent, 

Soils are typical of savanna zones, being of medium fertility1 sandy in texture, 
poor in minoral colloida and organio matter1 markedly deficient in phosphorus and 
nitrogen1 and subject to rapid losa of moisture, 

The traditional method of shifting cultivation, vith burnt fallow1 is universally 
used1 the fallow period var7ing from 2 to 8 Te&rs in different regions, In areas wi th 
high density and oonetantly inoreasing population, as in the Mossi ragions, shifting 
oultivation is diminishing and fallow duration beooming shorter, causing considerable 
impoverishment of soils. 

The ares of arable land is 9,000,000 hectares (32% of the total area) of whioh 
about 21500 0000 hectares (28%) are cultiva.ted annually, 

Farming activities are ooncentrated into 160 - 170 da.ya during the rainy season, 
from the middle of June to November, On river banks and ma.rshes the cultivation season 
is longer, 

Sorghum and Millet are the two main subsistenoe orops, while Ma.ize is also 
important in certain areas, Rioe is oultivated in muddy land and swamps, Groundnuts 
are mostly used for local consumption, and partly for export, Cotton is mostly grown 
as a cash orop, Following are the total quantities of ~~in crops produced in 1964, 
in tonsa-

Ma.ize 

Sorghum 

126,000 

877,000 

Millet 

Rioe 

371,000 

39,000 

Oroundnuts 

Cotton 

136,000 

14,500 

Only a very small proportion of production is oommeroialised within the country, 
15% of sorghum1 aiaize, millet and rice1 91000 tons of ootton1 and 51000 tons of 
groundnuts were 8%ported in 1964, Agriculture is predominantly subsistential, Yielda 
per hectare in dry farming are generally poor, of the order of 520 Kgm, of sorghuml 
410 Igm. of aillet1 550 Kgm, of maizel 500 Kgm, of groundnuts1 200 Kgm. of ciotton, 

ANIMAL PRODUCTION 

Breeding of oattle and sheep is the most important economie resource of the 
country, 2,ooo,ooo head of cattle and 3,0001000 head of sheep and goats are raised 
annually, and of these about 110,000 head of cattle and 260,000 sheep and goats are 
ezported to neighbourine countries, This ezport ma.kes a very valuable contribution to 
the national exchequer, · 

Breeding of oattle is distinct from crop farming, though small livestock1 such 
as sheep1 goats, pigs1 guinea fowl and poultry, are frequently raised by sedentary 
fa.rmers. 

85% of ezported producte are agricultural, of which two-thirds are livestock, 
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STANDARD OF FARMINO 

An average farmer invests about lOO - llO daye in crop production and hie wife 
about 60 daye. Jiaployment is almoat entirel;r duriJI8 the growing aea~ron. Thro~~.&hout the 
rest of the ;rear there is almoat complete unemployment, whioh makea for an enormous 
losa of human energr. Boil is oultivated b;r traditional oonaervative methode, using 
onl;r hand-tools, h&tohet, hoe, coupe-coupe, etc., Draft animal& are ver;r rarel;r used. 

The ares cultivated b;r a famil;r depends on the aize of the famil;r and variee 
from 2 to 10 hectares, about 0.5 ha. par peraon. The poasibilit;r of increasing the 
oultivation ares is limited b;r two main faotors1 

1. Lov labour efficieno;r, due to old-fashioned farming techniques• 
2. Seaaonal bottleneoka• at the beginning of the rain;r season the available 

time for aoil preparation and for aow1118 ia relativel;r ahort1 and, during 
the growing period vhen heav;r raina dela;,- veeding- and hoeing. 

Handiorafts, gatherill6' of rlld roots and herba, beth edible and for medicinal 
purposea, fishill6' and hunting, are generall;r asaooiated vith farmill6'• The average 
annual inoome of a rural famil;r (incl~ food oonaumed b;r the famil;r) ia eatimated 
at 201000 - 501000 francs, depending on the aize of the family. Aooording to a recent 
aurve;r, the dail;r average intake of calories ia almost auffioient but intake of 
proteine, and espeoiall;r of animal proteine, ia ver;r lov. 

PROBL»! OF BURAL DEVELOPIUNT 

Constant grovth of population ia folloved by demographie modifioationa. Urban 
populations are inoreaaing ateadil;,-1 and the average eduoational etendard 1a graduall;r 
rising. There is general resentment among the ;young people against the anoient modes 
of life. Economie and cultural needa are permanentl;r groving and the State haa to 
provide ever increasing social services. 

Eoonomto expansion and inoreased national production are vital neoeasitiea. 
Agriculture ia, at present, the essentiel reaouroe vhioh, b;r developing even part of 
ita potentialit;r oould oontribute most importantl;r to the social and eoonomio progress 
of the oountr;r. 

STEPS TO BE TAIŒN FOR IMPROVINO AND INCREASINQ AORICULTURAL PROIUCTIO!I 

1. Improving teohnioal methoda of aoil oultivation1 good sail preparation, 
correct sowing• 

2. Using of aeleoted aeeds; 

3o Appl;ring the use of menure and artifioial fertilisera (the total fertilizer 
oonsumption in Upper Volta last ;rear, vas 595 tons, vhioh is an average 
of 0.2 xg. par hectare), 

4. Emplo;ring rational orop rotation! vhioh includes _adequate food production. 

s. Introduoing the uae of draft aniaals, primaril;r o:z:en. 

6. Improving farm tools, and introduoing appropriate nev cnes. 

7. Spreading the praotioa of irrigation, vhere water ia available. 

8. Appl;ring aoil conservation methode. 

9. Carr;ring out pest and dieease control. 



10. Introduoing cattle and poultry to aedentary farms vith the aim of 
developing mixed farming. 

11. Enlarging family ferma. 

12. Produoing grain for feeding livestock. 

13. Improving farm management systems in the tradi tional villages by 
allooating epeoified areaa of land to fermera, 

14. Resettling villages, and establishing nev villages in reolaimed areas. 

The realisation of all these objectives requirea, first, higher standards of 
farming, and second, adequate capital for investment. The olaasioal tool for raising 
the teohnioal standards of fermera ia e:z:tension-aervioe e:z:ample and training. Where 
a:z:tenaion services in Upper Volta are oonoerned, only soma 850 teohnioal agents and 
rural monitors are at present employed by Government, services and by the various 
&id agenoies. It is vitally neoessary to inorease the number of professional staff 
enge.ged at different levela of extension vork• extension offioers, agrioulturista, 
farm leaders, at o., 

In the light of this si tua ti on, and vi th the aim of assis ting the Government 
in promoting farm ;production and raising the living standard of fermera, the Agrioul tural 
Training and Demonstration Centre of Bobo-Dioulasso vas oreated. 

AIMS AND ACTIVITIES OF THE AGRICULTURAL 
TRAINING AND DEMONSTRATION CEXTRE 

The agreement betveen the United Nations Special Fund- F.A.o. and the 
Government of Upper Vol ta for the establishment of an Agricul tural Projeot Training 
and Demonstration Projaot vas signed in February 1962. The Projeot beoame operational 
in April 1963. Training aotivities began in Ootober 1963, and farm aotivitiea in 
January 1964. The Projeot comprises three fields of aotivity vhioh are 11111tually 
interoonneoted Yithin the framevork of rural development1 Training, Demonstration 
and Pre- Ertension multiplication, 

EDUCATION AND TRAINING 

There are four categories of training aotivities in the Projeota 

1. AN AGRICULTURAL COLLEGE1 For the training of rural agents and extension 
offioers, to provide medium leval professional personnel for the various Oovernment 
and bi-lateral aid orge.nisations, researoh stations, eto,, atudents are admitted 
for three-year courses of theoretioal instruction and field vork, vith a fourth 
year of probationsry service out of Collage, at the end of vhioh they attend three 
months of supplementar.r courses, After suooessful final e:z:aminationa students earn 
the title of Agrioultural Teohnioian (Agent Technique). In 19661 enrolment rose 
t~ 78 students, This is the only Agrioultural Instituts in the oountr,r. 

2, ACCELEB.ATED BASIC TRAINING COURSES1 Their purposa.ia to enable aeleoted 
young farmers, vith 5 to 6 yeara of aohooling, to attend practioal and theore~ioal 
courses for a full cropping aeaaon in order to become rural monitors, Traineea devote 
50% of their time to field work, They .are divided into groups of fi va, eaoh group 
being allooated 2.5 hectares, a pair of o:z:en, and tools, Trainees carry out a full 
oropping programme designed for them. Work is dona, on their ovn responeibilit7, under 
the guidsnoe of the Projeot's Specialiste. In 1966, 50 traineee vere admitted, After 
completing the Course they are posted by the Rural Development Sooietiea to undertake 
eztension vork at village level, 
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3. REFRESHER COURSES• Re!resher courses are organised periodically during holid&ya 
when agricultural o!ficers of different extension services attend courses and reoeive 
up to date technical information of improved !arming praotioes. So far, 400 agents 
have participated1 in groups of 20 - 25, for periode varying from two to eight weeks. 

4. PRACTICAL TRAINING OF FARM LEADERSo Praotical trainint:" of young married fermera 
as !arm-leaders is undertaken at the Centre. The training pariod lasts 8 - 9 menthe 
and is oarried out during the entire cropping season. Trainees live in ~ioal 
mud-brick huta. Eaoh couple is allotted a field of two hectares where they oultivate 
different crepe~ They are introduced to orop rotation, use of !ertilizers, tillage 
systems, rational !eeding of live-stock and the use of dra!t animale. These !armera 
reoeive the full proceeds of their crops, a!ter reimbursing the Centre for seed and 
!ertilizers. In exohange for food and housing the trainees undertake two daye work 
per week for the Centre. On returning to their villages, the trainees act as 
agricul tural promotera under the guidance of <the regional agricul tural services. 
40 !arm leaders have been trained during the paat two years. 

' 
A MODEL VILLAGE OF FIF'l'EW PROTOTYPE FAMILY FARMS 

With the sim of !inding suitable means for bringing about improvement in 
!arming methode and in the organisation of the !amily !arm, a small village of 
fifteen familias vas set up .at the Centre. Three prototype !emily !arma are being 
investigated and demonstrated, vith the folloving factors prinoipally in mindo 

1, Size of !arm unit !easible for each prototype. 

2. Use of !ertilizera, rational rotation, better land preparation vith the 
purpose of increaaing yielde. 

3. Suitable proportion of oash crops to subsistance crepe to be cultivated 
in each prototype. 

4. Introduction of improved tillage methode and tools, 

5. Suitable combinationa of livestook breeding and field oropping vith the 
object of developing mixed !arming. 

6. Application of rational employment and distribution of labour in eaoh 
prototype, throughout the different seasons of the year. 

1. Study of investment requirements of each prototype. 

B. Study of returns on investments of cash and labour, 

9. Study of social adaptation to more modern !arm conditions. 

One of the essentiels in the planning of these family !arma vas to determine 
improved patterns applicable to each of the different climatic and ethnie regions, 
for the purpose of groving food and crops, adequate both in quantity and quslity, 
together vith cash crops capable of multiplying the annuel !emily incomes some three 
to four times, i.e. from 20,000 - 30,000 francs to 80,000 - 1001000 francs. 

Requirement of capital investment is being investigated and it seems plausible 
that a minimum of 125,000 francs ($500) is needed for the establishment of a medium­
sized !emily !arm unit comprising of 5 hectares of cleared landJ a mud-brick square 
house oonsisting of two rooms and kitchen, with a corrugated aluminium roofJ a pair 
of oxen1 a heiferJ tillage toolsJ a cart1 a small shed1 a mud-built granary and a 
poultr;y bouse. 
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It is f;o,resaen th&t the devalopment of auch a farm to full produotivi t;r will 
taka thraa to four ;reara1 the first ;raar to ba devotad to oleaning of land, 
construction of housa and farm buildings, and oultivation of a fiel! of two hectares. 
lD the second ;reer the oultivated &rea is inoraased to 3 - 3 1/2 hactares1 draft 
animale, tillage tools1 poultr;r and a heifer ara introduced, 

lD the third ;reer the cultivatad area reaches the final stages of 5 heotaresa 
fruit traes ara planteda h&;r and ailaga are prepared1 and the farm proceeds to 
improved oultivation techniques and a rotation s;rstem. This is the first ;raar that 
highar ;ri alda will be 8%p&cted, n>ring the first. three ;rears prototype fermera ara 
individuall;r guided and supervised, From the fourth ;rear onwards fermera manage their 
!arma indapendentl;r, guidad b;r the,ordinar;r extension service, In the fifth ;rear 
farmers begin pa;ring thair dabts, 

The stud;r of the fiftaan famU;r prototype farms will be oerried on for five 
yaars. Taohnical and economie as vell &B social conclusions dravn from this &%periment 
will serve as guidalinas for the future planning and establishment of advanced farms 
and villages in the development regions. 

· Studenta and trainees at the Projeot are benefi ting by the presence of the 
modal village at the Cantre, enabling them to obsarvamathoda and practices vhioh 
will ba applied by them in thair future service. 

Following h the progr&llllile of a prototype family farm proposad for the South -
Veate:m and Central rasions of Upper Vol1a - progressive stage• 

I, FARM LA.YOUT 

Araa of farmland unit 
Farmstead 
Orohard and Vegetables 
.Annuel Crops 

Variety of oropsa­

Sorghum 
Cotton 
Clroundnu ta 
Legumes and Various 
Forage and Hay 
Fallov 

7o35 Hectares 
0,10 Il 

0,25 n 
7.00 "-

1.00 Hectares 
1.00 n 

1.00 n 

0.50 Il 

1.50 n 

2.00 Il 

Annuel working da;ys of farmer, wifa and ohildran 460 

II, CAPITAL D!VESTMENT IN THE FARM UNIT (IN FRS, C,F,A,) 

Construction matariala for housa and farm buildingsa 
Subsistance allovance for family during first tvo years1 
2 O%en1 
1 Heifer1 
Equipmant and Tillage toolsa 
1 Carta 
Fruit treesa 
15 Hensa 
Miscellaneousa 

TOTAL 

20,500 
25,000 
26,000 
9,000 

21,500 
15,000 

4,500 
4,500 
5,000 

131,000 - $534 
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III. .ANNUAL FARM EXPENSES (INCLUDING REPAYMENT OF DEBTS) 

Seeda 
FerUlizera 
Insecticides and Fungioidea 
Veterinaey medioines 
State Taxes 
Depreciation of Buildings and Equipment 
Interest 
Rep~ent of Capital (over 10 years) l/10 
Misoellaneoua 

TOTAL 

IV. .ANNUAL FARM INCOME IN FRANCS C.F.A. PROGRESSIVE STAGE 

300 
21,150 

4,000 
2,000 
1,500 
9,200 
4,290 

13,100 
1,ooo 

560610 Fra. 

CROP nELD PER TOTAL PRODUC.. I!ETUBNS IN VALUE OF PRO- TOTAL CROSS 
RA. IN JtOS. TION IN JtOS. CASH DUCTS USED BY INCOME 

COTTON 
GROUllllNUTS 
SORCIHUM 
LEatJME .AND V ARIOUS 
FRUIT .AND 
VEGETABLES 

PER HEAD 

CATTLE MEAT 
JIILit 
EGOS (15 BE:lS) 
MEAT 

TOTAL 

l 200 
l 400 
l 600 
l 400 

12 000 

250 
200 
lOO 

2 

l 200 
l 400 
l 600 

700 

3 000 

250 
200 

1 500 
30 

39,600 
22,500 

3,000 

18,000 

10,000 

10,000 

103,000 

FAMILY 

1260 
9 800 
7 500 

6 000 

5 000 
5 000 
3 000 

37,650 

ANNUAL GROSS FARM INCOME ••••••••••••••••• 1401660 Fra. C.F.A. 
" • • EXPENSES ••••••••••••••• 560610 

ANNUAL FAMILY IETT IBCOME •••••••••••••••• 84,050 Fra. C.F.A. 

39,600 
23,760 
9,8oo 

10,500 

24,000 

10,000 
5,000 

15,000 
3,ooo 

140,660 

This farm soheme shovs the possibility of tr1p11ng the nett annual farm income 
of a medium-sized family, oomposed of 5 - 6 persona, in the soil and olimatic 
conditions of the South and South-Western areas of Upper Volta provided thats 

1. The farmer and his fam11y invest 460 work:ing daye on the farm during the . 
yeara 

2. The farmer has available, on lean, about 1300000 to 150 0000 Fra. at 
3% intereGt ror a period of 10 yearsa 
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3, The farmer ia auperviaed and trained individu&lly, at leaat during hia 
first three yeara, by an &ppropriate profeasional aervioea 

4o The farmer is interested, willing, and persevering, 

The aohievements of the fitteen prototype tamily farma eatablished two yeara 
&go are most enoouraging, 

PRE - EXTENSION AND MULTIPLICATION FARMS 

.A. pre-u:tension and m~ tipl1oation tarm Wa.a establ1ahed at the Centre w1 th the 
aim ot reproduction ot aeed.s of the main Upper Vol ta oropsa ootton, peanuts, oorn, 
aorghum, torage planta, fruit nursery stooka, as vell as aeleoted oattle and poultry 
breedao The oentre obt&ins the found&tion stook and aeeda trom researoh and ~eriment&l 
stations, Seleoted aeeda and breeding stook ara primarily intended tor distribution to 
tarmera who have reoeived training at the Centre, 

Another purpose ot this tarm 1• to ezamine, on a larger aoale, the qualities and 
behaviour of nev varietiea and bread atooka obt&ined trcm ~eriment&l small plots 
at various researoh stations, 

6~ !eotarea ot different varieties ot ootton, peanuta, mai••• sorghum and 
todde orops have been oultivated this seaaon, .A. oitrua greve, and a oolleotion ot 
tropioal truit trees oo~rising different v&rieties has been establiahed, .A. vide 
aeleotion ot vega tables, and nursezo;ratooka of. trui t trees, intended tor la ter 
distribution, are grom, The animal husbandry section at the reproduotion tarm 
consista ofa 

1, .A. poul try branoh for the production ot h&toh1ng eggs, w1 th 750 seleoted 
laying and meat-type birds, and a modern inoubetora 

2, .A. seleoted beer oattle hard ot 75 heada 

3, A milk production oattle bread ot 25 heada 

4o 40 dratt oxen, tor the use of the trainees, and for demonstration purposes, 

The utilisation of traotors and modern tillage equipment on the multiplioation 
tarm is deaigned also to investigate the feasibility and the protit&bility of using 
modern maoh1nery under local conditions, 

SUIIXARY 

The tolloving operations have been oarried out sinoe the beginning of the 
Projeotr 

250 hectares of land have been oleaned and oontouredr 
120 hectares ot pasture land have been tenoedr 
7 ,Soc square matera of residential and tarm buildings have been built1 
Irrigation (10 hectares) and drinking vater syetems have been installedr 
A dam has been built for dry season vater storage, and 3 Km, ot vater-main ia 
nov being laid, using a trenohing-plough oonstruoted by vorkers in our 
ovn Workahopsr 
A modal village ot 15 tamily uni ta has been builtr 
A village comprising 20 huta for seasonal training of tarm leaders has been builta 
A pover-house, vith a total capaoity ot 200 XVA, and a general mechanioal workshop 
have been builtr 
A system ot roadvays and field-lanes has been bu1lt, 
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The Projeot is sponsored profesaionally and administratively jointly by the 
F.A.o. and the Upper Volta Oovernment. 

An international team of F.A.o. EEperts in collaboration vith an Upper Volta 
team are managing the Projeot. It is planned that after five years the full 
responsibility will be assumed by the Upper Volta staff. 

The Projeot is equally financed by the United Nations special FUnd and the 
Upper Volta Oovernment, and partially assieted by the State of Israel. 

The various aotivities assooiated vith the training of agrioultural offioers, 
rural monitors and farœ leaders, oombined vith demonetrations of improved farming 
methods1 given daily on the family farms in the madel Tillage, as, also, on the 
multiplication farm, are among the most important features of the Bobo-Dioulasso 
Projeot, dedioated ta the improvement and development of agriculture in Upper Volta. 
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LAISF/SD/66/PM/12 

LAND AND WATER USE SURVEY OF THE KORDOFAN PROVlNCE ( CO!~?LETED PROJEor) 

NOTES ON ITEMS FROM THE RESULTS WHICH OFFER POSSIBILITIES 
FOR APPLICATION TO orHER PARTS OF THE AFRICAN SAVANNA 

INTRODUCTIOli 

M.G. Ionides 
Former Project Manager 

Kordofan Lsnd and Water Survey 
El Obeid, Sudan 

These notea presume that the reader alrea.dT bas a general k:nowledge of what 
the Kordofan region is like, what the Projeot vas about, and ita general resulta, 
The notes are striotlT confined to outstanding items vhioh {a) appear to break new 
ground in terms of technology or methodology, and/or appear to have soma special 
features vhioh could be useful for application in ether regions, 

CATCHMEIIT TANKS 

How the Catchment Tank works 

B&invater is colleoted on an artificiel catchment apron and then runa into 
a covered-in water-tight tank where it is kept in store till it is needed, Sises 
vary from a 1famil;y 1 tank of a few thousand $'allons {five or ten cubic metres or 
more) to a few tens of thousands of gallons (a hundred cubic metres or two, or more) 
which is suitable for a village unit or a stock unit, The total oapaoit;y required 
in a given place ia obtsinod b;y installing a number of units, each of the appropriate 
unit aize. 

Constructional technigues 

1. Certain particular designs and specifications vere developed0 thrcugh the 
Kordofan Project, to suit local conditions. 'l'hase suffice to prcve that the catch­
ment tank solution ia practicable, at acceptable oost, In other regions, the 
"Kordofan types" ma;y easil;y be unsuitable and soma quite dffferent specifications will 
need to be evolved, Even for Kordofan, improvements oan be expeoted and should be 
aought. It is essentiel to realise that any type-design which is to make the 
fUllest possible use of the looal skills and other resourcss, must of neoeasit;y " 
be speoifioallT designed for the purpose, The particular designa and oonstruotional 
techniques which are demonstra ted through the Kordof!Ul Proj ect are offered onl;y aa 
examples to show that the principle can be realised and not as patterns to be 
adopted elsewhere, 
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FUndamental points of Rlùrologioal Design 

2. Ca tch.men t tllllk 
to a fev thouaanda. 
unit a. 

aprons have araas ranging from a few tens of square metres 
Tbtal capacity, as required, ia obtained by multiplication of 

Since the catch.ment aprona are very small, run-off percentages are very 
high becauae the rainwster only runa on the surface for a few seconda before it ia 
in the tank. 

Conaequently, for purposes of hydrological design, the catch.mant apron oan 
be treated virtually as if it vere a rain-gauge, vith an efficiency-ratic applied 
arith.metioally to the rainfall records. 

This meana tbat the variability of yield, probabilitiea of extremea, eto. 
oan be deduoed direotly from the rainfall records, 

In tum, this means that vherever there are sutficiant rainfall records 
for atatiatioal interpolation and extrapolation, the hydrological features of 
catch.ment tanks can be caloulated without further hydrological etudies, i,e, vithout 
delay. The run-off ratio needs to be established by direct trials, but as the 
unit& are amall these trials are easy and cheap. In cases of great urgency, a very 
liberal 'factor of ignorance' can be substituted for direct data, in the initial 
stages of a construction program, until experimental data are available, 

3, .Le regards the question of the oversll adequacy of the rainfall, the 
folloving considerations cover most of the practical applications. Wh.rever 
oatch.ment tanks are needed it ie because people vant to live there. Jlmost alvaya 
they vant to live there in order tc grov orcpa or graze animale, and. they- oan only do 
this if there is enough rain, Jnd vhenever there 1s enough rain for orops and 
pastures there is enough for catch.ment tanks, 

JIETI!ODOLOGY OF LAJID USE PLANNING - A RADICAL ADVANCE 

4• In any region where the prscticability of catchment tanks bas been established1 
it follovs that the land use plannera can have water vherever they- want it, and in 
any quantity they may vish tc specif70 neither more nor lees, This introduces some 
radical advances in the methodology of land use planning. 

5• ~or example, suppose the land use planners vish to make policies and plans 
for developing a certain region vhich has be en delinea ted on the map. Su.ppose 
they- have to make plana for upgrading the existing vater supplies in all the exieting 
agricultural villages, and also make plana for establishing new agricultural settle­
ments all over the 'empty' areas vhere the land is at present unused for lack of 
drinking vater, Since the praoticabilit;r of catohment tanks has been established, 
they can make their plans on the basie of beat land use, aooio-economios and similar 
factors, and vithout having to vorr.r about the vater supply because they knov that 
the catchment tanks oan alvays provide a solution if no ether va;r is preferable. 

6. Whan the land use planners bave specified 'llhere they want vater, and hov much 
they- must have, the vater engineers come on the acene, They make normal aurveya to 
see what sources are available (from 8Urface waters, or groundvaters, or by piping 
from afar) and then they decide vhich is th~est to choose, vith catchment tanks 
aa the certain standby, 
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7. The ca.tchment tank aolutiO!I also makes it possible to estima.te costa in the 
land planning ata.ge, i.e. befora the a.ctua.l loca.litiea have baen chosen and before 
the .wa.ter enginean have dona their aurveya and investiga.tions on the spot. The 
raa.son for thia ia tha.t sinoe (ex bypothesia) the ca.tchment tank solution ha.s been 
esta.blished as baing pra.ctioa.ble, ita costa ca.n be predicted within the ususl limita 
for planning budgeta, and this oost representa the higheat coat for the wa.ter requir~ 
The subsequent surve:ya 8Jld investiga.tions ma.y reveal cheaper 11ources, such aa 
copiruo borehole supplies1 but wha.tever ha.ppena the ca.tchment ta.nks oa.n a.lwa.ya 
provide the necessa.ry aouroea. ln thi11 sense, the oa.tcbment tank ill a. oa.talytio 
agent. Ca.tchment tanks might even be used, on paper~ for planning, without ever 
being built at all, if prefera.ble sources vere revea.led b:y the post-plMning survey. 

The radioa.l - indeed, revolutionar:y- ohBJlge ia tha.t vith the ca.tohment tank, 
land use pla.nning as a whole ca.n precede investiga.tions for wa.ter, Wherea.s the 
present practioe requires that the aearch for water must precede the plMning. 

a. ... subsidia.ry but most import8Jlt consequence a.riees when ca.tchment ta.nks can 
be made chea.pl:y enough to warrant their use for wa.tering herds of liveatock in the 
gra.zing grounds. ln auch ca.ses, the àuppl7 of water can ba adjusted, pracisal;r, to 
the estima.ted ca.rrying oapa.oit:y which a given water-souroe ca.n properly serve. The 
rea son why this oan be dona is as fcllow11. Provided the ca tchment apron ia design ad 
ao tha.t i t will fill the tank on the minimum a:xpacted annual ra.infa.ll, the tank will 
alwa.ya be filled up, axcept of course for the vary exceptional low year which oan 
never be provided for b:y any pra.ctica.l system. Vhen the tank ha.s been filled up, 
it can hold no more. Any additional wa.ter will pond up and eva.porate ver,r soon, 
It followa that apart from the ver,r axoeptional low :year, the Mnua.l amount of 
wa.ter ma.de a.vailable b:y a catchmant tank ac deaigned will be exaotly ita canstru.oti.cn-
&1 oapaoit;r, minus the appropriata allowance for lossea. -

Thia deaign-ba.sia is of course optional. It may often - or usually - be 
preferable to design tank capa.cit:y to fit the avera.ge run-off, ao tha.t the benefit 
of the yea.ra of good ra.infall ia not lest. 

SOIL MOISTURE CONTROL BY MOISTURE TRAP AND MICRO-IRRIGATION 

Tbese items rela.te to one pa.rticular aspect of the pea.sa.nt land use, i.e. the 
production of fresh vegatables and fruits by the individual paasant, for hill o~ 
famil:y consumption, in a amall housahold garden next to his home, vith an araa of a 
feY hundred square metres. The techniques ma.y be capa.ble of vider and bigger 
application, but that ia another ma.tter. 

Soil Moisture Trap 

9. This deviee ga.ve suocessful resulta, w1 th limi ted trials. Further experilllenta 
and development a.re needed, but the aotusl resulta show that the potantialities ara 
substantial. 

The •trap 1 consista of a sheet of pla.stic which ia parfora.ted, laid over 
the plot of soil in the household garden, and covered ovar vith a couple of inohaa 
of sand or fine graval. The ra.infall quickly a.a.turatas the ma.terial above the 
plastic sheet and the ezcess water then flowa, under gra.vity, through the perfora­
tions and into the soil benea.th, Vhen the raiD stops a.nd high evapora.tion begins, 
the superficia.l aoil or sand dries out quickly and then forma a protectiva muloh, 
becauae the rate of oa.pillary flow upwa.rds through the perfora.tion heles cannet kaep 
pa.ce vith the rate of eva.poration from the whole aurfa.ce whioh ia expoaed to the sun 
and air. 

10. Sinoa the membra.ne is buried it is proteoted from the damaging affect of the 
aunlight, 8Jld the wind1 and ether causes of dama.ga. Therafore it oan be very thin 
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indeecl., and consequantl;r very cheapJ far cheaper than a blaolt pcl;rthene aheet laid 
en iohe surface, 

This soil moieture trap can be uaed in several va;ra. First, ii; can help 
vith vegetables during the rain;r season itself, b;r bridging the gap beioveen falla 
of rain, Second, H oan be uaed 1;o charge up the soil mobtura under iohe membrane 
during the maas of the rains, and then grov vegetables into the dey season, 'l'hird, 
a vegetable plot of, aa;r, a couple of hundred. square metres can be kept bara through 
a whole rain;r season, storing the iorapped aoil moisture sc as tc augmenio ioha ne%1 
rain;r seascn's suppl;r, J'ourth, the trap oan be uaed in oonjunction vith deep­
rooting plants auch as trees for fruits, or deep-rooting fodder plants. la this 
case, the aoil illlmediatel;r under the plastic membrane doea not itaelf carey an;r 
planta, but is kept bara eo the trapped water peroolates down tc the lover strata 
vhera iohe planio has the bulk of its roots. 

J.ll the foregoing applications can be augmented b;r having a bara ca1;ohmen1; 
apron adjoining the garden plot, sc that the plot geta ita own direct rainfall, plus 
the run-cff from the adjacent aprcn, 1he vegetable plot is surrounded b;r a little 
earth ridge to keep the va ter ponded, 

Micro-irrigation 

11, The aU%iliaey catchmant apron, used in the wa;r described above, augments 
the suppl;r of vater tc the vegetable plot or fruit trees, but doea not distribute 
it ohronologicall;r. Ilhan it raina, the plants get an extra SUl'PlTo but vhan there 
ia a drought the catchment apron is no help, 

A catchment tank can be interpoaed, however, between the apron and the plot, 
sc that the run-off is atored in the tank and can be used for irrigation, during the 
drought, vhan the plants need it. 

12, Used in this wa;r, a oatchmant tank will be filled and emptied for irrigation 
several times during the rain;r season because ita functicn is tc till in the gaps 
in the rainfall. It can alec be used, hovever, tc sustain deep-rooting plants, 
auch as fruit trees, during the dr;r season, During this seaaon the;r draw on 
the aoil moiature which hss peroolated down tc the lover soil zones during the raina, 
and the addition of a comparativel;r small amount of irrigation wa.ter maltes a difference 
out of proportion tc the quantit;r, 

13. If the oost of irrigation wa.ter from the oatchment tanks ia judged b;r 
standards of coat derived from conventional systems it may appear high. llllt vhst 
matter• is aotuall;r transpired b;r the usetul vegetation, i.e, the orop of vegetables 
or the fruit treea. llhm the oultiva.ted plot ia veey small0 and the value of the 
orop is very high, and the individua.l man can wa.ter each individual plant from a tin 
b;r hand, the affioienc;r is veey high indeed. la faot, vith a fruit tree caretull;r 
va te red. two or three times a veek vi th a petrel tin, the offioieno;r oan easil;r 
approach lOQ%, i,e, nearl7 lOO% of the water given is transpired b;r the tres. 

USE OF UASSIVE SUPPLIES FROM RESERVOIRS 

The Raha.d Leke Project offera the onl;r opportunit;r, in the Projeot Area, for 
massive reservoir suppliea, At the tiret stage of development it oould provide an 
assured quantit;r of 17 million oubio metres per a.nnum. 

14. The proposal is that this water ehould be spread &s widely as possible over 
the region it can command, tc provide drlnking water (primarily) for man and beast, am 
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alao ~o provide soma pockets of Tillage-based irrigation tc produce fresh vegetables 
for purel7 local - or at least regional - consumption, Er ~his method, the ezist­
ing rural eoono~. will be rortified throughout, beoause the 8%isting land use is 
far lesa efficient than it oould be if there vere plantitul drinking water, vell 
apread, vith an improved diet augmented vith freah vegetables and fruits. ID 
oonsequanoe, the vater distributad has an economie benefit whioh ia ou~ of propor­
tion ~o ita amount1 it provides, sc tc spaak, a ke;y or a lever, 

This method, and the prinoiples under!Ting i~ , may have applications else­
where in ~he savanna belt, as an alternative ~o the more uaual polic;y of using the 
water from the new reservoirs for irrigating a concentrated area as near as possible 
tc the dam. 

CONCLUSIONS 

.l. '.the Kordofan Project haa revealad several specifie items Yhich break new 
grolll1d in technolog or methodolog. '!hase are:-

(i) 
(ii) 

(iii) 
(iv) 

Catchment Tank technolog. 
Consequent radical advance in methodologr of planning 
land uae. 
Soil Moisture Trap. 
Jlicro-irrigation b;y Catohment Tank, 

B, '.lhara appear tc be aubstantial possibilities of application of these items 
in the ether parts of the Savanna Bel t in Urica, and probabl;y alaewhere. 

c. '.the following action would serve ~o astabl1sh the extent of auch .ether 
applications, i.a. 

(1) ~ raoonna1esanoe in these o~her regions, followed b;y:-

(1i) ~ program of praotioal trials in those regions whare the 
reoonnaissanoa has given positive resulta. 

COBCLUDilfG REMIBDERS 

Thes a notes are not intended to give a balanced SUIIIIIIar;y of the re sul ta of 
the Kordofan Project in general. The;y are oonoerned aolel7 vith itema which 
appear tc break new gcund taohnologioall;y or methodologicall;r, and whioh offar 
opportunitiea for application elsawhere, in ether parts.of the aavanna bel~. The 
partioular designs for the catohmen~ tanks whioh have been developad through the 
projeot are demonatrated aa proof, in principla, that the oatchmen~ tank aolu~ion 
ia praotioable at acceptable coat. Thera are man;r different methode of building 
oatchment tanks and the sctual ohoice in an;y given case depende upon the aotual 
oircumstanoea. 
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SOILS AND LAND FORMS IN THE SAVANUA EELT OF AFRICA 

Glenn H. Robinson 
Project Manager 

Strengthening of the Soil Survey Division of the 
Ministry of Agriculture, Wad Meda.ni, Sudan 

'nle Se.va.zma :Bel t of Ai'rioa refera to an area roughly between 10° and 18° 
latitude but utanding aouthward into parts of Ethiopia, Somalis., Kenya and 
Tanzania. 'nlia are& ia cha.racterized b;y a relatively dry type of vegetation oonsiat-
ing primarily of grasses wi th soma lov growing treea, R&infa.ll average& between 
200 and 1,ooo mm per year but there ia a relatively long dry period. Climats 
ia proba.bly the most important single factor influenoing the soila and. ve_geta.tion. 

'nle soil parent materiala of the area range from marine deposits, river 
alluvial deposita (from basic, aoid.io and mixed ma.teriala) aeolia.n sand.e and silts, 
colluvial deposits, volca.nio aeh, and resid.uum from seversl kind.a of rock includ.ing 
ba.salt, gneissea, schists, granites, and sand.atone. From these parent ma.teriala 
Ekltiaols (on ths yollnger deposits), Vertisola (on the ola.ypla.ins), Inceptisols, 
Arid.iaole, Alfiaols, Ultiaols and Oxiaols are most extensive, More humid olimatea 

_ in the past seem to have influenoed the formation of seme of the present soila, 

Dnd.er present conditions the most active eoil forming processes are mechanical 
veathering and ohemioal alterations (mostly salinization) vhioh are influencing 
the Vertieola, and Aridiaols, Soil forming alterations of the Ultiaola and Oxisols 
are pro ba bly very slow. 

Plante ooour in patches or are aca.ttered, thua much of the eoil is upoaed 
to the vind and. sun. It is therefore very susceptible to water erosion during the 
:ll&inT aeaaon end wind erosion d.uri.ng the dry periode. Long dry periods are the rule, 
yet planta in the depressions may suffer during the rains from excess water, There­
fore1 aoil management and utilization must cope wi th these as vell as other oondi­
tiOTIB, 

The folloving 1s an attempt to present a general evaluation of the soil 
re sources of the Se. vanna :Bel t and to diseuse soma of the problems of agricul tural 
development and so1l management, Most of the commenta are ba.sed upon observations 
in Sudan and. Tanzania plus a reviev of literature conoerning ether parts cf the 
Sa vanna. 

X:inde of Soils 

It ia usually not possible to ma.ke speoifio agrioultural recommendstions for 
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aoils basad upon the higher categories of classification - for 8%&mple1 Ebtisola cr 
Oxiaola. Rowever, soil in each of these categories or orders have apecifio charac­
teristica whioh affect use and management, Those kinda of ordera of aoils ocouring 
most extensivel;y in the Sava.nna llel t are listad in the introduction, These kinds 
of aoila are the result of the total affect of aoil forming processea acting on the 
parent materiels available at a given place. 

~ ~ of review, the soil forming factors are climats and the vegetation, 
acting on parent materiels as conditioned b7 relief over pericds of time, lt ia 
notad that representatives of at least sevan of the ten Orders of soils as desoribad 
in the 7th Approximation ocour in the area,* These are brietl7 desoribad belowa 

J.. Entisols are primaril7 young or weakl7 developad aoils lacking definite 
horizons ether than an J. horizon. The;y include ver;r recmt alluvium 
or in acme instances quartz sands that have been in place for mallJ" 
thousanda of ;years. Thus the l!btiaola of the Savanna llelt m&7 include 
m&DT of the soila formerl7 olassified as Alluvial aoila, Regoacls, 
Li thosola and Low-Humic Glq aoila. M&lQ'" of the Alluvial soils ocour 
on nearl7 leval alopea of the flood plain or oolluvial depoaita, The7 
are relativel;y limitad in erlent but verr important to agrioultural 
production, The Entiaols formerl7 claased as Regosols and Lithcsols ma7 
be nearl;y leval to ver;r steap, · The;y are used primar1l7 for forest or 
grazingibut the unite oocurring on favourable slopea and having medium 
to fine textures are moderatel7 fertile and productive, 

B, Vertiaola include the cracking clB7a so common in the Oezira area of the 
Sudan and parts of the Pmgani Vallq of Tanzanie·, The;y are oharacteit-­
.ized b7 tine textures - more than 35% cla;y of the expanding lattice 
t;ype (211), These aoils uauall;y have more than 30 milliequivalenta 
exchange oapaoit;r, form vide cracks when dey, have alickeneides and 
gilgai and usuall;y self mulching surfaces, Ths7 m&T form on Alluvial 
materials as vell as residuum on nearb7 leval to steepl;y sloping positions. 
Parent materiala are usuall7 derived from basic rocks auch as basalt and 
limestone, The vegetation ia normall7 grass or herbaceous annuals vith 
aome drought-tolerant vood7 plants. Permeabili t7 is slow to verr 
slow exoept into the cracks but fertili t;y levels are usuall;r high. The 
Vertisola are extensive and vith good management, inoluding irrigation, 
good ;yielda are often obtained. Unirrigeted &reas are largel;y used for 
grazing. 

C, lnceptiaols of the Sav&nna llelt 1nolude those soils developed en 
relativel;y ;young surfaces without extrema weathering. Buoh soils vere 
formerl;y classifiad as Rumic Ole;y, Low-Rumio-Gle;y, Li thoaols, 
Regosola and llrown Forest soils. lnceptisola lack developed textural 
horizons, are often permeable but ma7 have a high water table. The;y 
are limitad in extent and m&T oocur in depressions as vell as in colluvial 
positions or gentl.y rolling uplands. Fertility and vater holding 
capaoi t;y ia dependent upon kind of parent materiel and textura. 

D, J.ridieols 1nclude soila formerl;y olassed as Desert Soils, Red Desert 
Soils, Sierozoms, Reddish-Brown soils and Solonohak. Most of these 
soils are calcareous throughout and have a caloic, g;ypsio or salie 
horizon and conductivit;y greater than 1 millimhos par cm, at acme depth. 
Onl7 a fev examples have been obsarvad in the Sudan but thq m&7 be 

* llaaed upon Soil Kap of J.frioa - Publication No,93 1964 
Commission for Technical Co-operation 1n J.trica. 
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a:;t;ensive in ether oountrles. !!he areas obeerved ooour 011. gentle 
slopes, are permeable, moderatelT fertile an4 moderatelT productive 
when va ter ill available. 

B. Ul tillola are found most a:tensivalT 011. residuum from granitio or gneisaio 
rock•. !!haT inolude soila formerly oalled Red Tellov Podsola and 
11ome Reddiah brown Lateritio aoila. Ultisol11 are ver,r limited in 
etant and coeur primarilT in areas of higher raintall. !!haT are ver,r 
susceptible to erosion, have a relatively lov fertilitT, but respond vell 
to additions of tertilizers an4 animal maaures. 

P. Oxisola are uauallT red in oolour, oocuw old land surfaces, are ver,r 
highly veathered, have lev fertilitT and are uauall7 ver,r permeable. 
~ O%isols contain plinthit and soma have a high vater table. Xost 
Oxisols on the Savauna vere formerlT olassed as Latosols, Oraund Vater 
Laterites or Fsrruginous tropical aoils. !~!ley are used primarily 
tor forest or tree orops. Vithin the SaVBDD& !elt most of the Oxisols 
are relies of an older soil veathering 070le but important areas 
(Latosola) do ooour overlying granitio parent materiala • 

.&gricul tural Development 

!!he developiLant of ah area for agriculture will be influenoed b7 the people, 
their needs, available aoil and vater plus certain ether factors auch as markets, 
aohoola, health and cultural taoilitiea and transportation. !!his discussion, 
hovever, is limited largelT to the ut11izat1011. of the soils. 'lhull the major 
pointa for consideration are• 

1. Choioe of soil. 
2. Xost efficient use of available vater. 
3. llai.ntenance of soil fert111t7 and produotiv11;T. 
4• Choioe of orops and methode of cul t1vati011.. 

lloat of theae pointa &re inte1'-related. 

Often a cultivator bas to utilise the available aoil vith only a limited local 
chcioe. U this ia true then the oultivator om be helped most b7 advioe upon 
meana of improving his aoil, introductian of better adopted varietiea of oropa or nev 
oropa, aud help in inoreasing yielda by better methode of oultivation and/or use of 
fertilisera. lhen a choioe of aoils ia available the oultivator should be assiated 
in ohoosing the beat available land for the orops to be produced. 

Within the Savauna Belt, relief and pbTsiographio position are ver,r important 
for soil utilization. !~!ley determine the land form and thus influence the intensity 
and. 1;Tpe of oultivaUon that oan be applied to a givan field., !!haT also affect tc 
a large extent the vater regime. 

Por rainfed oultivation, preference shoulcl. be givan to the use of those soils 
vhioh have permeable surface and. a high oapaoity for holding available vater. ~oh 
aoils are usually cl.eep, have a medium textured surface, and. medium to moderatelT 
fine ta:tured subsoil. Roots shoulcl. be able to penetrate freel7. !!he asme 
conditions voulcl. be ideal for irrigated areaa. Hovever, fine textured aoila that 
are permeable, either by cracking or natural structure, can be utilized for beth, 
rainfed end irrigation systems. 

Vater oan be enoouraged to anter the soil b7 one or more of the folloving 
methode. !!he method used depencl.s upon the slope, PhT&iographio position and 
nature of rainfall. 
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a. Leval terraoes ca.n be ocnstructed to hold va ter on the soil, thus 
faoilitating maximum penetration. This procedure must be used with 
care to prevent possible damage b;r erosion. If excess water is 
colleoted and breaks over the terrsoe it ~ cause sericus losa of soil. 

b. Vater spreading deviees are especiall;r benefioial in introducing the 
available vater to as much cf the area as possible so tbat it oan more 
uniformall;r penetrate into the soil rather than flow in a channel. This 
is used suœesstull;r in places like the Cash Delta of Sudan. Water is 
taken from the ohannels and spread over a given field. 

c. Water retarding struètures ma;r be used to slow vater in stream channels 
ao that more oan penetrate into the substratum. This procedure is 
oommonl;r used to recharge the groundwater suppl;y so that mora wa.ter is 
ava.ilabla for valla. 

The available water in the soil should be used for those orops having a lev 
vahr requirement relative to production. In addition, oultivation should be in 
suolL a mannar that evaporation is reduoed and veeds oontrolled. 

In general, a field capable of high ;rialds uses the wa.ter more effioientl;r 
than one ospable of onl;r lev 7ields. 'l'hase aoils Whioh are fertile or will respond 
nll tc additions of plant nutJ:oients should be givc priorit;r in vater distribution. 
Por example, most of the Oxisols should be avoided for oultivation if possible, 
beoausa of lov fertili~ and relative lov response to added plant nutrients. 

Again in irrigated areaa one has a vider ohoioe cf poaaibilities. Xore 
effort oan ba e:z;panded on oultivation and on appliostion of fertilizera. Soila 
having high salinit;r or alkalini~ should be avoided. !Jovever, 1t suffioient 
water is available at a given location, reclamation of saline or alkaline soils ma;r 
be possible. It mq be of interest that, in the Gezira, evidence indiostes that 
hohangeable SodiUJI pero en tage of up to 35 is not a seri oua limi ting factor to 
;rields of cotton, dura or groundnuts on the cracking olqa. Further rasearoh 
is needed to determine the limiting factors on these kinds of soils. 

The ohoioe of crops ahould be auch that the maximum needa of the communi~ 
ara beat satisfied - food, fibre, cash orop or export orop. This, of course, must 
be within the feaeibilit;r of ava.ilabla water. Varie~ selection or.plant breeding 
mq help in providing thosa cropa vhioh are most efficient in water utilizaticn. 

Certain kinds of aoile land themsillras to extensive mechanized types of oulti­
vation. The cla;r plains are diffioult tc oultivate b;y band and ;ret gcod ;rields 
can be e%pected. These areas are beat suited to mecha.nized s;rstems espeoiall;r 
if the soils occur in large enough areas tc justift the investment. Medium 
textured soils, aa.nd;r loa.ms to silt loa.ms, can be ha.nd cultiva.ted so that smaller aize 
unite oan be managed. Clq soila, especiall;r the non-cracking ola;rs, must ba 
oultivated within a rather narrcv range of moisture conditions to prevent damage 
to soil structure. 

In conclusion, the soils of the Sa.vanna area should be identified, classified 
and mappadJ the various kinda o:i' soil th en grouped into uni ta of Land Sui tabili t;r 
based upon auch factors as textura, structure, slope, erosion, fertilit;r, depth, 
permeabili~, salini~ and/or alkalini~ and expected response to management. 
Yielda ma.;r be predicted based upon evaluations of available 7ield datlo from experi­
mental plots or farmer records b7 kinds of soils and known inputs of management. 
Xapa showing the areas o:i' euitable soils can then be uaed :for planning development, 
ta.king into consideration the local social conditions, markets, communications etc. 
Considerable data is available in the Sa.va.nna :Bel t but much more data is needed 
in order to ma.ke acourste predictions. 
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CLIMATOLOCJY 

J, Cooheml 
Meteorologiet 

Plant Production and Protection Diviaion 
FAO Headquartera, Rome -

LA ISF/SD/66/2 

Climate, the predominant part of the physioal environment, requires detailed con­
sideration whenever assessments of the natural resources of an area ere made with a 
view tc estimating its agrioultur&l produotivity potenti&ls, Climate m~ simply be 
defined as accumulated weather, There is muoh repetition in the weather. Repetition 
in the weather of d~s following eaoh ether and repetition in the weather ooourring 
at the eame seasone, year after yeer. Climate an&lysis defines these repetitions and 
at the same time serves tc show up and measure significant departures from normal con­
ditions. 

Climatology, in the first place, warka out averages of the relevant meteorological 
elements over verious periode of time for places or for regions with seme uniformity 
of climate, Variations in time can then be estimated, Soma are repeated at a reguler 
rhythmJ the most important being those which coeur during the 24 hours of a d~ and 
during the course of a year. Those periode, which have the same climats, like consecu­
tive years or months at the same time of the year, navertheless show seme differences 
from eaoh ether, The study of the nature and extent of this interannual variability 
1~ an essenti&l part of olimatology without which mere averages would be an oversimplifi­
C-'-'tion, 

Descriptive Climatology etudies the repetition, seasonal change and variability of 
the various meteorological elements, and their surface distribution, It need not, how­
evar, begin wi th a mere reading of thermometers and rain gauges. A more coni:prehensive 
understanding m~ be obtained if an examination of the mecbanisms of the general circu­
lation of the atmosphere is included in the study, This climatology is called dynamio 
or eynoptic, 
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Fig t. Diayr~ of general circulation oDer the equator and troplcs at the solstices. 
lhe cur1.1ed llne representa the horl~on, with the surface of the earth to the left 
and a Dertlcal cross section of tho atmosphere to the rlght. lhe arrows represent 
alr mo1.1ements ln the Dertical, and the broken arrows the 1raàe wlnàs conDerging 
towaràs the equator. lhe letters H represent the centres of anticyclonic cella 
with concentric lsobars surrounàing them. lhe line marAed E is the equator on 
which intertropical conDergence rain can be imagined to fall. lhe hatched area 
ls that of the FAO/l!NESCO/IiMO Sl<r1.1ey. 
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DYNAMIC CLIMATOLOGY OF THE AREA 

The atmospheric circulation features which condition the climate 
belt of the northern hemisphere in Africa will be discussed briefly. 
trated diagrammatically at Fig 1. The air movementa involved have to 
three dimensions 1 two along the surface and one in the vertical. 

of the savanna 
They are illus­
be viewed in 

At some distance north of the Equator there is a zone where the air generally 
moves downwards, becoming relatively hot and dry in consequence, At the surface this 
subsidence corresponds to a zone of relative!y high pressure, It is in this high pres­
sure belt that the great continental deserts are found, There is one such zone on ai­
thar aide of the Equator, Air tends to flow outwards from these high pressure areas 
and, becauae of the rotation of the earth, it moves in a spiral round the anticyclonic 
cella, clockwise in the northern hemisphere. This resulta in easterly winds, the Trade 
winds, found on both aides of the Equator, end converging towards it, Along this con­
vergence, called intertropical, air tends to move upwards. As it ascends it is cooled, 
and it becomes relatively more humid until clouds are formed-and rains falls from them. 
Thus we have, in the northern hemisphere, a wet zone, the intertropical convergence 
parallel with the Equator, and to the north of it, a dry zone, the subtropical anti­
cyclones. The po si ti on of the se tlio zones relative to the ground controle the seasonal 
weather of the savanna belt, They both move northwards in summer, substi tu ting moist 
winds of southerly origin and rain for the dry harmattan winds originating from the nor­
thern anticyclones, 'l'Ile duration of these summer rains, often called the monsoon, 
varies with the geographical position : the further north the place the shorter the 
monsoon. The most northerly displacement end the most abundant rains occur in August. 
There seems to be a time lag of about six weeks between the earth positions of the sun 
at its zenith and the earth position of the intertropical discontinuity, Not only does 
the monsoon bring the water needed for growing rainfed crops but also causes less ex­
trame temperatures and lesa dryness of the air in which most crops fare better, 

AGROCLIMATOLOGY 

Climatology becomes more specialised as the use to be made of it becomes more nar­
rowly defined. Here we are clearly interested in agroclimatology within which again 
there is further specialisation and subdivision, 

In the first place consideration is given to what may be called the atmospheric 
climate, or characteristics revealed by measurements from well exposed thermometer 
screens and other standard instruments such as rain gauges. Later the scale can be 
narrowed down to the climates of the soil and air in close vicinity to the crops, and 
in various locations involving considerations of micro-climatology. 

On a broader scala it is important to assess those factors which limit the growing 
seasons. l·!ainly, the se factors are growth-inhibi ting temperatures and availability of 
water, Even though crops like cotton may have a vegetative zero as high as 15°0, grow­
in,; seasons are unlikely to be limi ted by lm< temperatures in the savenna bel t except 
on high ground. On the other hand, temperatures prohibiting growth or development 
because they are too high may occur in the area, but are far more unlikely during the 
monsoon. High night temperatures m~ be a more commonly occurring adverse factor. 

Availability of water is the paramount limiting factor in the savanna belt, Tc 
assess it we must first consider the characteristics of the rainfall regime. Later 
rainfall will be balanced against maximum possible loss of water by evaporation from 
the plants as well as from the soil. 
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RAINFALL 

No lesa tha.n .30 yeare' .observations should be available to work out rainfall ave­
rages. Wi th periods of lesa tha.n half a mon th average a are upset by the occurrence of 
occasional heavy falls. To absorb them, series longer then 30 years, whioh are rare, 
are needed, and the labour involved in the caloulationa is seldom warrantedo Graphical 
interpolation from the monthly mea.ns is more likely to give reliable resulta. 

Eatimates of the variability of yearly amounts lead to working the probability of 
obtaining given amounts in the future. This prob1em can be approaohed in two w~s : 

EmpiricalLy, the yearly amounts are arr~ed in order of maeni tude and sepa.rated into 
groups (s~ five groups of six values in the case of 30 yesr series), and the inter­
mediate values between the groupa, known as quantiles (quintiles when there are five 
groups), give the amounts likely to be equalled or exceeded 4 1 31 2 and 1 yesr out of 
five, if past records are thus projected straight on to the future. 

Theoretically, the data m~ be looked upon as a sample of an infinitely large series 
which can be fitted to a mathematical function 1 and will then yield probabilities of 
occurrence with as much detail as m~ be required. 

The simp1est and most commonly used funotion is the normal distribution of which 
the psrameters are the mean and the standard deviation. The standard .deviation is a 
measure of the variation and, divided by the m.ean 1 i t yields a coefficient of variabi­
lity which allows comparison between places with different mean rainfall. The mean 
plus and the mean minus one standard deviation include a range of values occurring two 
years out of three. 

In the center of the African Savanna belt and wi th mean annual rainfall between 
500 and 1000 mm the standard deviation is about one fifth of the mean, a coefficient 
of variabili ty of 0.2. Thua, if the mean annual rainfall is 500 mm, between 400 and 
600 mm will probably occur two yesrs out of three. Estimates of the normal distribu­
tion pa.rametera of a 30 yesr sample can also be worked out graphioally with sufficient 
accuracy, thus avoiding lengthy calculation of the standard deviation. The normal dia­
'tribution will fit about 75% of the annual data series, and a disrega.rd of one extrema 
value will increaae this percentage by 10%. The logarithme of the values m~ be fitted 
to a normal distribution when the values themselves cannet, especially when there are 
soma null returna. With auch truncated series, if an electronio computer is available, 
an incomplets gamma function is appropriate and is at the moment employed by the US 
Weather Bureau. It is thought that for periode of lesa than one year, the empirical 
method Of obtaining probabilities is aufficient to meet most needs. 

Intensi ty, or the rate at which rain falls, also requires study. The amount of rain 
falling in 24 hours m~ be looked upon as an intensity. In the central and western 
portions of the savanna belt the average is 14 mm per d~ of rain 1 and seems fairly 
independant of mean annual rainfall. On the other hand the maximum amount likely to 
fall in a d~, s~, once a year 1 is related positively wi th mean annual rainfall. In 
the same area as above, where the rain ie most reguler, 50 mm in a d~ once a yea.r cor­
responds to 500 mm mean annual rainfall and 60 mm corresponds to 800 mm. Intensi ty 
duration analysis deala with even ahorter intervals using data obtained from autographie 
rain gauges. The shorter the interval the higher the maximum intensity. For periode 
of a few minutes rates of more than 100 mm per hour are not uncommon. 

These etudies are on the border lina between agroclimatology and hydrometeorology. 

Spatial variability is another important ch~acteristic of rainfall. On a daily 
basie the amount of rain falling on places only a few kilometres apa.rt mey be qui te 
different. Detailed biological observations at a station should not therefore be com-



-122-

pared with daily falls at a meteorological station nearby. On a geographical saale it 
does not seem that dry or wet yesrs occur simultaneously along the whole of the savanna 
belt. This is of interest from the point of view of the occurrence of widespread 
famine. 

The times of the day at which rain falls varies from station to station in West 
Africa, showing that rain formation is not simply due to diurnal heating, Distance 
from source sreas of disturbance lines has been suggested as a probable cause of this 
disparity, 

EVAPOTRANSPIRATION 

To assess availability of water mere consideration of the rainfall regime is not 
suffioient, As already indicated, rainfall must be balanced against potential evapo­
transpiration, This quantity which mao' be defined as the maximum emount of water which 
oan be evaporated from a surface oovered by close cropped vegetation entirely covering 
it, mao' be estimated directly with the use of special instruments like lysometers or 
evapotranspirometers or deduoed from evaporating pan data. 

At the moment, however, the safest Wao' to obtain reliable resulta, which oan be 
oompsred with similar values from ether parts of the world 1 is to oalculate from meteor­
ologioal data, Penman formula is the most widely used and the most theoretically 
sound, It estimates the nèt energy available to evapora te water 1 and also the evapœutlng. 

· p o _w o r of the air adveoted by the wind, weighing these two values in terme of 
tempera ture , 

However, in a hot and dry climats, auch as that of the savanna belt before the 
rains, the values obtained are high, as rouch as 8 mm a dao', corresponding to much higher 
instantaneous rates in the middle of the dey. This may be looked upon as a demand for 
water from the atmospheric environment which the plant mey not be able to meet 1 and 
whioh, in consequence, will cause temporary vilting1 even if there is plenty of water 
made available to the roots, This is important in terme of irrigation, which may pro­
vide water, but not the milder conditions of air temperature and humidity of the summer 
rains. The excessive heat and dryness of the air may be mitigated to some extent by 
the use of shelter belts, sprinkling etc. 

AVAILABILITY OF WATER PERIODS 

For the comparison of mean evapotrsnepiration estimates with rainfall the most 
oonvenient and reliable values to use are monthly means in view of what has been eaid 
about the unreliabili ty of rainfa.ll av er ages for short er periode, On sn snnual ba.sis 
evapotranspira.tion is about four times more variable than rainfall in West Africa, 
araph~aelly, the monthly hiBtograme may be smoothed into continuoue linas to 
obtlin e1timates to the nearest dey as shawn in Fig 2. 

The most eignificant climatic events in this comparison take place when rainfall. 
begins to exceed and stops exceeding evapotranspiration, These two dates delimit a 
paria' called ~ when water surplus occurs, since all the rein cannet be evaporated. 
An allowance of, sey 1 100 mm, may be made for chsrging and storage in the ground up ta 
field capacity, Another significant pair of climatic events are the moments when rain­
fall is half potential evapotranspiration at the beginning and at the end of the raine. 
These points delimit a period, here called ~' which corresponds qui te well to the 
growing cycle of summer rainfed crops, especially if the amount stored in the ground is 
taken into account. 
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The beginning of the moist eeason agrees well with traditional sowing times,_except 
perhaps with early millet when the hardiness of the seedlings and the low weight 
and consequently relatively low coat of the seeds makes pre-sowing worth the risk in 
the n'orth of the Ares where 'the rains are very short. The period extending from the 
first rains to the beginning of the humid season, here called prepara·tory, varies 
markedly in length in the regions of West Africa, being about 20 d~s in West Senegal 
and more than 50,, well inland, for the same mean ennual rainfall, s~ 600 mm. The two 
intermediate periode, on the other hand, before and after the humid period are, on the 
average, fairly constant in length. The humid period varies from 0 in the north to 150 
d~s or more, depending on where the savanna belt is deemed to end. It was found that 
mean annual rainfall divided by the length of the ·moist period with ground reserve 
yields a constant value of about 5·5 mm. With effective rainfall, the amount estimated 
to be actually available to the crops, is 4 mm average daily value. 

The relative positions of flowering and the humid period are important for maximum 
produotivity. With cereale, the beat time for the terminal inflorescence to bloom is 
shortly bef ore the end of the humid period. Wi th axial flowering, as in cotton and' 
peanute, the useful flowering, which corresponds to the fruite which are gathered, 
ehould for best yield occur during the humid period. On the ether hand, during the 
final ripening of the cereal grains or the opening of the cotton bolls, humid condi.tions 
rad:uoa produotivi ty, mainly bec au se they encourage parasitio action, Staple orops 
like sorghum and groundnuts have a multitude of eootypes adapted to different lengths 
of availability of water periode. In practice it is found that the varieties tradition­
ally grown in a given ares are adapted by their length of cycle and dates of flowering 
to the looal availability of water, Furthermore. sowings are mixed to ward against. 
interannual variability'in the duration of the period. (Example at Fig 3). 

RADIATION 

Soler radiation is the primary input of energy which makee dry matter production 
by plants possible by providing heat and light, Global radiation, which gives a mes­
sure of the light available for photo~nthesis, can be measured fairly accurately with 
simple instruments like bimetallic actinographs or evaporating integrators. At the 
moment the places from which reliable series of such measurements are obtainable are 
:l:'egrettably very few, If sunshine records are available global radiation can be 
assessed. Potentiel photo~nthesis m~ be derived from global radiation, 

Dry matter production is largely condi tioned by the relative value of d~light 
temperatures, night temperatures and global radiation, The ratio of global radiation 
to daily mean temperatures is appreciably lower in the savanna bel t th an in North West 
Europe, ·This might imply that in certain conditions shortage of light as well as high 
night temperature's limi t productivi ty, 

SCOPE Al!D SCALES OF CLU!ATOLOGY 

At the very beginning of the approach to a problem a world wide system of climato­
logy, of the kind used for teaching geography, m~ be useful to experts without any 
previous kno1iledge of the region, However, because of the area involved (they often 
deal with the whole globe) auch ~stems are much too coarse to be of direct help in. 
formulating the agricultural policy of a countrJ of which it is proposed to increase the 
productivity, As the problems are narrowed do•~ and defined the climatology needed 
beoomes more specialised. The factors which matter must be singled out &ld analysed 
in detail, For each problem a new system of classification is necessary, 

Climatic elements distributed over an area are in fact continuous variables. It 
is for the sake of convenience and because of the limitations of the human memory that 
these variables are aubdivided into classes. The class limits, s~ every 200 mm of 
rain, have in themselves no special meri t and different limi ts mey- be needed for_ 
different problems. Fortunately it is now possible to store electronically the observed 

' 
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values of continuous variables without any need to split them into classes, For eaoh 
need, new classes may be necessary and can be drawn from the store t<ithout difficulty, 

The aim of applied agroclimatology is not to force case etudies into the classes 
of a system, distorting the problem, if necessary, in arder ta do sa, but to build 
olimatio working modela approximating as closely as possible the range of conditions 
whioh a particular crop ia likely ta meet in a given locality, and comparing it with 
what is known about the climatic needs and tolerances of the crop, 

Thus, in problem of water availability, a theoretical madel of the average atmos­
pherio climats based on observed averages will first be evolved. Then the variability 
of this modal is investigated. Next in the context of given crepe, and soils, of known 
physical characteristics for storage and retention of water, typical sequences of rain­
fall amounts are postulated 1 and corresponding amounts of water made available to the 
roots deduced, bearing in mind corresponding values of maximum possible evaporation. 

Fin ally i t is realised that the development of plant breeding1 the increased 
availability of fertilisera, climats control, in fact a general rise in the cultivation 
tec.hniques, will increa.singly mitigate the adverse effect of weather on crop produc·tion. 
As ·the-clima.tio needs and tolerances of plants evolve, sa must the applied branches of 
climatolo~ concerned with agrioultural produotivity. 
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Ftg 2, Tbptcal mean rainfall and evapotransptratton regtmes tn west Afr!ca savanna 
belt, R, rainfall; ET, potential evapotranspiration. ihe area above the ET line 
and below the R l!ne representa water surplus. Wtthout ground storage (say, 100 mm) 
tt representa run off, ihe areas below ET and above R represent unter deftctt, ihe 
area bounded by R, ET, R +reserve and ET/2 representa effective ratnfall. ihe 
lengths of avatlabtlity of water periods are tndicated on the dtagrams. 
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Fig 3, Recorded growing cycles of groundnut and average aoailability of water 
pertods tn the DIOURBEL district tn Senegal. Sowing !s carried out after the mean 
date of beginn!ng of the moist period (ET/ 2), Useful flowering occurs enttrely 
durtng the humid period wh!lst matur!ng follows tt. Harvesting is carried out 
around the end of the humid period plus reserve. Biological data were taken from 
~lolme (1948), and the climatological data from the FAO/UNESCO/H~O Agrocl!matology 
SUrvey Report (in preparation). 
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WATER RESOURCES - INVEffi'IGATIONS AND DEVELOPMENT 

A.J. Bakker 
Project Manager 

L&nd. and lfater ResolU'cea Survey in the 
Jebel Marra Area 1 SUdan 

LA ISF/SD/66/3 

The purpoae ot thie meeting ia an exohange ot experience and suggestion• to 
meke our vork more etteotive. 

All ot us here are in eome vay aoquainted vith the Savanna Belt or vith a a~eoitio 
part ot it. Ife all knov that in an area vhere prsotically no rain talle over halt{three~ 
quartera ot the ;rear, and vhere during the reet ot the year the vater aupply ie not 
alvsya dependable, vater ie a key taotor in development. The availability ot land ia 
almoat alvays out ot proportion to the very limitsd vster resouroes. The vster ia 
ganerally the most important limiting factor tor development. The type ot d.evelopment 
is generally determined by the amount ot vster vhioh ia availablel raintall 1 river 
tlov and groundvater. We have to pay very oaretul attention to the investigation and 
development ot these vater resources. 

As a general introduction to the subjeot, I should like to start vith a 
formulation ot problema ot a general character vhioh are common to several Projeota 
represented here. 

Next I will reviev the varicus types ot vater development tor vhioh the basic 
information has to be aupplied. 

I shall also diacuss the elements ot vater reaourcea to be investigated and 
conclude by clraving your attention to a number ot points vhere, acoorcling to me, more 
co-ordinated sotion is needed. 

1. Prcblems ct a general charaoter encountered in teohnical assistance Projects 
concerning vater development in the Savanna Belt. 

Lack ot exiating dat&J 
lack ot timel ve have to produce basic information in a tev yeara tor 
cases vhere the normal standard in Western oountries is at least 15 ;rears 
ot observation&! 
lack ot taohnioal personnel! 
lack ot acceaaibility to the points ot observation! 
dualism in the taakl va have to produce resulta, conclusions ot the 
aurvey and ve have to lesve behind a service vhich will carry on the 
investigations. 
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Thase dittioultiea are given data with whioh we have to live in the beat 
possible way, We have to arrange our Projeot and our program ot work on the basie ot 
suoh given dittioulties. 

(a) The laok ot axieting data makea it all the more neoeaaary to make maximum 
usa ot what is available• this inoludes intormation oolleotad elaewhere 
under aimilar oiroumatanoea. 

(b) The laok ot time urgea ua to work as ettioiently aa poaaiblei. _ For thh we 
have to oonaidar oaretully the relationahip batween purpoaaa,·· that ia the 
tuture development ot water reaouroea and our ayetam and program ot 
investigations, It ia alao neoeasary to raviaw this ralationahip 
periodioally and adjuat our work to it, For the short observation series 
obtained during the aurvey period 1 we have to tind a link with soma exiating 
long observation aeriea trom whioh we can interpret our measurementa and 
alao arrive at an extrapolat!on to what haa to be expaoted during 
exoeptional yeara, In meat oaaea wa only hava aome long seriee ot daily 
raintall recorda, 

(o) Wa hava tc aooapt realiatioally the ahortaga ot qualitiad taobnioal personnel 
and set up a program whioh oan be handled and whioh makea the maximum 
possible uaa ot the availabla man torea inoluding looally reoruited 
personnel whioh haa not yet had a apeoialized training in the tield oonoerned, 
We may re-oonaider the applioability ot observation methode whioh are 
normally uaed in Western oountriea and may tind that aimplitied methode 
would be more etteotive under givan oiroumatanoea. Also the ohoioe ot 
equipment may ba intluenoed by the type ot personnel available, It ia 
uaeleaa to inatall very expansive equipment whioh ia too complioated to ba 
operated attaotivaly i~ the given oiroumatanoaa. 

(d) The laok ot acoeaaibility ot the stations oan ot course ba overoome by road 
oonatruotion but this ia ottan too expansive and takea too muoh time. Heli­
oopter services are an ,-excellent solution but mey be too expansive tor the 
tull Projeot period, A emall airplan,e neada many air atripa and experience 
has taught that operation and maintenance givea many mora problema than ia 
originally toraaaen, Another poaaibility1 already mantionad abova 1 ia to 
tind a simplitied method ot observation and station on the apot looally 
reoruited statt during the rather short rainy aaaaon, 

(a) Dualiam in the taak aometimas oraatea oontroveray, Produoing resulta and 
building a service whioh will carry on later are aometimea dittioult to 
raoonoile, In eaoh Projeot the beat possible equilibrium between the two 
haa to be daoidad upon, It ia alao neoeasary to distinguiah ·olearlybetween 
observations whioh ahould continue it the Ul part ot the Projeot ia oloaed,, 
and special investigations to be oarried out during Projaot operations only, 
One has to be vary sure that a program ot continued observations is balanoed 
by the organization available to carry them out, (A wall known example ot 
tellure ia the tm specialiat who does excellent teobnioal work but crea tes 
a servicé whioh oollapses vith hia departure.) The special investigations 
may serve the present Projeot, but one should "-ake sure that they are not 
lett behind as a dead weight ot routine produoing a continuous stream of 
use lesa data. .. 

2. Development ot water resouroea -- Purpose ot water resouroea investigations, 

The type ot development depends on the availability of water, Briatly1 in ordor 
ot deoreasing ava114bility, we have the tollowing types ot water utilizationl 

- Rain-ted agriculture, forestry or grazingJ 
Perennial 1rr1gat~on, orohards. The extent is determined by the 
aee.aons1 minimumJ · 
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- Bon-perennial irrigation, For instance during the months immediately folloving 
the end of the rainy season when much more water will be available than at the 
end of the dry season1 

- Flood irrigation• Spreading of floods over the agricultural landt 
- Dcmestic water a~plyJ 

Industriel watar utilization and the generation of water power ara special 
cases by whioh the priority is determined by their economie importance. 

Teohnioally we nead for this vater developmenta 

Diversion system for irrigation! 
- Surface storaga of water varying from large reservoirs, in major rivera 

(Bile, Biger), to village or even houeehold aize tank (rordof&n)l 
- Extraction of water from auperfioial aquifera1 if related to Wadi beda this 

may conoern mainly underground storage of surface vater (lover valleya in 
Jebel Marra area)J , · 
Extraction of vater from small and/or deep aquifars mainly for domeatio 
and etock aupplyl 

- Flood apreading for agriculture or grazing aa vell as for the recharge of 
aquifersJ 
Flood protection or flood evacuation (polders and alec oulverta and bridges)! 

- Furthermore,we may have to deal vith desalinization of water, vater power 
(generally a eeoondary product only in semi-arid areas) and very often vith 
ailting of reservoirs, 

On these large scala possible vater development methode the emphaais ie different 
in different parts of the area, It should be possible, through co-ordination of efforts 
and the exohange of information, tc come to a diviaion of tasks over a seriee of Projeots 
for the benefit of all, 

3. Surver of Vater reaources. 

For the design of an observation program and a netvork of observation stations, 
ve have to give oareful consideration to the purpose of the investigations, We cannet 
afford the luxury of taking a hand-book and setting up a general scientifio program 
attempting to obtain the maximum information on all aspects of the hydrological cycle, 
The normal task is to supply the beat possible answers to a given set of questione 
during a period which ia toc short and vith far lees personnel than one· really 
needa. 

Normally a very general knowledge of the vater resourcee ie available beforehand, 
We have to decide "vhat ia it we are looking for", Most important ia to have an idea ofa 

- Quanti~aneeœd- large amounte for irrigation, relatively small amounte 
for stock water1 

- Tbe place vhere the vater ia neededJ 
- Which are the potentially irrigable lands! 
- Beed for storageJ 
-Importance of the quality of the water (ealinity)J 

Importance of sediment transportation (eilting of reservoirs)! 
Importance of flood peak, flood volume and of minimum discharges, 

When during the eurvey information on ether eubjects such as land classification 
and poesible dam sites becomea availablejthe adequaoy of the program of hydrological 
investigations has to be re-considered ànd if necessary adjusted, On the ether hand it 
is also necessary that the hydrologist makes available as soon as possible a preliminary 
appraieal of vater resouroes for the use of ether apecialistsa agriculturista, 
irrigation engineers, aoil aurveyors, etc. 



-129-

The survey of vater reecurces consista of varicua elements, mainly rainfall, 
surface vater, groundvater, evapotranspiration and sediment transport and erosion. 
The vater balance of the Project area as a vhole gives an opportunity tc compare resulta 
or tc fill in gaps in our knovledge. 

Of the rainf'all ve are interested in• 

the total annuel amount during a "normal" yearJ 
the distribution cver the are&J 
the aeaaonal distribution! 
the overall yearly variation (vhat is tc be expected in a dry year, very dry 
year, ato. but alec hov far do present project observations represant a 
normal situation)J 

- rainf'all intensity and its relation to duration, area and probability is 
very important for problems of floods and of erosion. 

Extremely important are the chances of drought and the relationship betveen 
rainfall (or drpught), soils and orop behaviour. 

Bo:v do va come tc a practical defini tien of' drought? 

In a semi arid ares like the Savanna Belt there may be a considerable difference 
beh·een average and medium values. It is suggeated that tc represent the "normal" 
situation, medium values are used rather than &varages (differences are cften from 
5 tc 10 percent). 

For all the elements listed above, va nead the interpretation of the beat possible 
observation series f'or a number of stations and ve normally alec had a considerable 
expansion of the existing netvork. One has tc determine on a number or base etetions 
and operate in addition a large number of aubsidiary stations. 

Rainf'all recordera are needed for studies of rain-f'all intensity but they need 
caref'ul auperviaion and ehould alvaya be acoompanied by a normal rein gauge. 

Totalizers may very uaefully supplement the netvork vlth information on places 
vhioh are diffioult of aocesa or vhere ne raliable observer can be found. They may be 
also used for ohecking ether observations (and observera). 

Equipment shculd be of the typa 
ahould be checked vhenever possible. 
before he leaves the office. 

normally used by the national service. Observera 
Data brought by an observer ahould be checkad 

Surface vatar is more diffioult to meaaure eapecially in vide sandy non-perennial 
rivera vith sudden flooda, as they ooour frequantly all over the Savanna Belt. Seme 
base stations ahould be inatalled vhere acourate measurements (from oable ways?) are 
carried out by vell qualified personnel. 

With the selection of' auch base stations it is diffioult tc find the correct 
equilibrium betveenl 

- auitability of the site in hydrologioal aspectJ 
- the urgency of knovledge about the dischargea at certain pointa (future 

dam sites), 
- the importance of' the site for the hydrological system as a vhole and the 
- access~bility for the personnel. 

Only a very limited number of auch base stations can be installed. In addition, 
one can have a number of secondary stations vhare, for instance, next tc vater leval 
observations, float measurementa are carried out especially during floode. · 

Where f'easible,measuring vairs should be installed or. stable stage-diecharge 
relationshipsmay be artif'icially created. Stations vith special purposes may alsc be 
installed, for instance temporary stations for dry season flows or disoharges from springs, 
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Still, the problem of aoourata measurementa in vide sandy Vadi ia aometimea 
almoat vithout praotioal solution. 

The installation and operation of eample oatohmenta can be very important. The 
diffioultiea of auch measurementa ahould, hovevar, not ba under-eatimatad. More refined 
meaaurementa may alao ba oonaidered in follow-up Projeota, 

Care ahould be taken that oontinuity of observation is maintained and that aotual 
observation data remain available for re-appraiaal aometimea after many yeara. 

Interpretation of the data for design purposeageaerally needs oompariaon 
vith rainfall seriee and vith observation• and reaaaroh oarried out elaevhera. The 
decision on design flooda for apill-vaya and bridgea needa aapeoially a vida and 
expansive margin of aafety. 

Qroundwater reaouroea will ba of varying importance in different Projaota. 

The main toola for theaa investigations are hydro-geologioal reoonnaiaaancej 
observation of grcundvatar levela, geophysioal surveya, exploratory drilling and pump testa. 

Observations of groundvater lavela ahculd ba carriad out aystamatioally and ba 
ocntinued cver long periode fer certain aeleoted key pointa (valla). Under certain 
oiroumatancea, the variation of groundvater atorage in euperfioial aquifera may be 
quantitatively one of the meat important elements in the watar balance. 

An approximation of the groundvater volumes vhioh feed amall perennial atreama 
and springs oan be obtnined from the deoreaae of the diaohargea during the dry aeaaon, 
Por auperfioial aquifera, tha most suitabla vay of extraction of the vatar during 
different etagea of the davelopment prccesa haa tc be given oareful. attention. 

It is very difficult. to maaaure the evapctranapiration under field conditions, 
Meaauremanta of evaporation ara in a simple form (orten Piche ·evaporimatare) routine 
obaarvaticna in olimatclcgioal stations. They ahculd at leaat be aupplementad by sema 
open pan ·observations. 

Por the rest it saams mere effective to maka, vithin the acope of general land 
and vatar reaouroea aurvaya, an approximation of the expeoted evapotranapir&tion from 
obaarvationa of the basic olimatclcgioal factors, by using a ganerally aooeptad formula, 

From the vater balanoa an idaa of the order of magnitude cf avapotranapiration 
under present ciroumstanoes oan alao ba obtained. 

Special investigations oarried out in this field in seme Projeots will genarall7 
be of inte~eet for othara (Kordofan, Jebel Marra, Chad), 

Sediment transport in rivera ia normally meaaured by sampling the ailt in 
IUipanlion. In the Savanna Belt, the bad load transport in Wadis is of very great 
impe tance. A praotioal method of field obsarvationa vhioh oould be applied vithout 
toc much difficulty ia net knovn to me, apart from measuring the actuel ailting up of 
already existing reservoirs. 

Co-ordination efforts and researoh on this subjeot- seema badly neaded, 
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4, Conolueion 

Co-ordination ot ettorta in thia.tield ot vater resourcee 1nveet1gat1ons in the 
Savanna Belt ia needed and ehould be diaoueaed here1 aa an introduction to this 
diaoueaion 1 m~ I auggeat the tolloving pointal 

c~i~ 
(iii~ 
(iv) 

(v) 

(vi) 
(vii) 

Pooling, proceeaing and dissemination ot exiating hydrologioal intormation, 
Study ot dynamio olimatolog7 tor the araa as a vhole, 
Agreement on a system ot interpretation and extrapolation ot ralativel7 
short observation aeriea. 
Agreement on a practioal system ot evaluation ot ohanoea ot drought in 
relation to agriculture. 
Development ot practioal s7steme ot determination ot disoharge and 
sediment transport in Wadis, 
Praotical etudiee ot evapotranspiration. 
Speoialiaation in certain typee at vater development and co-ordination 
ot reault1. 
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GROUNDl!ATER IN THE SAVANNA BELT 

R, Alnbrog~.;i 
Consulting Hydrogeologist 

Land and llater Development Division 

LA.ISF/SD/66/4 

As a good example of an arid and semi-arid zone, the Savanna Belt is one of the 
most typical areas in the world where the fullest use can be made of existing groundwater. 

Any consideration of the development of the groundwater potential of the Savanna 
Bel t should begin wi th an estimate of present and future water consumption 1 toge·ther wi th 
the geographica.l distribution. As usua.l, groundwa.ter use should be a. first priority 
for community water supply, in order to avoid all the diseases inherent in impounding 
·surface wa.ter. 'rhe problem is the development of gr01mdwa.ter and, sani tary engineering 
at village level 1 and. not the qua.ntity of groundwa.ter available 1 calling for 
sophisticated. groundwater surveys and, investigations. As a second priority 1 the 
watering of livestock should present no supply problems. The difficulty here is to 
croate an adequate network of wells according to the traditional cattle tracks and to 
formulate a sound strategy for bringing livestock to the slaughterhouses. Ultimately 1 
small-scale irrigated agriculture from groundwater at village lev•l should provide 
each year the necessary food, which at present depends entirely on climatic fluctuations, 
The demand is alread,y pressing hard on the supply in sorne areas and seems likely to do 
eo in ethers. As gro~~dwater is now used mainly for irrigation, the most important 
thing is to find out the quantity available 1 which necessarily irnplies a groundwater 
survey. 

* 
* 

The Savanna Belt is the African tropical ares defined by the tr~~sitional climate 
between the Saharan climate and the Sudanese climate. In the northern part of the belt, 
the so-called Sahel from the Arabie shore is bordered by the Sahara, from the south of 
!<lauri tania to the Red Se a through Timbuctoo 1 north of Lake Chad and north of Khartoum. 
The southern limit is defined by aline passing through Dakar to Kayes, Sansanding, 
Mopti, Say, south of Lake Chad through the Central Sudan1 including Khartoum. The climate 
of the Savanna, in contrast to the Sahara, is characterized by a stead,y a.nnual rainfall 1 

still very low and occurring in the form of storms. The southern part of the Savanna 
Belt is wetter (between 300 to 500 mm. per annum during the three summer months) than 
the northern part (with less than 300 to 250 ~~. per annum spread over a few daye). The 
northern part is an arid zone, where vegetation is of desert character. The southern 
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part is a semi-arid zone where the vegetation is danser and where seme rainfed agriculture 
ooours (millet and ground nuts) and where there is also a little irrigated agriculture 
(rice and cotton). Moreover 1 the Savanna Belt is the most important stock raising 
area of tropical Africa. 

Geolog;y 

The basement, made of cr.ystalline or Precambrian rocks, ia impervious. Groundwater 
commonly occurs in the weathered zone, very close tc the surface, The Paleozoio is alec 
impervious, with the exception of sorne weathered zone fractures, and seme limestone 
interbedded in the Cambrian (Gonde aquifer) in the Devonian and Carboniferous, Some 
major sedimentary basins with very pervious sediments have· been formed during the 
Mesozoic and the Cenozoic. Most of the main geological series are found to be almost 
identical over wide areas. 

The major aquifers are found in three kinds of formation, two of which are geologie 
series& a related group of rocks formed in a particular period or epoch, One of the 
series is the main geologie feature underlying the Savanna: a sandstone series that 
recent explorations have shown to be of lower Cretaceous age. This sandstone, which in 
many places is interbedded with shale and marl 1 is more than 1 1000 meters thiok and 
resta on Paleozoio or Precambrien rocks that are impervious to water. The French name 
for it is the Continental Intercalaire! the English 1 the Nubian Sandstone. It 
oonstitutes an excellent aquifer, 

Overlying this sandstone seriee is a limestone and marl series of marine origin, 
dating from periode when much of the Savanna was under water, About 1,000 meters thick 1 
it is of upper Cretaceous and lower Eocene age and almost imperious to water. Above it 
lies the second major aquifer formation• a sandstone series of Miocene-Pliocene age. 
This series, also about 1,000 meters thick, is oalled the Continental Terminal and 
representa the second important aquifer of the Savanna. The third class of aquifer is 
represented by sand dunes, riverbeds and ether surface formations dating from the 
Pleistocene and.reaent epochs, 

Water occupies an aquifer under one or the other of two distinctly different 
conditions. If it is overlain by an impermeable stratum1 it is likely to be under 
pressure that will cause the water to rise above the top of the aquifer when the aquifer 
is penetrated by a well. This is the condition desoribed as artesian1 the term is used 
whether or not the water rises high enough to flow at ground leval. A large part of 
Savanna groundwater is under artesian conditions. If the water in an aquifer is not 
confined by an overlying impermeable stratum, it is said to be under water-table conditions. 
Such water is not under pressure and can be extracted only by pumping or by gravitational 
flow through underground canals. 

Groundwater is seldom immobile in an aquifer. Artesian water in partioular is 
likely to move over considerable di~tances from a recharge area. This movement is 
attributable to gravity. In the Savanna1 evaporation is also a powerful mechanism of 
vertical movement: it operates as a huge pump to lower the head of the groundwater, 

Evaporation from surface water can entail a discharge of more than lO,OOC aubie matera 
a day per square kilometer, The effect is smaller1 of course, for water lying below the 
surface. In the Savanna, however, evaporation or evapo-transpiration continues to have 
a significant effect at depths of 20 metres or more. If this subsurface eva~oration 
were only between one thousandth and one ten-thoQsandth of surface evaporation (the 
figure is a matter of speculation for >~ant of sufficient data) it could still represent 
a losa of as much as 3,000 aubie meters a year per square kilometer~ 
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Evaporation, which prcbably accounts for the largest disoharge from the aquifers, 
takes place in vast depressions. Under the more normal climatio conditions of the past, 
this depression would be a lake recharged by beth rainfall and the artesien aquifers. 
Todey the depressions are dry except during periode of rain. 

The structure pattern is determined by soma major faults crossing Afrioa in a north/ 
south or northeast/southwest direction, breaking down the Savanna Belt into different 
basins. Soma large sedimentary basins originate from these faults, in between whioh 
subsidenoe takee place in the Graben zones. The uplift of the faulte is eometimes over 
3,000 meters. The Teotonio fractures took place after the end or the Palezoio and in 
some places eince the Precambrien. Subsidence is still active in some basins, for 
exemple in the Chad basin. The main charaoteristio subsidenoe basins are from the west, 
the Sene gal, Niger and Chad basins. The Chad basin· oovere an are a of 1,100,000 square 
kilometers. . It is one of, the largest olosed basins ~n the world, The structure of the 
basin is somewhat oomplex, A graben, 300km, widé, 4,000 m. deep, stretchee in a south­
west/northeast direction below the actuel Chad lake. ,Artesien conditions are known to 
axiat over an area of more than 300,000 square kilometers in the continental terminal and 
locally in the continental intercalaire, On both aides of the graben a thinner oover of 
Neogene sandstone is also a good aquifer under water table conditions. The main recharge 
areas are in the south from the Chari and Logone rivera and in the southwest in the 
Bornou region. The aotual Chad lake representa a perohed surface water reservoir fed 
by 35,000 million oubio metera per yeàr, without significant recharge from the groundwater 
reservoir. The disch&rfe ares of the artesien aquifere is to the northeast of the Chad 
Lake in the Bodele depression, whioh oan discharge to the atmosphere several aubie meters 
per second. The Chad basin was still olosed in the Pleistocene period, as is ahown by 
the evidence of a huge lake of over 500,000 square kilometera in extent. 

The Ntger basin is subdivided into the basin of Niamey and the basin of Timbuctoo, 
oonnected through the Strait of Gao •. The Timbuctoo basin representa the Upper Niger, 
whioh was orillinally separate from the Lower Niger, The groundwa'ter basin still 
representa the original feature and is mai~ly recharged from the so-called internal delta 
of the Niger river where the Niger floods 50,000 million aubie meters eaoh year over the 
surface, of which only a small part contributes to the aqulfer, The aquifer is in the 
continental terminal, a Neogene sandstone lOO m, thick, Groundwater flows to the north 
and reaches the depression of Taoudeni, where it mixes with water from the continental 
intercalaire aquifer and evaporates. The Niamey basin is a graben lOO km. wide, 
extending from Bourem southeast to Niamey, and a platform dipping slightly from the 
Air Mountain to the graben ·~owards the southwest. The platform is overlain by sandstone 
and limestone ranging from Lower Cretaceous (continental intercalaire) to Neogene 
(continental terminal), the total thickness of which is about 800 m. on the platform.and 
over 2,500 m, in the graben. The various aquifers are artesien to the southwest. The 
natural recharge of the Niamey basin is from the Niger river in the vicinity of Gao, 
from the Hoggar Mountains (Adrar des Iforas and Air) and the Sokoto River. The hydro­
static level is at an elevation of about 500 m, in the vicinity of Agades, where the 
groundwater divide is located between this basin and the Chad basin along the Agades­
Zinder meridian. 

Almoet all the water-bearing formations are sandstone or gravel aluviums in the 
river beds. Limestone is almost inexistent. The soluble salta (alka.line, magnesium 
or calcium) are very rare, and as a consequence groundwater is not highly mineralised, 
in spi te of the heavy evaporation of over 1,800 millimeters per year and of the low 
hydraulic gradient of the aquifers, 
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In the large area of paleozoio and basement rocks, originally impervious, the 
conditions of weathering play a major role in making the" rocks porous. The nature of the 
strata is also of importance. The basic rocks of precarobrian 1 older and richer in 
calcium than the younger voloanio rocks, are better weathered in the same way as the 
granites, calco-alkalines, are more weathered than the acid granites. Climats is also 
a factor. The saroe granite will produce 40 to 50 m. of impervious arena in a we.t 
tropical ares and only a few meters of very pervious arena in the arid zone. For 
instance, the paleozoio shales, assumed to be always impervious, represent in a few places 
of the Savanna Belt a sub-surface aquifer of seme importance! while the paleozoio sand­
stones,assumed to be pervious, are sterile. 

In the Savanna Belt the basic tools with which to approach an inventory of groundwater 
resouroes are etudies of rainfall and of surface run-off 1 as these obey a few simple rules 
owing tc the relative regularity of the annual cycle. The most important factor in the 
field of groundwater is the naturel recharge of the aquifers. As a preliminary assumption, 
evapotranspirati~n deficit in the Savanna Belt is 400 mm. per annum in the barran zones, 
500 tc 600 mm. per annum in the Baobab Savanna. In ether words 1 the naturel recharge of 
the aquifers 1s by direct infiltration of the rain 1 when rainfall is over 400 mm. per annum 
in barran zones or 500 mm. per annum in Savanna zones. More preoisely1 below these 
figures, the naturel recharge ocours only from run-off through recharge of the river beda 
or of the alluvial fans of the piemont areas. In the Savanna Belt 1 surface hydrology 
and run off deficit are the main means of diaoovering the amount of potentiel groundwater 
resouroes available yearly. The suppression of vegetal cover will resul t ü• an increase 
of the recharge from the run-off through the river bed. 

The normal outlet of an aquifer is a spring or a perennial river bad, whioh is very 
rare in the Savanna Belt, Here the most frequent outlet is evaporation or evapo­
transpiration of the aquifer in the lowest part of the groundwater basin, such as 
depressions, fossil and recent river beds 1 marshes etc. 

Any attempt to draw down the hydrostatic level by pumping in the disoharge area 
would eliminata the losses ocourring from evaporation and therefore make available a new 
water resouroe, 

Groundwater development should concentrate finally on the alluvial water tables and 
aquifers easily reached by hand-dug wells or shallow boreholes. Taking into account the 
hydrogeologioal conditions, the location of wells should finally be a matter of strategy and 
planning on a large-ecale basie• Wells will still remain the major problem, as sk1ll 
is required whether for hand-dug wells or drilling techniques. For the last fifteen years, 
private firme were almost the only means, but proved very expensive. The final~olution 
should be to oreate in every country a technical organization with the nectssàir.modern 
equipment and trained personnel to carry out the execution of wells. Som~ problems could 
still arise from the pumping of the wells and from the necessary energy 1 whether by human 1 

animal or mechanical means. However, seme useful experience has been gained in this field. 
>~ 

The time has new come when it is no longer necessary to,devota gjj,eat effort tq 
groundwater surveys and investigations, as the knowledge and experience of groundwater 
gained during the last fifteen years are valuable. The major action should be to 
plan and execute the necessary wells to' supply water for human life and livestock and., 
wherever possible, for village irrigated agriculture, 

> 
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PLANT PRODUCTION AliD PorENTIAL, · INCLUDING RA.IfClE AND PASTURE, 
FOOD, FODDER, FUEL, TRIAL FOREST SYSTEM 

(FORA.ClE RESOURCES OF THE SUDAN' SAVAJINA PorENTIALS AND PROBLmS) 

I, IWTRODUCTIO!f 

V ,0, Shepherd 
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and 

M,M, Ba'asher 
Senior Range ·and Pasture Research Offioer 

Ministr,r of Animal Resouroes 
Republio of the Sudan 

The half million square miles of savanns in the Sudan representa vast forage 
resouroes and ohallerlging problems of exploitation and development, Soma bread aspecta 
of thaas resources and problems are briefly outlined' in this paper, This exemple from 
the Sudan may be usetul for orienting disouesiona of related situations in ether 
oountries and oonsidering opportunities for resouroe development throughout the African 
sav:mna belt, 

Emphaeia on naturally-ooourring grazing rasouroea in this report refleota the 
vievpoint that these warrant first attention in a logioal approach to the development 
of forage potentiels in this area, These naturally-ooouring grazing lands are often 
termed "range" to distinguish them from the sort of improved pasture that ia commonly 
aaaociated vith cultivated agriculture, 

II, SA VANNA .. CRARACTERISTICS Ilf THE SUDA!f 

Definition and extenta 

The term sa vanna haa be sn used by geographers to desoribe ·extensive areas of 
grasaland in the hot tropios, More speoifically, as described ~ Dansereau (1957), 
it is grassland vith scattered trees1 "an intermediate type between;forest and graealand 
in many ways, but so peculiarly different from either that it oan hardly be denied a 
charaoter ot i ta mm". 
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This 1dentified1 woodland ••vanna can be correotly applied tc half o( the Sudan, 
the are& south of latitude 14° north, where annual rainfall ranges between 300 mm and 
1300 mm, Exceptions include amall amounts of montane vegetation and a narrow strip 
along the Congo and Ugands borders where the climax vegetation would be rain forest, 

Earrison and Jackson (1958), following Andrews (1948), recognised two primary 
subdivisicnsa lov rsinfall woodland aavanna and high rainfall vcodland eavanna, the 
separation ooming between 800 mm and 1000 mm of annual rainfall, They classified 
separately the encrmcue flood plain region which ia inundated during the rainy season, 
However, the flood region oan be considered a special area of high rainfall savanna 
aince it is looated vi thin this rainfall zone and it bas the grass cover, dry seascn, 
and prevalent fires that characterize aavanna. 

The area of aavanns relative tc other vegetation regions is approximately as 
follova (Harrison and Jackson, 1958) 1 

Regions (and annual ppt.) 

Desert ( D-75 mm) 
Semi-deaert (75-300 mm) 
Sa vanna a 

Low rainfall (3oo-800 mm) 
Bigh rainfall (80D-1300 mm) 
Flood region (8oo-1000 mm) 

Total Savanns: 
Montane vegetation 

TOTAL 

Oeneral Land use and eign.ificanoe 

Approximate Area 
Thousand ag, mi, ~ of total 

280 
190 

266 
134 

95 
495 

2,5 

29,0 
19,6 

51.1 
0,3 

100,0 

The aavanna is the primary grazing and agricultural areas of Sudan and vital tc 
the livellhood of most of the population, The great majority of Sudan's people are 

·subsistance farmers who charaoteristically ovn a few livestock, Nomadic cr semi­
nomadio people make up about one-third of the Sudan's population and own about 90% of 
the oountr,r'a livestook, 

Little more than 1~ (2-3 million heotaresl of the Sudan's land area is aotually 
oultivated, About half of this (1,3 million ha, is under irri~ticn in riverain 
agrioultural and in large development sohemea, The remainder \2 million ha,) is 
rain-fed oultivation largely on sandy aoils in the savanna belt, 

Shifting agriculture is tha.rule in dr,y farming, vith a long period of fallow 
to allow for "regeneration" of the soil to support a few years of agrioultural oropping, 
The fallow land is grazed along vith aurrounding range, A variation of this system, 
termad the gum-oultivation cycle, is praoticed in soma areas, gum arabie being obtained 
from regenerated Acacia senegal during the fallov period, 

The large irrigation schemas are devoted to cotton the prinoipla export crcp, 
Sorghum and millets are the ataple food crops of rain-fed agriculture in the savanna, 
Other aubeiatenoe orops inolude lubia (Doleohos lablaba), primarily for cattle feed, 
and amaller quantities of groundnuta, water melon, sesame, and miscellaneous pulsas and 
vegeta bles, 

Forestry in the Sudan ia somewhat unusual but an essential form of land use, 
Woody vegetation of foreste and grazing lands ia the only local source of fuel in a 
country lacking coal and oil resources and of undeveloped hydro-eleotric power, 



-138-

aum arabie, from the savanna belt, ie Sudan'a only forest export. It ranks second or 
third among e%porta 1 far below cotton but vell above liveatook (Bep, or Sudan 1966). 
Production or oommeroial timber tor domestio uee is contined to the vioinity or 
navigable rivera, railwaye or main roads, 

Livestook numbere and trends 

Savanna forage supporta the bulk of Sudan'e large and inoreasing liveatook 
populations, estimated as tollowa (Ralbrook and Yuat, 1964)1 

ill! 
Cattle 3.1 
Sheep 4.8 
Ooata 3.4 
Cam ela 1,1 

Estimated livestock populations 
(millions or animale) 

.!22! 

5.3 
6,1 
5.2 
1,2 

.!22! 
10,0 
10,0 
7.0 
2,0 

Although most or the oamela and part of the aheep uee the northern eemi-daaart 
and desert zonee extenaively, many or them migrate to the savanna zone during the lata 
dr,r eaaeon tor water and forage• 

Liveetook numbere have,b,en iqpreasing einoe the beginning of this oountr,r. A 
rapid growth in recent yeare, eapeoially in oattle end aheep numbere, ia attributed to 
a maea immunization oampaign, 

Livestook contributions to export earninga, bowever, are not inoreasing, and are 
diaa~~ointing in view or the lar«e livestook populations. .During the three~ear period, 
1962-19641 total livestock produots averaged only 6 percent of total experts - lesa 
than one-tenth the value or exported cotton and cotton seed (Republio or the Sudan,l966)1 

Commoditz 

Ginned cotton 
Groundnuts 
Sesame 
aum arabie 
Cotton seed 
011 cake 

Li!)ttook Producte 1 

Camille 
Ridee and Skins 
Sheep 
Cattle 

Other exporta 

Total domestic exporta 

2.5 
1,1 

.6 

.3 

tS 1 millions 

40.5 
7.4 
5.6 
5.7 
3.5 
3.2 

73.0 

Percent or Total 

56 
10 
8 
8 
5 
4 

lOO 

Obvioualy there are marketing problems to be solved if livestock and the savanna 
forage resources are to make their potentiel contribution to the export eoonomy ot the 
oountr,r, 
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Climat. 

The eavanna olimate.ia olaaaified as tropical continental olimate vith a vat-
and dr,r trend (Danaereau, 1957), In meat of the Sudan eavanna, therain period ie 
3 to 9 menthe and the dr,v period 9 to 3 menthe, Raina ocme vith the inter-tropical 
front vhioh movea northvard aorosa the eavanna belt during the period Maroh to July, and 
reoedee eouthvard during September to Deoember, Thua, beth the length of the rain 
eeaeon and the total amount or precipitation deoreaae from south to north, Humidit7 
and oloudineaa, of coursa, follov the aama trend, Average annual rainfall ranges from 
300 mm in the north to 1300 mm in the aouth, but.it varies greatl7 from year to year, 
Temperatur~atend to be higbeet in the southern part of the belt during Januar7 through 
llaroh, but•in the Northernmoat part from llaroh through MaTo Temperature extremee and 
differences betveen summer and vinter are most pronounoed at the driest, northern edge 
of the zone, 

The faot that soil oharaoteristioe provide a ueeful and oonvenient criterion tor 
eoological olaeeitioation (Harrison and Jackson, 1958), refleota the marked influence 
of soila on vegetation in the Sudan, Ver7 generally, soila of the savanna;. region are 
eanda in the northeaet, elST in the center and east, and latieols in the eouthveet, 
Varioue "hill eoila" are aasooiated vith limited mountains areae, inoluding the Jebel 
Marra massive, 

Stabllized, soft dune sande, oalled "Qoz", form the northveet portion or the 
zone, Thougb low in mineral nutrienta, the aands abeorb all the rainfall and have 
better moieture relations and better vegetation than claye vhere rainfall ie limited, 
Aooordingly, the aavannah extends rartheat north into the eemi-arid zone on eands, 

The .dark cracking claye of the flat, monotonous clay plaina support relatively 
poor vegetation oonaidering their good mineral statue /Harrison, 1955). These soils 
abaorb little va ter after n·elling cloa.ea the oracks. Above ·6oo mm or rainf'all, 
surface flooding ooours. Most or the eouthern ol&T plain is tn the "flood .region" 
and affeoted by temporary flooding1 a eignif'icant proportiod'ie evamp. 

The northern clay plain has lees flooding and f'or a shorter period, This 
northern plain is providing the bulk or the land f'or extensive irrigation and mechanized 
dr,y-farming developments, 

Non-cracking claye that are impermeable belov the top fev inohes ooour soattered 
in many looalitiee as emooth clay f'late. The alternation of' these f'lats vith slightly 
higher areae of' atabilized dune sand resulte in a vegetation complex vhich Harrison and 
Jaokeon (1958) oalled the "Baggara Repeating Pattern". It is a prized grazing type 
in aouthern Darf'ur vhera the sand zone and clay plaine merge, A comparable alternation 
of' non-cracking clay vith tvo kinda of' cracking clay, one temporarily f'looded, produces 
another eoological complex oalled "Raqaba Repeating Pattern" (Harrison and Jackson 1958), 

Laterite oatena eoila, moetly red loame, are conf'ined to the Ironetone Plateau 
of Southveatern Sudan. Thera rainf'all exceeds 800 mm and the vegetation ia high 
rainf'all voodland savannah, 

General vegetation. charaoterietioe. 

The vide range or rainfall and soils enoompaseed by the Sudan savannah resulte 
in an equally vide range of' eoologioal situations and numerous plant communities, In 
line vith the south-north gradient of' deoreasing rainf'all, vegetation belts tend to 
be oriented east-west, although they are markedly af'f'eoted by soil conditions, The 
vegetation as a vhole is not vell understood, althougb it ia being etudied intensively 
in the Kordofan and Jebel Marra projects. Relatively little ie yet known speoif'ically 
about forage values and other pertinent charaoteristioe of' most savannah speoies. 
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A eurvey by Harrison (1955) ia the main present source of information on netural 
vegetation of the Suden as a whole from the viewpoint of forage rasouroas. 

Although vegetation is most meeningfully discusssed in reference to ecological 
unite, a few general features of the savannah vegetation might be mentioned that relate 
to forees velue or menagement. 

One striking faatura is the cosmopolitan distribution of the genus Acacia, vhich 
is repreaentad by a number of different epecies in the different climetic situations 
throuehout the savannah belt, 

Non-thorny trees, however, beoome dominant in the highar rainfall zones, In 
varying degrees all savann& vegetation exhibits adaptation or tolerance to drought 
and fire, Tolerance of fire is beat developed in herbacaous plants, which probably 
accounts for their prominence in the savanna: flora, Annual grasses and herba are 
unueually prominent relative to perennials in many situations, Besidea special 
adaptation to fire, annuels can vithstand heav,r grazing beat and they invade disturbed 
sites moet agereeaively, · 

The grovth period in the savannah ooincides vith the rain aeason, most herbaceous 
species maturing and going dormant as soil moisture disappaars in the dry aeaeon, Thus, 
only mature, dry herbage is available for several montha. Annuels tend to mature first, 
often vell befora the end of the rain season, In parannials, the grovth period usually 
is longer, making fuller u~e of availabla moisture and extanding the "green forage " 
period, Woody plants tend to have the longest grovth period and often comprise the 
only visible ~ness on the landscape lats in the dry season, 

Although the herbage is most nutritious during the groving seaaon, much of it 
remains palatable and usable when dry, Quality, hovever, varias greatly between 
speoies and between locelities, or eoological situations, 

.III, PRESENT AND POTENTIAL PRODUCTIVITY 

The best avaiLable measura of productivity of grazing lands in the Sudan is the 
liveatook that are supJ•ortad, An estimatad 29 million total livastook (excluding 
horses and donkays) amounts to 16,7000 000 animal unite, aach equivalent to a mature 
oattla, five sheep or goata, or 0,6 cemal, Of the year-long support of this total, 
three-fourths (the equivalent of 12.5 million) nov comes from the various divisions of 
the savanna belt (Table I,) This is only half the estimated number the aavanna' is 
believed capable of supporting, Major limitations and practical approaches visualized 
for achieving the potentiels are outlined in Table 2, Thesa are made from the vievpoint 
that natural range will continue to be the major forage resource for the foreseeable 
future, although cultivated forages and feedstuffs also are neoessary for effective 
exploitation of the naturel forage in many situations, 

Nomadism and range utilization 

The nomadic seasonal migration of livestock that charaoterizes range utilization 
in the Sudan has both desirable and undesirable features, Basically, it is an affective 
adaptation of livestock management to important cheracteristics of the natural 
environment• 1) both reguler and erratic variation in forage asscciated vith climate1 
2) seasonal and variable supplies of drinking water; 3) seasonal availability of major 
forage resources otherwise avoided because of flooding, soft soils, insect harassment 
and undesirable living conditions, 

The features of mobility and group action developed in Nomadism can have practical 
application in improved range management. But the extant and distance of traval will 
need to be greatly reduoed in many cases in the interest of both livestock welfare and 
praotical management, 
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The viewpoint ie adopted here that the most compelling former reasons for migration can 
be overcome with modern technology in insect control, water development and forage 
management! and hurnans can adapt to environments that are somewhat lese desirable than 
may be preferred, Accordingly, the estimates and proposais outlined in Tables 1 and 2 
vieualize only reetricted eeaeonal movement of liveetock within zones or between 
adjacent zonee, 

Regional distribution of range use 

Substantiel redistribution of grazing use is essentiel to effective exploitation 
of forage potentiels in the Sudan, Although the total grazing capacity is eetimated 
at about twice the present livestook numbers (Table 1) (Halbrook and Yuet, 1964), 
severe overgrazing is commonly observed - especially in the driest savannah zones and 
the adjacent semi-deaert region, A relatively narrow belt running through El Faaher, 
El Obeid and Kasaala now receives migrant liveetock populations from both north and 
south and in beth the dry and the rain seasons: oamels, eheep and goate come from the 
north fer water during the late dry seaeon1 cattle Nomade come from the south to 
escape biting flies and mud during the rains, The resulte are overstocking, range 
deterioration, competition for forage, hungry animale, excessive exertion in travel 
between water and forage, and great economie losa in terme of animal productivity. 
Nearly two million animal unite (cattle equivalents) will need to be diverted eleewhere 
to approach the estimated proper capacity of the eavanna· portion of this belt of 
livestock èoncentration, 

The surplus capacity is in the high rainfall savanna and the WP.ttest portion of 
low rainfall savanna - particularly the clay areas. Although tsetse fly and 
trypanosomiasis inhibit use of much of the high rainfall deciduoue woodland savannah 
at present, there appear to be good poasibilities for overcoming this deterrent through 
prophylactics and drugs and fly control, 

In ether areas, the reasons for present neglect of great forage potentiels eeeme 
largely related to established cuetoms based on environmental preferences of the 
livestock owners, l•!ajor nomadic tribes, auch ae the Baggara, tend to avoid highly 
productive port~na of the savanna. belt during the rain season1 reportedly because of 
intolerable mud and biting flies, Yet, other tribes use the flood region yearlong, 
at a high intensity of stocking, with only local migration as water levels riee and fall, 
The flood region example suggests opportunities for better utilizing wasted potentiels 
in ether savanna zones, This could be faoilitated by harvesting forage for periode 
when grazing is restrioted by water, by measures for reducing impacte of bi ting fliee, 
and by feeding minerale where necessary, 

Looal grazing distribution and water development 

Local distribution of grazing within regions also presents acute problems -
partioularly in the low rainfall savannah and adjacent semi-desert zone, Invariably, 
grazing values are destroyed where livestock concentrate continuously, Deterioration 
tends to grade away from permanent water, roadways and migration trails - grading 
from denudation at the concentration centres to relatively unutilized range at the 
perime ter. __ 

Drinking water is the obvious key to local grazing distribution -- and also to 
grazing management, Attempting to make more range available and to relieve heavy 
concentration of livestock and overgrazing, the Sudan Government has spent large sums 
on water development, From 1957 to 1964, for example, the number of artificial water 
sites was more than quadrupled by constructing nearly a thoueand water yards, reservoirs, 
and dams (Holdbrook and Yust, 1965). This is reported to have made 74,000 square miles 
of additional range available to cattle, 

Unfortunately, however, improved management has received lees attention, With 
little control or management of grazing use, the range is deteriorating around the new 
water points. Thus, the malady of range depletion is being spread by the treatment 
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intended to cure it. Meanvhile, demande for additional vatar development continue to 
inorease vith the steady buildup of livestock numbers and the continuing decline in 
oarr,ying oapaoity of deteriorating range, To stop this vioioue cycle and avoid its 
predictable consequences, water development obviouely must be aocompanied by appropriate 
management to maintain range produotivity, Thie fact is nov being reoognized in the 
Sudan, 

Beoauee vater is ao effective for oontrolling livestock distribution it ia the 
moet efficient management tool available for obtaining rotational grazing, Thus, the 
need for additional w.ater development will grov as management is intensified, Emphasis 
will be on maximum distribution! vith quantity limited to actuel needs during the 
desired period of use, Closure of vater points is as important to range management 
aa is development of vater, 

Fire consumee far more forage than livestook utilize in the Sudan, and it is the 
usual cause of forage shortage in the aavanna region, In an average year, an estimated 
80 percent of the savanna· medium and high rainfall zones are burned, and lO to 60 
percent of the lev rainfall zone (Baaeher 1961), Although fire is a valuab1e management 
tool for improving forage quality and for ecologioal manipulation of the vegetation, 
promisououe and "aooidental" burning is inoompatable vith purpoeeful management and 
effective utilization of range reeouroes, 

A pilot eoheme, etarted in 1954 in southern Darfur Province, has demonstrated the 
poaaibilities for inoreasing grazing oapacity, extending dry season grazing, reduoing 
migration travel, and improving liveetock produotivity by controlling fires and aaving 
valuable forage that usua11y is burned (Baasher 1961), Preventing or oontrolling fire 
1e olearly one of the most difffioult problems facing improved mana.gement of savann& 
grazing lande, At the aame time, learning hov to use fire mostly effeotively and 
benefioially presents a challenge to rangé mangement and research, 

Orazins man&gement 

Improved systeme of grazing management are needed in the Sudan not only tc 
provide adequate quantities of forage for the livestock throughout the year, but also 
to improve or maintain the quality of forage produced, The need for management is 
really appreciated vhere laok of forage is refleoted by hungry animale, Lees obvious, 
hovever, is deterioration in forage quality that frequently ooours through graduel 
replacement of the most palatable and nutritioue species by lees valuable plants, 
Some of the most desirable forage epeoiee have already dieappeared from extensive areas 
of the semi-deeert and adjacent portions of the low rainfall e&vanna .. (Harrison, 1955), 
That this deterioration process is in progress elsewhere -- undoubtedly accentuated by 
fire -- is indicatedby a soarcity of desirable pernnials euch as Andropogon gaxanus 
in soma areas vhere they are eoologically adapted, 

Fortunately, rance deterioration from grazing is not yet serious in the savannah 
belt as a vhole1 probably because relatively little of it has yet been ueed during the 
growing season, As use is inteneified and extended toward the potentiels, however, 
appropriate management praotices will nead to be devised that will provide high quality 
forage and also maintain yield by satisfying growth requirements of the beat plants. 

At present, grazing systems are needed for 
in the heavily ueed l'ow rainfall sa vanna: areas 1 
effectively vith forestry and agriculture, 

atopping and reversing deterioration 
aleo for integrating range grazing 

A rotational grazing approach appeare most promieing sinoe uniform distribution 
and control of utilization intensity are·not feasible, Praotical and effective 
management systems will neéd to tolerate the heavy use that is unavoidable near vater 
and other concentration areas, Plànt .vigor and productivity of perennials will nead 
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to be maintained through periode of reet from grazing, The beat preotioee will most 
nearly satisfy the requiremente of both the liveatock and vegetation, Although 
considerable atudy and experience will be neceeear,y to define optimum management for 
the various ecological situations, substantial improvement ought tc be easy to achieve, 
Praotioally any change from continuous grazing and repeated burning will be an improvement, 

Intensive development vith improved forages 

~perienoe indioatee that improved,forage epeoies can be established wherever orop 
agriculture ia feaeible, In general, this cincludea the éntire savannah region, 
Theoretical potentiala for producing forage and fodder, even vith preeently knovn planta 
and procedures, vould be fantastioally large on a regional basie! but probably meaning­
leae c from a praotioal viewpoint, Economie considerations auggeat that lese expansive 
methode of eoological manipulation offer a more praotical approach for aatisfying 
forage demanda on the vast areas of natural grezing lande in the Sudan for many years, 
However1 there are important exceptions tc this generalization in local situations, 

Integration of forage and liveatook production into the large ecale agricultural 
eohemee of the Sudan ia reoeiving considerable attention, Tc faoilitate this integration, 
conversion of adjacent natural range tc improved pasture vould provide additional 
carr,ying oapaoity•needed during periode when grazing ia difficult to aooommodate in the 
irrigated oropping achemea, Additional capaoity also may be needed to replace the 
naturel grazing usurped by the agrioul tural aohemea, 

At present the meat widespread situation where establishment of improved pasture 
and forage appears olearly justified is around large villages tc meet the neede of 
local liveatook, Nearby grazing lands ueually are ao detsriorated that naturel 
:lmprovementia 8low undervillage mana&ement elene, This ld.tuation:la prevalomt in the northern 
part of the lev rainfall savannah and more ao in the adjacent semi--dessrt zone, 
Preeumably it oould be alleviated through establishment ot permanent pasture or 
incorporation of more forage into the prevailing system of ehifting agriculture -­
logioally in place of the natural fallow (Skerman1 1966), A number of epeoiee appear 
adapted tor thie purpoae• the legumes, Clitoria ternates (kordofan pea), Phaseol~ 
trilobue (Philipaarac), Ca anu indioa (Pigeon pea), Crotolaria junoea (sunn hemp~ 
ViS!!&~· (&nnual oowpeas 1 and Stholobium durin~ianum (velvet bean•) 1 .and the gra .... 
Andropog&n s&ran;y (hirta grass), Cenohrue eetigerui (toJtail), and Panicum antidotale 
(blue panic sraa• • " - • 

' ·.-: . 
Improvement ot natural range by the introduotio~of deairable forage apeoiee al•o 

•••m• juatified in !pacial oaaes, Thil approaoh ie reocmmended (Table 2·) in thfaê 
zone• where palatable p~enniala are .needad tc improve forage qualit7 durihg the dr,y 
aaa1on, Suoh range aaading wculd be of an extensive, law-coat nature in whioh the 
introduoed 1peoiea would be maintained and inoreaeed throueh eoologioal ~anipulltion vith 
oontrolled grasing and burning, The precise methcdolog,y for 1avanna oondi tion1c ha1 
yat to ba worked out, ' 

Integration of grazing vith 6Uffi prodHotion and tore1tty 

In a apeoial variation Ôt ~he •T•tem of •hitting agriculture, gum 
arabie ia obtainedctrom regenaratad during the tallow ~eriod, Thi• 
providel an additional ca1h orop of , The turther inoluaion of imprcved 
Ç,&&ing into the 17stem ha• bun propoee'd 1966), Thb would ap~ear to hava'• 
praotical application 1inoe gum production ie conoentrated in the tow rainfall aavannah 
wliere forage improvament 1e needed naar villaga•, Oburntiona eugge1t that impr'oved 
forage planta and judioioua grazing would net inhibit gum production, 

!roader aepect.ot integrating grazing with foreatr,y alec wàrrant consideration in 
the savannah balt, Antagonism toward grazing among foreatezwin' general~ •• develPped 
from repeated examplea of grazing damage to forest. in many oount:N.ea, Bowever1 l!n mo•t 
cana the damaging grazing waa exousive and UM,anaged, Damage oan 'ba avo~ded vith 
adequate control of grazing inteneitYI •eaeon of use, and kind of livestook, ' • 
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This has been demonst~ated in other countries including the United States, In faot, 
grazing the herbaceous vegetation can benefit forestr,y under soma oircumstances by 
reduoing fire hazarde and also favouring establishment and grovth of trees by reducing 
grass competition, Logic suggests that integration of grazing and foreatry is 
necessary to fully utilize savanna: resources, and that a multiple-use approaoh to 
management could benefit both forest and livestock interests, 

IV. SUMMARY 

1, Naturel forage on the one-half million square miles of savanna. rangeland half 
of the country's total area comprises the main forage resources of the Sudan, This 
forage supporte roughly three-fourths of Sudan'e livestock 1 estimated as follovs (in 
millions)• oattle, 101 sheep,lOJ goats, 71 oamels, 2, This amounts to 16,7 million 
animal unite equivalent to mature· cattle1 of whioh 12,5 million are supported by 
savanna rangelande. 

2, The potentiel capacity of the savanna 
double the present stocking, However, most 
at present, Diffioult problems and eerious 
the potentiels, 

is estimated at 25 million animal unite -
livestock suffers from forage shortages 
limitations must be overcome in attaining 

3, Major problems and limitations include• exoess stooking and deterioration in 
some zones, and little use in others1 destructive fires1 shortage of drinking vater1 
and biting flies, mud and unfavourable living conditions during the rain season -
the period of grovth and highest forage values, 

4, Proposed approaches for developing and exploiting the forage potentiels include1 
redistribution of grazing use among savanna zones and development of yearlong 
maintenance within zonal regions without limited seasonal migration! fire control! 
vater development in oombination vith effective grazing management! range seeding vhere 
needed to improve forage quality1 oc-ordination and integration of range grazing vith 
commercial and subsietence agriculture, and wi th forestr,y and wildlife management, 
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'l'ABLE 2 PRESDI'J' l'œiGB .lliD 1BB CJWIAC'I'DISTICS, LIIII'l'ATICIIS AliD PROBLDIS, AIID PRACTICAL APPROACHES 
'1'0 A'l"l'ADW&I OP CIUZDO PO'l'l!ll'i'L\L~ IJ' IIA.JOR ECOLOOICAL AREAS, 

Rain~all 1 'l)pe o~ PradoaiDant l'onpJ <-.) 1 Palatabilit;rJ ProdDDthit;r 
1 

I. Lov ra~all Sa'VBJIDIIh oa Clq 

• 
1 Seaaon Used 
1 Ki!ld o~ S toak 
1 

1 

oLiai taUons 1 
1 Probleas 

• 

1 

oPraotical Approaches Toward 
1 Potentials, 
1 

a, (1) Acacia -nuera thornlaDd on orsak1ng olq (northern olq plain) 

4()()-570 

4()()-500 

57o-800 

oShort annuel grasses 1 good pala ta­
obilit;r at all etageai ;rielda lo•J 
••inor contribution ~ brovae. 
1 

1 

oRain period and 
o;rearlong1 all 
oliftstoak 
1 

• 

tO....rstoaked J 
oaoderate 
odeterioration, 
1 

• 

oControl Aoaoia mellifera where denseJ 
oreduoe stockingJ iaprove grazing 
aaanageaent1 prevaut fireJ integrate 
o~araing (irrigated and dry)with range 
tgrazing, 

a. (2) Acacia -lli~era thornlaDd on aoila ~oraed in situ (VBste:m Da~) 

IShort armual gl'Ba898J ~air palata­
obilit;rJ ""17 low ;rialdaJ aoderate 
ooontribution ~ broVBa. 

oRain period and 
o;rearlongJ all 
oliftatoak. 

b, Acacia ee;ral-Balanites thorn savannah, 

aTall anmaal 8Dd pereDD.ial grasses 1 
ohigh ;rieldingJ pàlatabili t;r o~ 
aanmwla beoo.- lov af"ter -1UriVt 
:perennials -u;r Wlpalatable, 

• 
1 

tEarl;y dry 
•s-aoul cattle, 
1aheep. 

• • • 

:Eltcess stoak­
lingldeterio­
arated. 

oFire and lack 
10~ waterJ~lies 

tand wet 
• co!ldi ti ons in 
srain eaa.son • 

• 
c, Anogeissua-coabretUII hartaannianua voodland savannah 

oTall &IUlU&l and perennial grasses 1 
ohigh ;rieldingJ palatabili t;r varied, 
aaost anmaala not gra&ecl vhen dr7 in 
opresenoe of -tl;r green and 
opalatable perenniala 

oEarl;r or lata 
•dry aeaaon1 
acattla. 
• 
1 

aFire and lack 
oof vater1f'liea 
:and vat co!ldi­
: tiens in rein 
aeeason. 

tReduce aniaal DUIIbsra 1 improve 
agrazing aanageaentlprevent f'ire, 

• 

oliork: toward ;rearlong use 1 va ter 
tdevelopœent vith f'ire control1early 
agrazing or harvesting of' annual 
tforage during groving seasonlseeding 
thigh quality perennials1 integration 
ovi th f'al'llling, 

1As above (b) in regard to vater, 
1 and f'orage utiliza ti on 1 increase 
oaoreage of' present perennials by 
••anagement and seeding1 overcome 
shazards. 

fi re, 

fly 



TABLE 2 Cont'd 

• Rainfall • T,ype of Predominant Forage 
(mms,) • PalatabilityJ Productivity 

2 : Lov Reinfall Savanna, on Sanda 

30D-450 

a. Acacia senegal thorn savanna 

:Short annual grasses and herbs1 
:generally low yieldingJ highly 
:palatable1 eepeoially herbai 
:moderate contribution from broves 

Season Used 1 
• Kind of Stock 

:YeerlongJ all 
alivestock (mig­
:ration from adj­
sacent zones). 

• 
t 

b, Combretum-Dalbergia-Albizzia vo'odland savanna. 

45<H>OO tShort annual graeeae and herba 
tmoderate yieldingJ highly palat­
:able1 eepeoially herbs1 perennial 
:grasses, when present, unpalat­
:ableJ moderate contribution from 
1brovse. 

:Yearlong in north 
:sou the rn part 
:vaoated after 
:early raineJ all 
:livestock(camels 
:miner in south) 

• Limitations 1 
ProbleiiS 

t Ove re tooking 1 
:oonfliot vith 
tgum and cul­
t ti vation1 
tmoderate tira 
tinoidence, 

• 
1 Praotical Approachea Toward 

Potentiels 

tDavelop polioies to reduoe friction 
:between grazing and ether land usesJ 
treduce stockingJ manage grazing through 
tvater control1davelop distributed 
tvater in limited quantities, 

tFliee and vat aimprova grazing management, especially 
toonditione in tin rain season,astablish perenniale 
asouthern part1 tadapted to sandy eoils1 prevant fires1 
tmoderate tire. tdevelop supplemental vater, 
tinoidenoe, and t 
avatar shoriage. 1 

c, Terminalia-sclerooar.ya-Anogeissus mixed deoiduous voodland savanna 

60Q-900 tAnnual grasses and herbai vith 
toccasional tall perennial grassest 
tgood palatabilityJ moderate yieldt 
ominor contribution from browae 
t(aheep benefit from leaf-tall 
a at ter fi res) • 

tDry season and 
t aar ly raine 1 
:cattle 1 eheep, 

t Flias 1 ti res 
aand vatsr 
t shortage in dry 
a saas on 

tWork toward ysarlong USBJ vater develop­
tmentt inoreased atockingJ tire control! 
lintroduce perennials 1 improve manege­
tment, and feed minerale·, 
1 

1 

E 
1 



TABLE 2 Cont'd 

llain:fall 1 Type o:f Predominant Forage 1 
:Palatability1 Productivity 

3 :Lov Rainfall Savanna Special Areas: 

Season Used1 
Kind o:f S teck 

' Limita ti ons 1 
1 Problems 

' 

a. Toposa area mixture of varied sites, eastern Equatoria 

50ü-700 

40ü-700 

:Mixture of types of coarse perenn­
:ials and short annual grasses and 
:hsrbs1 high contribution from 
:palatable brovse1 moderate yields, 

:Almost yearlongi 
:cattle, sh.eep, 
:goa ts and game 
:animals. 

:Fire1 game 
:oompeti tion1 
:predi tors in 
:aome places. 

b, Hill Catena-mainly Nuba mountains and Jebel Marra massif, 

:Mixed types of palatable and unpal­
:atable perennial and short, palat­
:able annual grasses and herba vith 
:a high contribution from brovsa1 
:moderate yielding1 ext&nsive 
zcultivation. 

:Almost yearlong 
:except heav,y 
:rain period 

:Temporar,y flood­
:ing of drain-
' ages and hill 
1 bases 1 flies 1 
:fire1 
:deterioration, 

Praotioal Approaohes Tovard 
Po tan tials , 

:Fira control and v~ter development vith 
:grazing management1develop policy for 
tgeme-livestook coordination, (an 
oisolated area vith complex of probleme), 

tWater spreading and establishment of 
sgood perennials1 brush control on deltas 
:and low areas of water courses; prevent 
tfires. 

' 
c, Baggara repaating pattern alternating areas of sande and cemented claye •'. 

60ü-700 :Mixture• short and tall annual 
:grasses and herbe of high palata­
:bilityl and soma perennials (in 
:p1aoas) vith prolonged period of 
:pal1l'table green forage 1moderate 
:yields, 

:Dr,y season1 
:oattle and 
tsheep. 
• 

:Fi re 1 partial 
tflooding1flies1 
tsome vater 
•shortage, 
• 

tDevelop yearlong management! control fire1 
testablish~erennial forage species1 
toontrol brush1 develop distributed vater1 
• reduoe' fly ha zards , 

d, Raqaba repeating pattern--alternating types in aouthern Darfur and Kordofan 

700-900 tLate dr,y season1 
•oattle, soma 
tsheep. 

:Tall annual grasses and herbe and 
:browae on main areas between exten­
leive water courses and temporarily 
:flooded lowlands vhere palatable 
:perennials grasses ars green in dr,y 1 

:seaeon1 high yielding, 

tFlies and wet 
sconditions1 
tfire; some 
:water short­
tage in late 
tseason; 
:pre di tors in 
: s ome are a a • 

tProlong use and inorease stocking through 
:water development vith fire control, 
:grazine distribution and management, 
•effective burning and brush controlJUSe 
:prophylactios and repellante, or control 
:flies, 

1 

~ 



TABLE 2 Cont'd 

1 

Rain~all T,ype o~ Predominant ForageJ 
PalatabilityJ Produoiivity 

4 :High Rain~all Woodland Savanna• 

1 

1 Season Usad 
1 Kind o~ Stock 

' 

1 

Limita tioiiS 1 
Pro blslll8 • 

1 
1 

1 

1 

Practical Approachee Tovard 
Potentials, 

a. Anogeissue-Khaya-Isoberlinia deoiduous woodland savanna 

90D-1300 1 Excellent tall perennial ~orage 
:species, remain green when grazed 
:or burnedJ high yielding (where tree 
:competition is limited). 

1 Limi ted use by 
tlivestook and 
1game. 
1 

•Fly hazards 1 
ISOcial and 
aeoonomio 
a:factora. 

1Good poténtial ~or livestockJ use 
1prophylactics and repellants ~or ~lies1 
•allow ~or gama use; maintain balance 
1between trees and grass on watersheds, 

b, Woodland savanna. reoently derived ~rom rain ~crest 

Above 
lYJO •Excellent perennial grasses with 

1almost yearlong growing season1 
:high yielding where tree growth is 
:controlled by ~ire,game grazing, 
1or cultivation clearance. 

1 Limi ted use by 
1 gama aniJBals 

1Tsetse and other 
1 bi ting ~lies, 

tEncourage livestook through suppression 
10~ biting flies and use o~ prophylaotios 
1and drugeJ control woody growth1 
•manage grazing and coordinats with 
t~orestr,y and gama, 

o, Flood plain ("highland", intel'llediate land, seasonal swamp, permanent swamp), 

BOD-1000 tPermanent swamp(small area)• 
1perennial grasses, sedgee, and 
:herba o~ moderate palatability 
tand !ield, Seasonal swamp (small 
tarea): excellent perennial grasses1 
:high yield, Intermediate (over Be%)• 
:perennials of mixed palatabilityJ 
:generally good, Higher land 
:(minor)t annuals and perennials, 
:palatable and unpalatable, 

tYearlon~1mostly 
ooattle,(Seasonal 
tswamp, lata 
tdr,y season1 
tlntermediata 
•land, early dr,y 
aseason and 
1 aar 1y rains 1 
• higher land, 
:middle and lata 
1 rain period) • 

tFloodingJ ~lies. 1Meohanioal harvest of forageJ water 
1oontrol in partsJ control of 
tunpalatable speciesAPhragmites, 
•Impers ta, Cyperus) J/oontrolled burning, 

1 
t: 
\0 
1 
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The problem of bush enoroaohment 
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Savanna is esaentially a type ot vegetation in whioh a balanoa ie maintained 
between a permanent grass oover and a variable number of treee or shrube, Regular 
burning is often an important factor in maintaining the balance, Any taotor 
diaturbing the balance by reduoing the competitive power of the grasa (e,g, b;r 
overgrazing) or inoreasing that ot the woody speoiea (e,g, by exclusion ot tire) leada 
to a thiokening up of the trees and shruba or bush-enoroachment, 'Continuing operation 
of auch taotora leada, on the one band, to the formation of den.se eorub 1nacoesa1ble 
to grazing animale, and on the ether, to aoil-erosion as a oonsequenoe of excess 
grazing pressure on limited areaa and deterioration of the grass oover, 

· Benefite of bush control 

The principal benetit to be obtained from controlling bush is inoreaeed grass 
production, mainl;r as a result of reduced competition for moieture. Fev figures are 
available on the magnitude ot the grass response under African conditions, but in 
savanns in Rhodeaia under an average annuel rainfall of 26 in,, ringbarking of 
Braohystegia and Julbernardia is reported to have increased the yield of air-dry 
grass from 317 lb/acre (the average over 4 years) to 1300 lb/acre, In the U,S,A, 
ohemical control of mesquite in an area of 16 in, rainfall bas almost doubled the 
production of native grasses for a period of 6 yeare and the ;rield of a sown species 
bas been inoreased three times, Additional benefits from bush control are increased 
ease of handling livestook in cleared areas. and, in sorne cases, eradication of poisonous 
plants , 

Methode ot oontrolling bush encroachment 

A, Biologioal control 
Control of bush by the introduction of phytophagous insecte bas been spectacularl;r 

suocessful in a few instances, notably against Opuntia spp. and Lantana, The beat 
resulte are obtained where a single· species (preferably introduced) ~redominatee over 
a large ares and the ohancea of success on the normally mixed bush oommuni ti es of 
Atrioa may not be very great, Neverthelese the Commonwealth Bureau ot Biological 
Control in Trinidad is anxious to help in the development of control methode for any 
important plant peet and the possibility should be borne in mind, 



Control by intensive browèing, 
in trials in various parts of Afrioa, 
selective between bush and.grase, and 
under conditions where the proportion 
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normally by goats, has achieved 
Ooate, however, do not appear 

are only likely to be of use on 
of bush to grass ia high, 

limi ted auocess 
to be very 
limi ted are sa 

The encouragemen.t of vigorously oompeting grass ia perhaps the most important 
method of oontrolling bush, This ia more the province of the range-management 
speoialist than the veed soientiat, but it is worth emphaaizing here that no bueh 
control treatment, hovever successful, oan provide a lasting solution to the problem 
vithout follow-up measures designed to restore the vigour of the grass oover, 

B, ll'ire 
In ~recent reviev on 'll'ire in Vegetation and its use in Pasture Management' 

West oonoludea that burning ia muoh more effective in regions of high rainfall than in 
more arid regions and on good soila than on poor aoile, Bush speoies of the aavann& 
generally appear tc be vell adapted tc aurvi ving the effeota of tire and, in this .tYPe 
of country it ia unlikely that bush oan be permanently eradioated by burning, Aa a 
method of keeping bush in check, hovever, and preventing ita establishment in areas 
vhere enoroaohment bas not yet beoome seriouso oooasional oontrolled tires oan b.e very 
effective, Burning ia a treatment vhioh oan be applied tor a lev oost, but to be 
auooeaatul a .rest from grazing ia neoea~ary beth betorehand and atterwarda, Adequate 
tirebreaka are an eaaential preliminary to burning and contact herbicide& may be ct 
value in preparinc theae, 

C, Chemicala 
The uu of chemicala tc control bush haa the advantage ovar burning that no 

preliminar,r losa of grazing ia involved, Their main diaadvantaga ia expanse, At high 
enough doaea auooeaetul control ct virtually all bush apeoiea ia poaaible1 but in 
rangeliDd only lov doaea are normally praotioal eoonomically, 

The ohemioala moat videly employad have bean the grovth-reculator type 
herbicides ~1 4 1 5-T and 2,4-D, and on a muoh more reatrioted ecale, tenoprop (Silvez), 
More reoently pioloram haa ahown ooneiderable promise againat certain apaoiea resistant 
to ~ 1 41 5-T and 21 4,-D, and ia already in use in .the U,S,A, (not yet in rangeland)· and 

· Auatralia, Sail applied herbicides, auch as tenuron and monuron hava been used on 
a limited aoale for a tev epeoitio purpoeea, but are generally more ezpenaive than 
the 'hormone' epraye and have the diaadvantage of being non-selective tor grasses, 

Methode ot applying ohemioala muet be adapted to the situations oonoerned, For 
killing treee 1 probably the most effective treatment ie a basal bark spray applied 
vith knapaaok-type sprayera, uaing diesel oil as a carrier, This method involves 
relatively high oosts in man-power and oil, hovever, and is only suitable for 
treatment of small areas, ll'oliar aprays applied from the ground are alec limited in 
their application to lov growth on land euitable for the operation of traotor-mounted 
sprayera orto the emall areas vhioh oan betreated vith knapsaok sprayera, 

The method of application vhioh oan be used in the videst range of situations 
and vhioh is the most auitable for use on large areas ia aerial spraying, Experience 
in Afrioa is limited, but in the U,S,A, aerial spraying of rangeland ia dona on a 
ver,y large soale and, in tact, represente the only eztensive use vhioh hàa been made 
of herbicides for bush control in rangeland, Time of year and olimatio conditions 
are oritioal for good resulte with this type of application, and these factors vary 
for different species and different ohemioals, Much researoh ia needed, therefore, 
to vork out the beat treatment for eaoh partioular problem; but once this bas been 
dona, surprisingly lov doses of obemioal are often tound tc be suffioient and the 
treatment becomes eoonomically praotioal, In the U,S,A, satisfaotor,y control of 
mesquite for 5 years or more oan be obtained by aerial spraying at a coat of 
12,oo-2,50 per sore, On Querous havardii (shinnery oak) similar resulte oan be 
aohieved for as little as $1,40 per sore, 
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, Susceptibility of bush apeoies toherbi~ varies vith different ohemioala, but 
for all ohemicale it may be expected that speciee vith a large capacity tc prcduce 
shoots from belov ground will ba mora diffioult tc kill than thoaa vithout, Unfortunately, 
adaptation to vithstand burning often involvea a root suckering habit or a root orovn1 
and eavanna epeoiee being oommcnly resistant to burning are alao likely to tend towarde 
resistance to herbicides, Information is availabla on the ausceptibility of a number 
of bush apeciea to 2,4-D and 2,4,5 -T, In general Aosoiae are more susceptible to 
21 41 5-T than 2,4'-D, and large trees are more susceptible to baeal-bark epraying than 
small treas, Suckering speoies, auch as A. hockii and A,breviepica oan be readily 
killed to grcund leval, but often regenerate, Combretum spp. ganerally tend to be 
resistant, Commiphors epp. susceptible, 

D, Meohanical control 
Mechanical methode effective enough to give lasting control are very expansive 

and can only be contemplated in potentially productive areas, as part of a program 
cf clearing, reseeding and intensive management, Control methode oheap enough to 
be prsotiosble fer rsngelsnd normally involve sdditicnal treatment in subsequent yesrs 
in order to prevent rspid regrcvth, The chesper methode are perhspe beat ooneidered 
as preliminsriee, helping tc bring the area into a mere euitsble condition for burning 
or spp!ying herbicide, . Thickets, for example, must normally be out if they are to be 
burnt satisfactorily and cutting is slso likely to be necesssr,y to provide accese to 
ground-eprayere, There is little evidence, however, that the resulta of aerial apraying 
are improved b7 preliminsr,Y mechanical clearing, and vith acme types of bush, there ia 
even a danger that mechanical control measuree may make subsequent chemical control more 
difficult by enocuraging coppioe formation, 



.;.153-

ANIMAL. PRODUCTION AND S:l VANNA AREAS 
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LAI SF/SD/66/7 

Animal production levels are conditioned primarily by the nutritional plane of 
the stock and, in the extensive regions covered by this meeting, are fre~uently jeopar­
dised by the shortage or the unreliability of rainfall, Tbese variable precipitation 
rates create alternating periode of livestock subsistance and productivity during the 
dr,r and wet seasons respeotivelyJ Prolonged droughts occasionally disrupt animal produc­
tivi ty patterns and may cause a widespread decimation of numbers. In suoh environmentsl 
oiroumstances, continuous or seasonal migrations are so necessar.y to find feed and 
water for the flocks and herds that tribal leaders often carry tremendous reeponsibilities 
for their own and their followers 1liveetock, Both in truly nomadio and in the varying 
degrees of transhumance husbandr,r systems, animal movements are governed by tradition 
and ancient agreements tut may also be effected locally by the verbal reports of the 
fodder ei tua ti on in a particular year or district. Modern radio and transport systems 
help alleviate sorne of the affects of adverse climatic conditions but migrating flocks 
and herds are no more seoure today than they were in the past. 

Nomadio and transhumance systems are traditional adjustments ta fluctuating forage 
and water supplies and only an extrema mobili ty can sometimes preserve the flocks and 
herds, However, high ambiant temperatures and incident solar energy loads indues 
physiological stresses, In fact, the survival of indigenous species depends primarily 
on them being sufficiently adaptable to be able to adjust to the local nutritional, 
management, health and physiological circumstances. With increasing aridity, for 
example, livestock become more important than crops and smaller species tend to replace 
the larger ones which are generally more productive or faster growing under more favourable 
environments. 

The normal practice is to accumulate livestock numbers as visible symbole of 
wealth and as insurance against periodic holocauste which occur when numbers become 
excessive and which are induced by disease, parasitism or a seasonal failure of grazings 
and water supplies. The retention of aged beasts in the hard is deliberately based 
on the knowledge that suoh older animale have usually recovered from and developed soma 
immunity to intercurrent diseases, Suoh older cows may reproduce lesa frequently than 
younger animale but they do provide an insuranoe against recurrent disaaters. This 
retention of older animale and o~ mature males, in excess of those re~uired for 
breeding or work purposes, together with relatively high mortality rates of young etook 
result in herd compositions which are very different from those in developed areas. 
Any attempt to improve pastures, feeding or management conditions must be associated 
with a change in herd compositions if their maximum productivity is to be· realised. 
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So far 1 this discussion has perhaps referred more to cattle than to other livestock 
eo it is essential to mention that as feeding conditions deteriorate the size of the 
surviving cattle may be reduced. Beyond a certain point, however1 cattle give way to 
sheep and goats and eventually1 in severe enviro:cments1 only the much maligned but resource­
ful goat oan exist on the grasses, weeds and shrubs of the lands previously ruined by 
avarioious oultivators and their lsrger stock. Experts from developed zones, when 
advising the peoples of lesa developed regions, often over-emphasize cattle in areas 
where the smaller ruminants would be more appropriate and pay lip service to the vocif'­
erous;though often unfair1 oondemnations of the goat, The existence of feral herds in 
other parts of the world in harmony with their vegetative surroundings supports the view 
that i t is i ts mismanagement and not the goat per E which has proved so inimical to 
certain surroundinge. 

Goats are more rustio than sheep but 1 when seleoted breeds are properly fed1 they 
outyield sheep and rival certain oattle breede in milk production, Some Afrioan goat 
breeds 1 auch as the Red Sokoto, have justif'iably aoquired a world reputation for the 
leather producing value of their skine. In ether osses, pit~tary, ohondrodystrophio 
or mixed types of dwarf'ism cause reductions in the body aize of geste. 

Afrioan aheep var,r widely1 aooording to bread and environment 1 trom fine to ooarse 
woolled and from woolled to hair breeds, from meat to milk produoing strains1 from 
fat-tLiled to fat-rumped and. to thin-tailed types. Perhap1 the blaok-headed Peraian 
aheep from Somalis have the greatest potentiel in the &reas oovered b7 this meeting1 
provided a too heav,r worm burden is not encouraged by wet conditions, 

Humped zebu cattle are adapted to a higher temperature and more intense solar 
radiation range than are the humplen types. Although there ere bread differences in 
heat tolerance, eoologiosl distribution and productive potentiels, no aharp linl 
demarcatea 1!2! indious trom 1!2! taurus in economie potentiel, Size varies wi th soil 
fertility and level of nutrition while unfavourable conditions m87 cause stunting, 
Many wellknown breeds of oattle ooour in the &reas oovered by this meeting- e,g, 1 
the Xenana, the Sbuwa1 the Boran and the Jidda, 

Poultry oontribute muoh to the nutrition of the people in Africa through their 
yields of egge and meat, They are widel;y dietributed in emall 1 :tree-ranging uni ta 
while large ecale, modern, intensive, commercial enterprisee are now being developed. 

Livestock industries in developing oountries are ao diversified that no single 
meaeure can be universall;y applied for their amelioration. Eaoh requires individuel 
attention, In addition industries have not expanded at the same rate ae have other 
branchas of the national econom;y and there hae been aignificantl;y lese attention 
devoted to their advancement, Animal production is in faot the Cinderells of agrioultursl 
aotivitiea in spite of the ever-increasing demand for animal proteine to meet human needs, 
This ia poaaibl;y because so much of the produots are coneumed in the country and so little 
aurplu18& have not been surrounded by the glamour attached ta ether more spectacular 
endaavours. Unquestionabl;y in much of Af'rica, animal production activities are antiquated 
and. ineff'icient but1 nevertheless, could be greatly improved. Thus, there is a need to 
educ' ·,e s'cock-owners in modern methode, to ameliora te managment and nu tri ti anal levels 
and to organize systems for the collection and marketing of their produce, rntereas 
in developed countries producers are continuall;y challenged by the quality of their 
products, in developing areas it ie the actual availability of these foods which is of 
paramount importance so that laok of technical knowledge must not interfere with 
livestock developments. Progrese in animal disciplines must be based on a careful 
strategie planning in the particular environmental oircumstances, 

It is sometimes stated that it is easier to induce developing countries to expend 
larger sums in expansive industrial enterprises to serve as statue symbole than to 
devote serious attention to the more prosaic animal production activities. Animal 
production is not an entity but a complex of several sciences (nutrition, physiology, 
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ganetics, etc,,) in combination with a wide variety of management practices, feed 
supplies, market opportunities and social requirements, Even a simple liveatock problem 
may involve a number of specialiste wh1le the frequent lack of precise and reliable data 
is complicated by customs imposed by different faitha and traditional habits, 

The lack of trained animal produotioniata in developing countries is deplorable, 
Attempts are made to disguise this by referring to the available numbers of agricultural 
and animal health graduate, and non-graduate staffs, The truth is that the key tc 
development is sufficient people trained at all levels but there are extremely few pe~sons 
trained tc the required gr~des in animal production subjects, True animal husband~ 
thus remains a pawn over which agriculturalists and veterinarians continue to struggieJ 
hence its teaching has beon largely neglected due tc lack of facilities and staff, 
What is urgently needed are the means tc train (a) relatively few advanced or degree 
course students regionally (b) a larger number of animal husbandry extension workers 
in their own country and (c) fermera in their own districts in ahort-term local require­
menta, Only when these facilities can be intrcduced will there be any hope of being 
able tc break the vicious circle derived from a combination of poverty, ignorance and an out­
moded relianoe on traditional systems. 

Parallel with such an oducational drive should be a determined attempt to introduoe 
reguler and organised livestock marketing praotices, Irrespective of consumer demand, 
if marketing oosts represent too high a proportion of the final priees, production may 
be uneoonomio except on a subsistance basie. Equally, if meat vendors, butchers and 
middleman dealers take too hi6h a share of the final priee of meat, the sum offered 
to producers may be an insufficient inoentive for them to sell, Inadequate attention 
has been devoted to suoh marketing difficulties and inaufficient has been dona to 
establish auotions on the basis of grado and weight, to licence traders, to control 
the movement of atook along stock routes possassing the necessary quantities of feed and 
water, to establish holding grcunds and to break existing trader and butoher rings, 

More accurate statistics of livestock populations and productions are required 
before improvement policies can be based on reality, Such figures are dull and in 
the early estimations are highly divergent, Statistioal data is eschewed by many 
but is the testing stone of Government and private activities. Unfortunately, owners 
are often so suspicious that the date supplied by them is highly suspicious. 

Many out-moded traditional husbandry patterns persist, sometimes in close juxta­
position with developing intensive units, butte increase their productivity the disease 
situation must first be assured, Improvements in feeding, management, breeding and 
marketing then follow logically. There is, however, no point in saving animale from 
disease if their numbers so expand that starvation deaths intervene so as tc redress 
the balance with the nutritional plane. 

Normally the better-watered and more fertile soils have been cropped under 
shifting-cultivation systems to permit sail regeneration, Increasing population pres­
sures have nacessitated an eÀ~ansion of these cultivated unite into sites formerly 
reserved for grazing, With this removal of their better grazings, livestocks have 
been forced on to diminishing areas of poorer produotivity. This consequent overstocking 
has caused unfortunate changes in the vegetation of the grazing reserves but it ie man 
and not his animale who is responsible for this degeneracy. Inatead of shouldering his 
responsibility for this damage,avaricious man hae blamed the goat because this has been 
the lest domestic animal to wrest a living from the devastated areas. These nutritional 
limitations had to multipurpose stock and limit profïtability but reduce risks, 

As would be expected from the previous paragraph the first factor which claims 
attention, once relatively disease-free pockets have been developed, is the need tc 
ensure that the animale feed requirements are met. This involves improvements in the 
pasture and fodder crop supplies, means for their conservation for use in the off-
season, the correction of protein or mineral deficiencies and the feeding of supplementary 
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ra~ions aooording to the leval of production. Usually the system of management involves 
confinement at night without feed or water. This should be ohanged where possible to 
permit night grazings and at the same time removing risks of losses from predators 
which are presently a restrictive factor. The management philosophy must be constantly 
adapting to the evolving husbandry oircumstances. 

It is axiomatic that the acquisition of scientifio knowledge exceeds the rate 
at which it oan be applied but, in spi te of this, knowledge of feeding values, systems 
of feeding, livestock requirements at different ages and levels or types of production 
all need investigation in relation to coste and profitability. Rarely, however, do 
uutritionists get requested by Governments seeking livestock help, yet these are 
fundamental to any ether type of animal produetionist. 

Systems of management are often closely integrated with nutritional regimes but 
much information is needed for all types of livestock, with different feeding systems, 
in different seasons and at va.r,ying ages and levels of production. Considerable etudies 
are required bearing in mind that it is productivity per hectare and not per animal 
that is important. 

Because of exposure to adverse conditions for long periode of time, indigenous 
stock may exhibi t low rates of growth and production. Growth may however, be resumed, 
after intervals of subsistance, to a greater degree than is possible in more earlier 
developing improved breeds. Indigenous stock have developed in harmony with their 
environment and their physiological, heat adaptive reactions to ambiant thermal stresses 
may be superior to thOse of higher yielding exotios. 

As a re sul t of segregations in aocordance wi th existing uutri tional levels many 
local breeds have been isolated. Sometimes their productivity reaches suoh low levels 
that a demand is made for their improvement. Far too frequently those ooncerned with 
the improvement of indigenous speoies have sought this by substitutions for or orossings 
wi th high yi el ding breeds from other areas, wi thout oonoommi tant augmentations in the 
nutritional and management practices. As might be expected the resulta have led to 
failure. At the same time, past emphases on pedigrees have lost their signifioance to 
soma extent because selection is now inoreasingly made according to produotivity and 
the abili ty to transmit this character to their offspring. 

Whereas meat production must remain largely an extensive operation, there will be 
increasing opportunities to produce veal and baby beef in intensive peri-urban unite. 
The economies of such endeavours need study. Milk production is also an intensive pari­
urban aotivi ty whioh is rapidly being encouraged. JUrther out from the consuming 
centres will be farmers producing milk for butter, cheese ar ghge ,,'and these dairy 
aotivities need study and encouragement. Poultry production near the towns for eggs 
and broilers is being intensified and will never displace the need for extensive small 
unite in the more remote villages. 

Much of the African continent needs to re-orientata 1ts thinking on animal 
production. This is a long term process but a start must be made in the collection of 
the basic information on whioh to organise the necessary changes. Such deta may often 
tirst be collected thrcugh Special FUnd projects so that instead of the exclusion of 
these aotivities, as has so often oocurred in the past, efforts should be made to 
encourage their inclusion. Should this be done it is essential, however, to realise the 
greatest difficulty involved, namely with oattle. With these animale, the growth rate 
and productive cycles are auch that it is not possible to test the progeny of any 
breeding activities within the space of a 5-year project. This can be doria with the 
smaller farm livestock and with poultry. 

Fads and fanoies must be discarded and new and more realistio concepts established. 
Problems will then be capable of solution without prejudices and in the beat interest of 
all concerned. Having determined animal improvement methode by investigation, i t is 
essentiel to have adequate animal husbandry extension services in operation to ensure 
that the findings are translated into praotioe. This requires sound systems for teaohing 
the various staffs involved. 
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ANIMAL HEALTH AND ITS SIGNIFICANCE IN THE DEVELOP)!ENT OF 
SAVANNA ZONES 

E. P. Lindley 
Te am Lea.der, UNDP ProjeotjNÈAHI, Sudan Unit 

The method of stock management at present practised in the savanna regions 
under discussion is "extensive" and is a method of husbandry which has been carried 
on from generation tc generation for centuries, usually independant of crop farming, 
The leval of production of meat and milk under this form of pastoralism is very low 
but has sufficed tc maintain the people dependent upon it at a subsistence level. 
It has survived vicissitudes of the climats and ravages of animal diseases, although 
these latter have caused much human distress at one time or another. For instance, 
it has been recorded how the Fulani of Northern Nigeria recall the cattle plague 
whioh spread across their part of Africa in the l890 1s, decimating the cattle popu­
lation and causing muoh human misery. 

The major diseeses of stock kept in this traditionel fashion are the "epizootie" 
diseases, These are the diseases which are· easily transmitted from animal to animal 
and spread over an area in waves. · Sorne may produce a high mortali ty, especially 
following the initial onslaught onto a fully susceptible animal population, for 
example Rinderpest (cattle plague), whilst ethers, e.g. Foot-and-Mouth disease, 
although no less dramatio, ~ay not cause a high mortality. 

Trypanosomiasis, generally spea~ing, has not been a serious hazard tc stock 
because, in this zone, the tsetse fly is limited in its distribution tc certain areas 
and the herdsmen have learned tc avoid these "islands". 

Diseases caused by bot~ internai and external parasites are not generally of 
major importance in this form of pastoralism, although in certain localitiee under 
certain perhaps exceptional conditions, lasses may be very serious- for example to 
Liver Fluke disease and Haemonchosis. The same commenta apply tc diseases of becte­
riel origin such as Anthrax, Blackleg and HaemorrhagicSepticaemia. Diseases caused 
by the protozoe, sorne of which are spread by ticks and ether vectors are usually 
debiliteting rather than killing but these can be serious in young animais for 
exemple Coccidiosis. However, the overall effect of all these diseases is to reduce 
still further the low productivity of this method of husbandry. 
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It should be understood at this ata.ge that the epizootie diseases by and large 
can be oontrolled and are being oontrolled and in most cases the means to eradioate 
them are alec known and have been suooessiully a:p:plied in some oountries, Mattera 
cf oost and :practicability (communications, technical staff, legislation, sooio­
:pclitioal factors etc.) often stand in the way of im:plèmentation. It shculd be ncted 
that Rinder:pest eradication schemas finanoed by bilateral aid agenoies are at :present 
being oonducted in severa! Afrioan countries which contain areas of savanna. 

Attention must be fccussed on another factor to be considered when assessing the 
economie basie for the eradication of, for exam:ple, Rinder:pest, This is that "no 
country free from Rinder:pest and situated outside Africa will aooe:pt the im:port of 
African meat so long as the risk of Rinder:pest remains"- a quotation from the Final 
Report of Phase I of the O,A,U, Soientifio, Teohnioal and Researoh Commission Joint 
Cam:paign against Rinder:pest (I.B.A.H, Vol. 14. :p. 193). The presence of ether oattle 
diseases m~ also hamper the free international movement of stock or meat. 

The demand for more animal protein or ether animal prodllcts consequent upon 
urbanisation or expanding export markets forces changes upon the rustio soene, the 
overall effect of whioh is a change from extensive to intensive animal farming. The 
herdsman oan no longer plod his weary way- he must take positive steps to ensure 
that his animale are productive, It should not be necessary to add that the farming 
oommuni~ are most conservative and it is difficult to change their way of life and 
tradi tional views. ·But they :&l!_ change and guickly if the incentives are the re. 
Indeed inoreaaed animal production motivated by tundamental economie demand, oan be 
a major factor in getting the fermer out of the rut of a subsistenoe eoonomy. The 
education and re-orientation of the farmer for this new role will be stressed by 
ether speakers at the conference. 

The changes from extensive to intensive animal farming alter the pioture ~­
letelYJ animal disease control becomes an even big ger responsibili ~ of Governments. 
It now becomes eseential, not only ta contain epizooties but to take more dynamio 
actio11 to control them wi th a view to eventual eradication. The main epizootie 
diseases to be oonsidered in this oontext, but, by no means a complete list, are 
Rinderpeat and Contagious Bovine Pleuropneumonie. of cattle, Elue Tangue and Pox of 
sheep, Newcastle Diseases and Fowl Plague of poul try and Contagious Caprine Pleuro­
pneumonia of goats. 

With intensive stock keeping the lasses caused by epizootie diseases become of 
much ë:reater economie consequence as high grade stock of improved productivity are 
involved. The Govern~ent and its agents have an increased responsibili~ ta see that 
their plans and the farmers' prosperity are not jeQpardised by oalamitous soourges. 

Unfortunately, wi th more intensive methods of stock kee:ping which involve 
changes in management, fencing, hausing, feeding etc., other animal diseases may 
become of much more siff!lifica.nce tha.n they were under extensive management, especially 
in ternal parasi ti sm, tuberculosis, brucellosis, mas titis etc. Due ta changes in 
feeding methods, enterotoxaemias, deficiency diseases and ether metaèolic disorders 
may become more manifest and of considerable importance. Sorne of these diseases may 
also be si;"Tlificr:.nt ~3 comrrr,.micable tc man {zoonoses) and thus ·oe a source of danger 
to the ani!nal owner hi:nself - e.g. Brùoellosis, and calling for special mea.sures in 
t!H:dr con t.rol out of proportion to their veterinary importance. 
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It would be morally re:prehensible for any group of planners to persuade animal 
ownere to ahanee their way of life, invest in new methode, develop improved stock 
with all that is entailed a.'1d not to make adequate provision for extension sex•vioes 
to deal wi th the se diseases. 

What does this mean for the planners? It means that, whereas for present con­
ditions a fairly simple animal health field service is all thot is required to cape 
vdth epizooties, in any development scheme involving changes in animal production 
methode, especially where intensive production is aimed at, whether it be poultr,r, 
pigs, sheep, dairying or beef production, a properly organized field extension 
service is neoessar.r1 this must be capable of quick recognition of animal diseaaee, 
have faoili ti es for confirma tory laborator,r di agnosie and follow up remedial action. 
Good communications are essential for these services to be effective. 

It is no use expectlng an already "stretched" field animal heal th service whioh 
has been designed for quite a different purpose to suddenly cope with half a dozen 
new specialized animal production projeote. 

The problems confronting the animal production industry which have been men~ 
tioned here should not be considered sufficient to deter development and they can all 
be overcome as long-aB the plans contain the means to overoome them. There have 

.been enough failures to show the pitfalls and there is no excuse for being blind to 
animal production and heal th problemsJ there is a weal th of experience to call upon. 
The answer to many of the disease problems is known, only the application bas to be 
planned end organized. 

As regards di~ease bazarda to animal production, timel~ planning can avoid 
disester in the savanna regions. Man oannot be divorced from his livestock and any 
plan for development of men which excludes his livestock is unbalanced and will 
founder. However, the economie basis for animal production must be present - once 
this is established the economie basis of diseese control becomee apparent. It 
"pays" to keep animale heal thy, it pa~s even more if thes a animale are really produc­
tive. 

In conclusion savanna. develO?rnent projects should include animal production 
schemas and provision for education of the farmer in the new methods of management 
required. This vdll entail the establishment of pilot Projects to dernonstrate the 
soundness of the schemas and to ensure that any initial lasses are borne by the 
Government. Also in the or1ginal planning the provision of trained technical person­
nel for the addi tional extension and advisor~ animal production and heal th services 
(on the spot a.'1d not miles away) will have to be considered, These services require 
specialized equipment and facilities tc enable them to funotion efficiently. 

Such development plans should be drawn up after consultation and in cooperation 
wi th the various specialized a.gencies and Governme!l t technical depart!nents which are 
involved. 

The savanna regions have a potential for animal production and it is up to the 
various Governrnénts to develop the se renources ta increase their countries' weal th 
and their peoples 1 well-being. 
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FlJRTHER RESEARCH NEEDED FOR CONSERVATION AND 
DEVELOPMEN'T OF THE SAVANNA IW!ITAT 

P.E. Olovor 
Consultant 

Plant Production and Protection Division 

L!1 SF/SD/66/9 

Aocording to Hopkins (1965) 'Savanna is a type of vegetation ocnsisting 
predominantly of grasses vhich are usually burnt annually. In addition tc the grasses 
and ether herba, traaa and other woody planta are normally present'. 

This is the interpretation ganerally aocepted for aavanna in West Afrioa but 
the definition for aavanna given by renneth (1963) ia• 'Subtropical or tropical · 
grasaland vith xarophiloua vegetation and acatterad traesJ traneitional zone betveen 
grasalanda and tropical rainforeata•. The tarais derived from the Spanish vord Sabana, 
meaning grasaland, 

In East Afrioa, the Rangaland Classification Committee has rejeoted the tarm 
'savanna', in faveur of the more precisa terme 1 grassland' 1 'voodland', 'vooded 
grassland' , 'bushad gras &land' 1 etc. (Pratt !l !!. 1965). 

A great deal of researoh has been oonducted in the past 50 yeara in the vast 
areas of savanna country in Africa south of the Sahara beth from the agricultural and 
pastural aspecta, Reference to the UNESCO Vegetation map of Afrioa givaa acme idaa of 
the extent of aavanna in this continent. 

Cultivation and fire are unquestionably the major factors reaponsible fer the 
formation and maintenance of aavanna country, beoauae bush fires have exerted ao 
profound an influence on the vegetation of Afrioa for ao long that fire has beoome an 
i~ortant limiting* factor almost equal in ita effeot to topography and olimate, 

This has resultad in the development of special tira-tolerant oommunities of 
planta and animale vhioh are dependent on periodic burning for thair existence. Tvo 
exemples of these communitiea are the open graasy plaina and aavanna voodlanda of 
tropical and sub-tropical Afrioa. 

* 'The presence and auooesa of an organiam or a group of organiama depends upon a 
oomplex of conditions. Any condition vhioh approaohes or exoeeds the limita of 
tolerance is aaid to be a limiting condition or limiting factor'. (Odum 1959). 
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Although bush tires encourage the formation of grasslande, untimel7 burning 
e%poaea the aoil to deaiooation and eroaion, the resulta of vhioh are all too evident 
in the Guines zones of West Atrioa and the plaina and voodlande of Eaat Atrioa. 

Betore man learned to use tire aa a tool, burning of the vegetation muet hava 
ooourred onl7 oooaaionall7 as a reault of lightning or epontaneoua combustion in places 
vhere large amounta of dr7 organio matter had oolleoted. 

In the laat tvo thouaand Te&ra, hovever, the eooial davalopment of human 
oommunitiaa and recentl7 the invention of the safety match have accelerated the effaots 
ot tire upon the Atrioan landaoape 1 devaetating the tira-tender forest edga and dr7 
buehland, Thia prooeae hae in turn been aaaieted by ehifting oultivation aooentuated 
b7 a audden and diaaetroua ries in the human population of Atrioa in the paat 50 7eara, 

Phillipa (1965) reviewed e%hauativel7 the intluenoe of fire on the bioolimatio 
regions of Trans-Saharan Atrioa and deacribed varioua aspecta of researoh work oarried 
out up to the present time in different parts of Atrioa. 

Detleoted aub-olimax oommunitiee - The eavanna regions of Atrioa are oommunities 
ot planta and animale whioh have been 'àefleoted' from their normal course of eoologioal 
succession b7 the influences of oultivation 1 fire and grazing1 exerted individuall7 or 
oombined 1 ao that aavanna oommunitiea dependent on these factors for their existence 
oan hold the ~oaition of 1 defleotad aub-olimax aaeooiationa or associes' (Weaver and 
Clemente 1938} vithout further deterioration, 

In theae aavanna oommunities aa in all living aocieties 1 there ia perpetuel 
competition tor aurvival between individuels and an incessant atriving towarde a more 
highly organized type of aeeooiation in vhioh the oomponente are in equilibrium vith 
one another undar aimilar olimatio and aoil conditions! but thie equilibrium oan be 
maintained in a defleoted aub-olimax association onl7 ao long aa the defleoting 
influences (fire, eto,) continue to be exerted to an optimal degree, When theae factors 
ceaae to operate, development ia reaumed tovard the normal, more atable olimatio olimax1 
be it thioket or forest {Lester in Glover 1961), When the detleoting raotors beoome 
6var-aooentueted deterioration sets in, resulting in lover and more primitive t~es of 
biotic oommunities and eventuall71 complete destruction folloved by desert, Theretore 
tire alone or ccupled vith controlled grazing oan be a most destructive influence or a 
ver7 valuabla tool in managing wood7 regrovth in the grasslanda and open vcodlands of 
Africa vhioh form the most valueble range lands and stock produoing areaa of the continent, 

Even as early as 1936 1 Sv7DDerton showed that in Tangan7ika the exclusion of fire 
from a ~look of countr7 for 10 years caused a thiokening of the vegetation and the 
diaappearance of the taatse fly Glosaina svznnertoni - a savanna fly related to ~· 
morsitans vhioh inhabite vast areae of savanna country in tropical and sub-tropical 
lfrioa, but in turn an anoroachment of G, pallidipea, vhioh ia a thicket inhabitant in 
that aree, took place, 

Svynnerton'a findinga have beenolearl7 oon!irmed many times, Another olaeaioal 
exampla vas that of a forest reserve near Kaduna in Northern Nigeria vhere several blocka 
ot Iaoberlinia voodland reoeived varioua degrees of protection from fire tor a pariod 
ot more than 20 years, In the aeotion vhioh had been oompletely proteotad 1 there vas 
a general densification of the vegetation and patchea of thicket vith numeroua creepers 
had formed, The blook that had been burnt at the and of the dr7 seaeon avery year vas 
almoat oompletely open, tutted perennial grasses vere dominant and onl7 a fev tire-resistant 
treaa vith blaokened trunks remained- dead 1 oharred stumps vere numerous (Olover 1961), 

Fire-tendernesa - Fire-tender plants are those vhich have n~ developed a 
resistance to burning. In most instances the resson ia that they are membera of plant 
communities vhioh are not normally affected by fire beoause of their denait7 or laok 
ot undergrovth 1 or becauae they belong to humid forest oommunitiea vhere burning oan 
make little headvay ~assiated b7 man. The most vulnerable planta are lhose in the 
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'marginal' rainfall areas vhere thioket and eorub is the dominant 1 olimax1 vegetation 
vith lov perennial graaa oovar of the types found in the driar bushlands of East Afrioa 1 

auch aa those in the Tsavo National Park and the Sudan zone of Northern Nigeria 

Fire-reaistanoe - Many planta hava aoquired a permanent resistance to tire over 
periode of thousands and perhapa millions of years, Oood examples of theae are 
'geophytes' vhioh have devaloped large underground atorage organe having only elender 
ephemeral aerial parts vhich are most conspiououa in fresh green grovth shortly after 
the grass hae been burnt and the ground appears to be otherviae bara or oarpeted vith a 
short freeh!lush of green aprouting perennial grass. 

' 
Classical examples of geophytio tire-resistant plants are Courbonia glauoa 

{~lotaoh.) Gilg and Benedict vhich ia oommon on parts of the plains of the lara and 
Serengeti areaa of East Afrioa, In the voodlanda of Southarn Tanzania Crzptoaepalum epp. 
appear ae perennial herbe only a few om high but below ground there is a atout rootatook 
like the trunk of a emall tree with widely epreading branches and only the tipa of these 
appear above the surface, In this same woodland there are alao dwarf speciea of 
Combretum, Gardenia and aeveral plants which have taken to a geophytio habit apparently 
as a defenoe against perennial gtaaa firea, 

In addition, there are intermediate stages shawn by many aavanna treea which are 
able to assume a geophytio form, maintaining only a small stem above the ground which 
oan often be mistaken for a seadling but having a atout root stook beneath the surface 
ahewing numeroua !ire aoara. The writar has countad as many as 75 growth rings from a 
rootatock of \hia tY,Pe whioh had no more than a small stem 6 - 10 om high ehawing above 
the ground in Braohyategia - Iaoberlinia woodland south of Tabor& in Tanzania. 

There ia, tharefore, muoh evidence indicating that many savanna tree apecies are 
auppreaaed at ground leval by perennial firee until a lapse ooours of 2 or 3 yeara 
without !ire when they are able to grow tall enough to withstand being razed to the 
ground in subsequent yeara, 

Glover at al {1955) doing transect counta in tha Abercorn district of Northarn 
Rhodesia in Brachyategia woodland in whioh the grass was burnt perennially, round that 
more than 75 percent of the potential tree population vas between G-3 faet (1 m) high, 
there vere markedly fewer planta in the 3-6 ft {1-2 m) and 6-12 ft {2-4 m) height groupa 
and little difference in the numbera in the ~2-25-50 ft (4-8-16 m) height groups, 
indicating that planta batween 3 and 12 ft {1-4 m) in height ara most vulnerable to 
grass !ires, Most of the planta lesa than 3 ft {1 m) high had atout root stocks at 
ground level or just belov, eheving numerous !ire scars, Very few trus aeedlings vere 
tound, 

Later Glover {1965) working in Tanzania in the Serengeti National Park found that 
ot 5,777 planta of various tree species counted ~n a series of 10 belt transeota 5 miles 
ap&rt ln the 50 miles between Seronera and Kline a Camp, 71 percent vere lesa than 
l tt (1 m) tal~about 8 percent vere 3-6ft {1-2-m) highl about 10 percent 6-12ft 
(2•4 m) hiChl about 9 percent 12-25 ft {4-8 m) high and only about 2 percent vere 
taller than 25 ft, 

Hers also many of the treea in the 0-3 ft (0-1 m) group had atout root atooka 
at ground level shewing signa of repeated burning and there vere vary fev aeedlings, 
Emphasising the point that meat of the small planta in theae areas whioh appear to be 
seedlinga are not but merely regrovth from underground !ire resistant stems, 

These investigations indicated that although !ire can have a most destructive 
affect upon woody vegetation, many planta have aoquired a temporar7 geophytio phase 
vhioh permita them to survive for many yeara in spite of having their aerial parts 
soorohed off repeatedly until, beoausa of drought, over-grazing or both combined, there 
oomea a period of 2-3 yeara vith no fieroe !ires vhan theae planta are able to grow to 
a height of more than 6 feet and big enough to be safe from burning, Many of them alao 
develop thiok corky bark as a further protection againat !ire, 
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This sbility of many woody plants to survive under ground and regenarata quiokly 
vhen given respite from tire of a few yeare is one of the ressons vhy regrowth ia ao 
diffioult to control in ovargrazed oountry,tsetse control clearings and areas of 
graasland proteoted from tira. 

According to the East Atrican Rangeland Classification Ccmmittee (Pratt !dl!l 1965) 
'Rangeland oan be regsrded as land vith natural or aemi-natural vegetation vhich 
providea a habitat suitable for herde of vild or domeetio ungulatee. Therefore, the 
graater part cf East Atrica ia rangeland, In ether vords, East Atrica including Central 
and Southern Atrioa is mainly aavanna country. 

The asme applies tc the Northern Ouinea, the Sudan and the Sahel zonee of 
West Afrioa although compared vith ether African savanna zonee, vild ungulate life ia 
virtually extinot in West Atrica, 

It ia therafcra, from the rangeland aspect that va should oonaider the pcssibilities 
of turther reaearch fer the conservation and development of'the aavanna habitat in Atrioa, 

~~~~~-ii;~~~- It haa been mentioned previcualy that 
~ regions of Atrioa haa been aoquired in 

ne further prcgreas vere made there is 
enough information available on fire control and ether forma of range management tc deal 
vith any rangeland problema that might arise exoept for the graataat limiting factor or 
all vhioh va seem lesa able to deal vith nov than va vere 50 yeara age, and that ie the 
~ factor, 

More than 30 yaara 1 experience in Atrioa makea me believe that all the future 
reeearoh in the vorld will have no benefioial affect in Atrica vithout the diaciplined 
co-operation of the local inhabitanta encouraged and suppcrted by their politiciana, 

This all important matter must take precedenoe in any present-day plane or 
reccmmendaticns fer turther reeearoh in the aavanna or any ether agrioultural regions 
of Atrica. Soientific knovledge ia valueleee vithout effective administrative support, 
Control ia the vital factor upon vhich the future of true devalcpment depends. 

The second meat important factor - again a human one - ia immediate control of 
an erploding human population, Again, unleaa the present rata of inoreaae cf the passant 
population cf Afrioa and the East can be checked tc a ccntrcllable pace, all innovaticne 
and modern methode cf research for their velfare and the development cf their naturel 
reacurcea will be utterl~ uaeless in terms of the destruction of the habitat and the 
consequent human suf~ering that will ensue. 

At a MEETING of E!perta ~ Tr:pancacmiaaia in Lages in September, 1963, the 
importance of these problems vere fully realized ~nd it vas agreed that a MISSION ehculd 
be formed conaiating cf experts on rural develcpment and aocio-economioa tc raviev vith 
lccalexperts the areaa of different economie potentiel in Afrioa within the limita of 
the Olcaaina zone in relation to kncvn techniques of trypanoaomiaaia control, 

The MISSION vculd alec asaesa the pcaaibilitiea of aucceaa or failure in 
trypancaomiasia eradication or control schemas ooneidered as integral parts cf 
develcpment plans, espacially in the context cf new trends resulting from the emergence 
of independant African nations, 

Ne MISSION bas ao !ar been fcrmed nor does there aeem to be any likelihccd that 
auch a body will appear in the immediately foreseeable future, 
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Bearing theaa daprasaing facta in mind, becauae they are true ecological limiting 
faotora, my suggestions {for soma of the mora obvioua linas vhioh raquira further 
raaearch) in the savanna zones aret 

1. Prolonged investigations on the affecta cf fire, grazing and brovsing on a11 typas 
of aavanna country ranging from freshly fellad 'forest land being prepared for oultivation 
to open, long-astablished grasalands. 

L. Cook (in Phillips 1965) giving a brief description of soma graaeland burning 
experimenta carried out over a period of 30 7aara at Frankanvald, the University of 
Witwatersrand experimental farm in the Tranevaal in South Afrioa statad that aftar 
30 years, the greatast alteration in the composition and quality of the vegetation vas 
in the control plot vhich had baen protacted from fira. There vas mora bara ground 
betvaen the tuaaocke and thare vara more dicotyldona present. In the plots that had 
been burnt annual17, there vas practicall7 no change - indicating th&t annuel burning 
had kept thaae plots in a stable condition. 

Uaing the vords of Phillipa, despite the dresd danger of burning vhen it ie 
feckleas, vanton, casual or accidental, there are great possibilitias for ite usa sa a 
tool in the management of the aavanna regions of Africa and thesa poasibilitiea require 
muoh more study in the future, particularl7 the timing and frequency of burning in local 
environments. 

2. In order to gain a better underatanding of the reactions of the planta themselves 
to the different disturbance factors mentioned above, more intensive vork on their root 
ayatama ia required, 

A great deal has bean dona on the root s7stams of planta in America (Waaver and 
Clements 1938) but very little has been osrried out in tropical Africa bayond the vork 
of Glover (1950-51) in the Somaliland Proteotorata and more recently in Kenya by offioera 
of the Eaat Afrioan Agriculture and Foraatr7 Organization. It has been found that 
varioua planta have different typee of root B7atema adapted to -the naede of thair 
partioular niche in t~e environment, Seme are daep-rooted, ethere have ahallov recta 
vith a vida lateral deva1opment and 7et ethers have beth deap roota and ·v~da17· davaloped 
lateral onea. 

According to Gvynne (in Davias and Skidmore 1966) a careful atudy into the degree 
of grass root activity vithin the top 4 fest of soil ia urgantl7 naadad and into the 
role of the deeper roota undar conditions of adequate vater a~ply and in timea of drought. 

Further, the importance of variabilit7 of aoil depth and the rooting habita of 
grasaland planta in datermining the apaoies composition of these grasses ia just beginning 
to be realized. 

In addition, Gvynne aa7a that more vork on the phyaiology of grovth of tropical 
grasses vith particular reference tc root development and the affecta of vater etresa 
should be a high research priority. 

Dougall and P,B, Glover (1964) made chemical anal7ses of Themeda triandra Fcrsk, 
and Cyrodon dsctylon (L) Para, at different etages of grovth after burning and moving 
and demcnstrated that the green leavea ct Themada triandra are a better source of protei~ 
calcium and phosphorus than aither the clder or bulked foliage cf that plant. This ia 
one of the reasona vhy beth vild ungulates and stock prefer to graze freahl7 ahooting 
grass atter a burn than that in the taller more mature svard, 

Theretore the atudy cf the nutritive value ct important grazing and brovse planta 
is a very profitable tield tor turther researoh. 
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3. Another aspect vhioh requires oloser investigation is the use of land for 
subsistence agriculture vhen it could be put to far better use as rangeland for the 
production of meat and milk especially vhen it lies bars and unproteoted under the hot 
desiocating sun tor menthe in the year folloved by flash floods that reeult in erosion 
during the rains. 

4. The poseibilities of using all suitable parte of the savanna regions to the beat 
advantage should be investigated in detail on the folloving linas• 

(a) by mapping vegetation and soilsJ 

(b) by seleoting and looating grazing areas1 

(c) by vorking out a general polioy for the proper use and conservation of 
grazing land including wet and dry season alternation of grazing and the use 
of ewamps for both pastoral and arable purposes. Research into the traditional 
tribal movements might be rewarding in this context based on trial and 
errer experienced over countless yearsJ 

(d) by introducing methode of pasture improvement and management with special 
reference to stock oarrying capacities in different conditions of climats 
and soilJ 

(a) to inveatigate and improve water resouroes and requirementa when these 
are neoessaryJ 

(t) tc investigate the possibilities of integrated pastoral and arable land 
use in areas vhere it seems feaeible. 

5. The conservation and use of wild lite reeources must be studied as an integral 
part of savanna reeearoh. 

This work must include management plane for national parka and game reserves to 
ensure the preservation of varietY in the habitat by controlling bush !ires and regulating 
the numbers of different species of animale to the carrying capacities of the regions 
conoernad. In seme national parka, auch as Tsavo in Kenya and Murohison in Uganda, 
overstocking of elephant ooupled vith unoontrolled fire is bringing about disastrous 
changes in the habitat. The same is starting in the Serengeti. 

The causes of suoh situations and possible remediai measures require urgent 
investigation. 

The control and proper use of existing wildlife resouroes is perhaps the most 
pressing problem facing Africs today spart from human overpopulation. 

Before the introduction of domestio stock and the intensified agrioultural aotivity 
that folloved, the semi-arid arasa of Africa vere comparatively stable ecologioally 
although they supported large herds of wild ungulates, but because of extrema fluotuetions 
in rainfall distribution, high temperatures and eparse distribution of water these arid 
areas are vulnerable to desolation by desiccation and erosion undar oontinued in oontraat 
to periodio shifting stocking. 

Sir Julian Huxley, vriting in 1961 on Central Africa, observed that a large 
proportion - probably over a third of the country - consisw of marginal land that 
oonstitutes an ecologioally 1brittle 1 habitat which readily deteriorate ·and loess 
produotivity under oultivation or the least degree of overgrazing. 

Fraser Darling in 1960 and Ledger in 1964, have demonstrated that vild animale 
under 'naturel' conditions are normally in a etete of comparative balance vith their 
habitat beoauae they have a vide range of feeding and other habita, so that among the 
different species each one fits into its own 'niche'. 
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Purther, Ledgar aheved in 1963 that the oaroasa composition of vild animale hsa 
advantagee over that of domastio stock beeausa vild animal& have a larger proportion of 

· rad meat par unit of oaroaae. 

Daaaman in 1961, atudied the commercial production of gama meat and inooma in 
Rhodesia and elaevhere and found it both feaaible and profitable. 

This information indioatea that vild animale must be studied not only in relation 
to their aoientifio andaésthetio intereat and their impact on agrioultural aotivitiea, 
but from the point of viev of red meat production as an economie asaet to the oommunity. 

I reiterate, tha conservation and management of vildlife presenta tvo of the most 
pressing problems faoing Afrioa today. Indeed they are inextrieably linked, beoauae the 
aquilibrium of the habitat ia fundamantally dependant on the naturel tauna and flora 
- they muet be presarved at all costa even in the face of inoreaaing human population 
preaaure and the oontinuoua economie competition oaueed by eo-oalled 1 davelopmant' 
inoluding the introduction of 'better' bread& of domestio atook. 

To reoapitulata - the linea upon vhioh future reaearoh must be based must enable 
administratora to entoroa the knovledge availabla, supported by propagande and education 
to oonvinoe the people oonoerned ot the evile ot mismanagement. 

In the new approaoh to proper land usa, education will have ta be on three 
levelal 1) that of the people ot the landJ 2) that ot the upper administrative eohalona, 
and 3) that ot the leading politioiane. 

To ba ettaotive, this new approaoh will hava to be oarried out by exemple and 
demonetration in the field as vell as in the olasaroom and strict discipline .will hava 
to ba entoroad. 

The tima ie nov long past tor the oontinuanoe ot repeated miner reaearoh projeota, 
beoauee there ia a great volume ot information available tor constructive action to be 
taken in the conservation ot the taat veniahing naturel habitats· of Atrioa vith their 
unique flora, tauna and stock produoing potential. 

Pinally1 a more enlightened underatanding ot game/atook management ia urgently 
neoeasary and a new veterinary approach ia needed to reoogniae the great potentiel that 
lièa at band if it is properly used - deepite the protesta of the 'old guard' of 
veterinariana, aome of vhom etill olaim that the only~od vild animal ia a dead one and 
if vild ungulatea have to be preserved, they muet be kept behind a barbed vire 
entanglement vith a ditoh in front ot it. 
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GRASSIJ.ND ECOT.OQY IN RELATION TO CONSERVATION 
--ID DEVELOPMENT OF THE SA VANNA HABITAT -· . -- ' . . - ' .. 

PROBLEJ.!S IN THE DEVELOPMENT OF SAVANNAS 
OF EASTERN AFRICA 

Y. Sa. tyanara.yan 
E.P.T.A. Regional Ecologist, Ethiopia. 

LAI SF/SD/66/10 

A grea.ter part of Eastern Afrioa. oan be grouped under the broad term "savanna." 
which includes a oover of varying densi ty of woody vegetation ra.nging from dense 
woodla.nd through many types of wooded gra.ssla.nd to semi-desert dry bush, Talbot (1964) 
estima.tes tha.t three-qua.rters of central and eastern Africa are covered by savanna. 

At the outset, it may be mentioned that pasture resea.roh workers in East Africa 
do not a.ccept terme like "sa.va.nna." and "steppe" as defined a.t the Yanga.mbi Conference. 
As ea.rly as 1943, Greenwa.y observed tha.t the word "savannah" as oommonly used wa.s only 
to denote gra.ssiness, and rejected the term as a South America.n one, seldom oorrectly 
a.pplied in East Africa. and too much a.bused to be any longer of service for exact 
purposes. At the Second Conference on Raising the Productivity of East Africa.n 
Rangelands (1965) i t wa.s proposed that the term "sa.vanna" as defined by the Yanga.mbi 
Conference should usually be replaced by "Wooded tall grassland" or "Uooded medium 
gra.ssland11 and 11grass savanna" by 11 tall grassland" or 11medium grassland." However, 
severa.l ea.rlier workers auch as P.Sermolli (1957) and La.ngda.le Brown (1964) have 
distinguished sava.nna. types of vegetation in East Africa. In this paper, the term 
savanna is employed in a bread sense, as a "tropical formation where the grass stra.tum 
is oontinous and important but oocasiona.lly interrupted by trees and shrubs; norm .. lly 
burnt from time to time; main growth period oorrela.ted wi th the rainy season" 
(FAO staff, 1965) 

Basic research in various fields of development and conservation of savanna 
lands of Eastern and Central Africa has been in progress for more than three decades, 
Studies on the various aspects of savanna environment have made substantial progress, 
Considerable soientific etudies and field work in game and range eoology have been 
accomplished by visiting scientiste from various international agenoies, A brief review 
of the problems and the progress so far achieved is presented hers. 

In general the balance between grasses and woody vegetation in the savannas of 
Eastern Africa can be described as being unstable, The main modifying factors which 
affect the grasslands are fire, grazing and browsing-by domestio livestock and wild 
ungulates, and the encroaohment of bush, The balance is sufficiently delicate to pose 
a major problem of range management of both livestock and wild ga.me populations. 

Although a wealth of material is available on livestook, its production and 
grovth, grazing habits, food and water requirements, very little datais available 
on vegetation, range condition, ca.rrying oapacity of the raneelands and the importance 
of shrubs and trees in ma.intaining soil fertili ty and animal producti vi ty. 
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The removal of vegetative oover by fire 1 grazing and trampling exposes the soil 
surface to desiocation and erosion, Favourable patterns of surface infiltration, sub­
soil percolation and perennialstream flow from the catchment areas are replaced by 
surface run-off1 flash flows, and reduction of dry season flow, This destruction is 
already wides]?nlad in East Africa and is worsening as a re sul t of increase in human 
and livestook populations. 

Fire as an ecolof!ical factor 

Fire is the major eoological factor in East Afrioa, where there is hardly any 
vegetation below an altitude of 61000 ft, that is not sffected by it. Praotically all 
ssvsnna types of vegetation in East Africa are subjeot to frequent grass fires, the 
severity being proportionsl tc the height of grass, 

Many of the woody oomponenta in the savsnnas are fire~tolersnt, Trspnell and 
Langdsle Brown (1962) divida them into two olaesea1 (i) thc.se whioh 1 allowing for 
the obvioue opening affects cf repeated burning, appear at the aame time to be original 
in tha aenae that they show no evidanoa of having replaoed a pravioua vegetation cf 
different oompolition1 and (2) various seoondary or darived typas of aavanna whioh 
ara ahown by remnant speoias to have replaoed a previoua cloaed type auch aa foreat 
and thickat, At present thil distinction oan ba drawn between soma of the aavanna 
typai in Ugands and Kenya but there ia ahortage of evidence on the varicus aavanna 
arasa of Tanganyika, 

Fira il an excellant tool for bueh control, if it is possible tc burn only 
whan desired, It ia extremely diffioult to pravent aooidental or inoendiary fire1, 
In East Afrios1 most grassland areas are burned over annually and it 11 reportad 
that Afrioans burn range land for a number of ressons and aometimea for no resson 
at all, l!eady (1960) hss summarised the various ressons for burning in East Africs. 

l, Burning prevents the encroaohment of bush· speoies into grassland as demonstrated 
by several e~periments in East Afrioa, under vsried olimatio conditions. Acoording to 
Enlow (1961)' burning is praotised as a bush control measure 1 the intervening period 
being three to four years. The numerous grazing sohemes suggested for Kenya stipulate 
the burning of pastures in rotation every fourth yesr, Brown (1959) who oonduoted 
a survey of the vsrious grazing sohemes in Kenya has emphaeised the need for a burn 
avery three yesrs, psrticularly in the Themeda grassland areas, l!e found that in the 
absence of fire, the bush problem inoreased enorrnously on Esageri. Of the 21 000 &ores 
of bush ringbsrked and a further 11 500 soree bulldozed between 1946 and 1949 1 no trace 
Y&l found at the time of the survey, thst the work was ever oarried out, 

2, Burning is praotised to obtain a more desirable epeoies composition of forage 
planta, Edwards (1942) found that Themeda triandra disappeared with complete protection 
~m f1r1 1 &nd also that it vas eliminated by overgrazing without fire. If tires and 
sr••ing are prevented, the grasses soon lose viseur because they have to oompete with 
an increase of herbaceous speoies, the growth of which is no longer ohecked by burning, 
Suce asion then proceeds until eventuslly, a bush association is formed from whioh the 
palatable grasses are praotically entirely exoluded, With heavy unoontrolled grszing1 
the sucoeaaional trend is similsr except that erosion is generally more severe due to 
the destruction of the grass cover, 

3. Burning is also resorted to improve the qu&lity of forage beoause grass burning 
stimulates growth out of season, In Ankole (Uganda) grasslands are sometimes burned 
twice a yesr, to indues a flush of young growth 1 highly valued by herdsmen, and frequently 
grazed bare, It is wall known that foraging animale are attracted to newly burned 
areas and they utilize that part of a pasture whioh ia burned and leave the unburnt 
part ungrazed, 
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4• Fire is also employed to drive ga.11e and to control undesirable animale suoh as 
tsetse, rats, snakes and nesta of harrnful birds. 

5. Ash produced by a fire is considered to have a fertilizer affect which produoes 
vigcrous growth and greater forage production. The dangers of uncontrolled bush fires 
stem from the fact that the soil ie often left in a highly erodible etete imrnediately 
before the rains, which may wash away the ash, before it can be incorporated in the 
soil or absorbed by the plants. Basides, fire has other fsr-resohing effects on the 
eoil by excessive heating of surface layera and reduoing the moisture and humus content. 

However, there are several bush species that are not killed by fire. There are 
also several coarse tussock grasses which cannet be eliminsted by burning and mowing 
and their control can be assured only with cultivation for one to three yesrs. Studies 
are essentiel to determine the role of these tuseock grasses in the course of plant 
succession and of the factors that lead to their increase and rnesns of their control. 

Edwarde {1942) points out that where an ares of tall grass ie proteoted from both 
fire and grazing for any length of time, a hot burn may destroy valuable grasses and 
result in a stand of undesirable vegetation, Thornton {1960) has demonstrsted that 
fierce grass fires, if csrried out at the end of the dry season, just before the reins 
break, oan be useful in bush control, although auch fires reduce grass production in 
the subsequent yesr, Experimenta in Ugands have shown that burning esrly in the dry 
aeaacn encourages bush encroaohment as do cool burns where insufficient burnable grass 
msterial is present, It is conceded by many workers that burning dces have a place in 
the control of bush, But the fact remsins that burning only "controle" bush enoroaohment 
and does not eliminate the fire-resistant speciee, whioh are oontinued to be maintsined 
at low levels, and which inorease when there is no further burning, Therefore, the use 
of fire has to be oontinuous and has to employed with oare and knowledge, It has also 
been observed that wide-soale burning partially aooounts for the pauoity of leguminous 
speoies in savanna lands, Desmodium, Indigofera, Tephrosia, Tersmnus, Glycine, Crotalaria, 
Alyaicarpua, Rhynoosia and other legumes ocour more frequently after protection from 
burning for several seasone, 

Much rernains to be learned about the use of fire in the management of grasslsnds, 
The affects of fire on vegetation are determined by intensity, frequency and time of 
burning, Experimental data on burning in East Africa are lacking and more data should 
be gathered before definite burning practioes can either be condemned or recommended, 
Work is also needed as to how frequently an area has to be burned to control the different 
bush speoies, before grazing schemas incorporating burning are designed, Such data is 
needed for long-term effeotiveness, beoause the grazing schemas have to provide not 
only for grazing1 but for continued grass vigour and for control of the pernioious species, 
It is also necessary to determine grazing intensities and patterns where grasslands can 
be maintained in good condition under light or moderate grazing without forage being 
deatroyed and wasted by burning, as it has been pointed out that burning is exrensive, 
due to losa of any returns from grazing, becsuse it is generally necessary to aocumulste 
a full yesr's growth of grass in order to have a fire hot enough to kill bush, so that 
period plus the time for regrowth after burning representa a losa of revenue from the 
rsngeland, Suitable techniques for ha.ndling fires have to be ascertained as also the 
oost and returns of burning in cooparison with alternative procedures. 

Pratt (1966) has emphasised the resistance and tolerance of bush species to fire 
and the importance of recording fire temperatures at various heights. For the present, 
one has to reluctantly agree that under the existing conditions, sorne use of fire is 
probably desirable in grassland management. In prinoiple, however, one has to oppose 
burning, as over the years, it may do more harm thsn good by the destruction of vegetative 
cover and setting the stage for losa of soil fertility. 
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Bush Problem 

Thick and regenerating stands of bush oonstitute the major problem of the savanna 
lands of East Africa. Fbrage and livestook production are greatly limited by bush, 
partioularly in the semi-arid zones. There are several pernioious shrub and tree 
species that are in general resistant to fire and drought, put on exceptional regrowth 
after breaking, spread.rapidly by rhizome or seed or beth and are very persistent. The 
list of suoh troublesome species is fairly long, but the worst cnes are Acacia brevispioa, 
A. drepanolcbium, A. hockii, A. sene&al, A. seyal, A. mellifera, A. pennata, A. orfota, 
speoies of Combretum, Commiphora, Lantana, Solanum, Dicrcstachys glomerata, Euclea 
divinorum and Tarchonanthus oamphoratus, 

Bush control has been attempted for various purposes auch as controlling the 
tsetse fly, preparing land for cultivation, increasing production of indigenous grasses 
and to imprcve the habitat for certain game species. The problems of bush and its 
control have been thoroughly reviewed by Heady (1960) and Bentley (1963), Africans 

· eradicate bush by hand slashing wi th panga or axe and hand stumping, Mechanical control 
of bush has been attempted by bull-dozer, ohaining, the Holt-Breaker and the Gyro-mower, 
In general, mechanioal bush eradication is toc expansive for general use, Rand clearing 
followed by burning appears 1obe1he mostpractical and eccnomioal control measure, 
However, the labour involved in hand clearing of bush is considerable, Trials among 
the Suk are reported to have shown that one man working 4 to 5 hours per day could 
clear two acres per week or lOO acres per year, in a manner sufficient to permit 
regeneration of grass ocver, The a.rea thus cleared might be capable of carryin~ 
10 to 15 stock unite which in turn might support 2 to 3 people. In the Yattae (Kenya) 
it ie reported that as many as 20 to 25 mandays are required to clear an acre of bushland 
(IBRD, 1966) · 

Bentley (1963) considera Holting to be an ineffective removal method, Pratt 
(1965) however, states that in Kenya, the Holt IX bush breaker has proved useful to 

· provide the initial knook-down, It was, however, found essentiel to sow grass on to 
the oorrugations and to burn subsequently in order to control the inorease in seedling 
trees whioh follows Eolting, If suffioient grass still existed under the bush cancpy, 
it was possible to use fire at the outset, without mechanical pre-treatment, 

However, little experimental data are available on the relative effeotiveness 
of different mechanica.l control techniques in era.dicating different bush speoies, nor 
have any follow-up procedures been devised to malltain a grass oover free of bush, 
periodio burning still being generally reaorted to, to keep the woody planta from 
growing tall. Where lands have to be clea.red solely for forage production, high costa 
and quiok regeneration of bush exolude the large soale use of meohanical control, 
It has been su~geated that re-enoroaohment oould be prevented by reaeeding of the 
clea.red areaa (Naveh, 1965). · 

Chemical control of bush has been attempted in East Africa since 1936, with 
the principal objective of changing the habitat and thereby eliminating the tsetse, 
the oommon ohemioals employed being Arsenio oompounds. Arborioides have been attempted 
sinoe the Second World War, the most oommon cnes being 2,4-D and 2,4,5-T, Resulte 
have not so far been enoouraging in East Africa, exoept in a few isolated cases. Muoh 
more basic work is needed with different arboricidea on different apeoiea, One of the 
important factors governing the use of arborioides is that there are only few daye in 
a yea.r, Wh@n conditions are optimum for the application of arborioidea, when killa over 
95 per cent can be expeoted. Applications of arborioides have ao far been ma.inly by 
hand to the bele of the plant, either frilled or unprepared and to stumps, frilling 
generally giving better re sul ts. Muoh more experimental work needs to do ne on the 
application of arboricides to the foliage, particula.rly to young growth of seedlings 
and sproute. The economies of aerial spraying have also to be worked out, especially 
when large areas have to be oleared of bush. Chemical control will not be succesaful 
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unless the environmental re~uirements and growth char~cterietios of the various epecies 
are first determined. It is aleo important that complete and detailed life-history 
etudies should be oonduoted on the important bush species, particularly to determine 
the oritical periode in their life-oyole, whioh are euitable for destruction, whether 
it be by fire, ohemicale or other meane, 

Value of Browee 

Ea.et Afrioa has a wealth of indigenoue trees and ehrube, chiefly of the genus 
Aoaoia, whioh playe an important role in maintaining the plane of nutrition of wildlife 
and domestio stock, In eome osses, the foliage has good browse value. Others produce 
valuable pode and seeds while soma are prized by Afrioans for the value of bark as 
animal feed, Dougall and Bogdan (1958) and Dougall, Drysdale and Glover (1964) have 
provided ade~uate evidence of the wealth of indigenous vegetation that is at present 
a potential source of food for wildlife and/or domastio ruminants, 

Observations have also been conduoted on the browse habite of cattle and goats. 
Sorne of the browse epeoies contain as much as 30 per cent crude protein and a small 
intake of these, can oontribute oonsiderably to the total protein intake, particularly 
when the grass oover is low or absent. Payne and MacFarlape(l963) found in Tanganyika 
that during the dry eeason, browse oan comprise a eignifioant part of total intake 
and that when browse is plentiful, oattle est it readily. Payne (1963) further 
observed that when oattle have a limited amount of time available and browse ie not 
plentiful, they will epand. a larger proportion of their available grazing time filling 
themselves with what grass is available, rather than eearching for browse; whereaa 
when browse ie plentiful, they will eat it readily as they do not have to spend time 
looking for i •• 

In a survey of the grazing schemas opera ting in Kenya, Brown (1959) has, 
however critioized the view that where browse feed ie available in quantities greater 
than fodder, browse might be utilized in place of grasses. It was noted on the 
grazing schemas that oattle ceased to browse as soon as a minimum quantity of grazing 
was available, and did not dq eo from choice, in spi te of the excellent feeding value 
of most browse speoies, He concludes that it would be both uneconomic and unnatural 
to attempt to utilize browse alone except when sta.rvation point has been reached. 

In several areas in East Africa, the present day herbaceous cover provides little 
by way of fodder, whereae the indigenous fodder trees provide considerable feed, 
particularly in periode of drought. It should be emphasieed that grass is pivotal 
and fodder trees could only form an essentiel supplement, Better knowledge of the 
utili~ation of browee speciee and their contribution to the nutrition of wildlife and 
domestic animale will be of considerable help to range management workers. It has 
been recently propoeed that etudies should be undertaken to establish the relationship 
between intake of ehrubs and grasses by animale in the semi-arid areas of East Afrioa, 
to evaluate the edible shrubs as a source of feed to animale at various times of the 
year, to determine the potentialities of various animale to subsist on browee and to 
assess their ability to control bush. 

Grazing Problems 

Payne (1963) has drawn attention to the very large increase in livestock 
population in East Africa, particularly in Kenya, where the livestock population haa 
increased far more rapidly than the human population. Due to the une~ual distribution 
of livestcok population, problems of both undergrazing and overgrazing are reported, 
In Uganda, the naturel graeslands over large areas of the country are understocked 
for most of the year and so deteriorate in feed ~uality resulting in much wastage. On 
the ether hand 1 overgrazing of some plant cornmunities acta both directly by repressing 
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herbaceous growth and denuding perennial grasses and indireotly by the consequent 
reduction in the intensity of annual grass fires, As a result 1 there is an inorease 
in fire-susceptible shrubs whioh appears to have a drying effect on the eoil and causee 
further reduction in ground oover1 soil oompaction, inorease in run-off and sheet 
erosion, Thus the development of bush from savanna reflects the onset of more arid 
oc ndi tio ns, 

In Uganda1 due to overgrazing, species of low grazing value invade the grass­
lands, One of them is Cymbopçgon efronardua, a fire-reeistant 1 unpalatable speoies 
whioh forma the first step in a secondary succession towarda thicket, Work in Uganda 
to date has shown that C,afronardus oannot be eoonomioally oontrolled by the use of 
available herbicides such as dalapon1 paraquat, and amino-triazcle and that there 
are serious difficulties of application as the chemicala are at leaet equally effective 
against desirable grass species, 

Large grazing acharnes have been in operation in Kenya, oovering 11 1 850 eq.milea 
or 71 589 1 000 acres on whioh different systems of range management, grazing control 
or grassland rehabilitation have been applied, The three principal aohemes are (i) 

·• one herd1 four paddocka1 and three grazing periode, (ii) one herd, five paddocks and 
four grazing periode, and (iii) three herde, four paddocks and yearlong grazing, In 
faot, for improving impoverished graeslands1 any deferred rotational system would 
be suitable (Pratt, 1964), The preservation of over 101000 sq,miles of grazing land 
vith limited staff, often dealing with a recalcitrant and reaotionary population, a 
minimum of capital and in hard country vith indifferent communicationa is1 in itaelf 
a gigantio task and even if the problema of overstocking and marketing have not yet 
been overoome 1 in nearly all oaaea, erosion has been halted and denudation of vegetation 
prevented. 

The majori t;y of the se schemas were on land whioh had been badly used and there­
fore, land rehabilitation measures took prsoedenoe over livestock management, vhioh 
itself reoeived very little attention, Most of the eohemes have had to adhere to a 
rigid pattern, Carrying oapaoitiea were laid down arbitrarily, Encroachment by 
unlioensed people resulted in considerable overgrazing, vith perennial grasses in 
many looalities being replaoed by ooarse annual grasses, and some areae almost oompletely 
denuded of grass, Lack of grass, vhioh serves as a tinder for fires made it diffioult 
to carry out the necessary burning to keep down the bush, Attempts to combat bush 
by eettling people who were allowed to keep only small stock that vere erpeoted to 
browse on bush also seemed to have failed, Bush infested b;y tsetse fly hae made 
steady enoroaohmente (Brown, 19591 IBRD, 1966), 

Naveh (1964) feels that in man;y grazing and development sohemes in East Afrioa1 
much effort was spent on attemptinB to euperimpose modern concepts of animal husbandry1 
range management, and improvement on disrupted pastoral subsistance economies, and that 
these attempts ueually failed because they were not combined with a psrallel effort 
for a basic change in the whole sooio-econornio set up, 

The principal diffioulties in the grazing schemes are: (1) Graziers find it 
diffioult tc aooept the ides that ~ivestook numbers should be kept fixed irrespeotive 
of annual fluctuations in olimatic and grazing conditions; (2) A tendenoy to sell a, 
diaproportionately large male stock and to keep as many cows as possible to msintein 
the supply of milk and to assist in a rapid reconstitution of the herdst resulting 
in an inorease in immatures, for vhich no ready market can be foundJ (31 A tendenoy 
to beoome sedentary without having to move the stock over vast grazing sohemes, from 
one paddock to another and a growing demand for replacement of grazing schemas by 
individual holdingsJand (4) A general resistance to destocking and grazing controle. 

· .•, · I\.,has to ··be demonstrated that a lower ratio of cattle to grazing land will 
aotàall;y produce a hieher income per acre, The number of cattle must presumabl;y be 
allowed to fluctuate from year tc year1 so as to enable people to save cattle for sale 
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during ;years of harvest failure, People need to be oonvinoed rl th the help of their 
own politioal leaders that control over livestook ia neoessary to prevent overgrazing, 
In arder to enforoe a sound destooking plan, aoourate data should ba oollaoted on the 
number and composition or livastook harda and flooks, on the rate of inorease and 
mort ali ty and on the annual ta.ke-orr, 

Crop Production 

Unfortunately1 there is very little data available on orops and cropping patterns 
of the savanna lands. The savanna lands of East Afrioa, of whioh the Themeda.-H.yyarhenia 
community is a typioal and extensive example 1 are beat suited for grazing1 vith the 
exception or local situations near the upper rainfall limita, vith favourable soil and 
moiature conditions, vhere orops are suocesstul, 

The short oropping season1 imposed by the variable rainfall patterns ma.kes it 
imperative to adopt early-maturing food orops and early planting and timely weeding 
praotioes, Orig1nally1 the Afrioans had grovn moatly sorgnum and millet whioh mature 
more quiokly than maiza, but these have nov largely gene out of oultivation beoauae 
they were partioularly susceptible to bird damage, vere rather low-yielding and had 
to be laboriously pounded into flour (rather than meobanically ground) before they 
oould be used for food, 

Crops are planted in pure stands only on about 25 par cent of the oultivated 
land. On the rest of the land, generally mixtures of two or more cropa are grown, 
l!y far· the most popular of the orop mixtures is maize and pulaes, prinoipally be ans 
and pigeon peas, This mixed farming is probably due tc the Afrioan's beliet that 
mixed oropping yields a higher output par acre than planting in pure stands. Mixed 
oropping is benefioial to a certain extent in that it produoes a dense ve5etative 
oover1 and apparently reduces somevhat the burden of weeding and the loss of soil 
moisture by evaporation, Above all 1 the mixing of orops is designed to reduoe the 
risks in the lover rainfall areas, 

Exoept in the high potential areas, yields are generally very lev, Moreover1 
they vary markedly from season the seaaon and in aocordanoe wi th olimatio oondi tiens, 
'l'hus the average yields of maize1 vhiob oooupies about half the oro.pped ares, may 
range from lesa than one bag par acre in a poor ;year to five baga or more in a good 
year, For instance, in the Maoha.kos district of Kenya, during the period 1943-19631 
maize had to be imported for 15 years1 7 of vhioh vere oonsidered severe famine years, 

Sinoe the longer-maturing maize is more susceptible to drouehts, efforts vere 
made by the Department of Agriculture to introduoe quicker maturing varieties suoh 
as "Taboran" and "Katumani synthetio", Hovever, these varieties have oharaoteristics 
whioh have prevented their ready popularization, lfl1ile they give yields superior 
to that of local maize, vhen the rainfall is poor1 the local maize varieties showed 
greater yields in seaaons of higher rainfall. Taking good years and bad years over 
a suffioiently long period1 the improved varieties do give a greater output. 
Unfortunately this vas diffioult to demonstrate to farmers because the introduction 
of improved varieties ooinoided vith a time of abno~nally good rainfall, It was also 
diffioul t to prevent the admixture of' new se ad wi th that of indigenous maize, 

Time of planting also influences orop production, Experimente in Kenya in 
1960 shoved that sorghum yields vere 1,500 lbs, par acre when planted in the dry season 
before rains, but only 11100 lbs, and 700 lbs, respeotively when sown 4 days and 7 days 
after rains, Similar vork by l!ennison at Katumani researoh station showed that yields 
of Taboran maize fell from 1,761 lbs. and 1,362 lbs, when sovn in the dry season, prier 
to rains to 11 049 lbs, and 851 lbs. rEspeotively, when sown 6 daye after the first 
heavy rains. The African farmer is often unable to resort to early planting, beoause 
of the hardness of the ground, weakness of the oxen 01<ing to poor available grazing1 
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and the necessity for replanting, if rains failed, requiring more seed, The use of 
implemente like hoe makes it more difficult for the farmer tc plant all his crepe in 
time. The period of arduous land preparation often tends to run into or even overlap 
with the subsequent period of weeding, both of them oonstituting a bottle-neok 
resulting in poor standards of oultivation. 

Laok of proper crop rotations is another factor limiting orop production, Fallow 
land is much harder to break up than oropped land, Moreover, wherever land is oropped 
twioe a year, the selection of a proper orop sequence is important in avoiding the 
overlap of agrioultural operations. Fbr instance, the harvesting of late orops auch 
as pigeon peas, of one season can and does delay the preparation of land for the next 
season 1 e crops. 

In general; the integration of agriculture and animal husbandry has not attained 
the ideal state, While the importance of fertilizers is realized by the Afrioan farmers 
their oost generally~reoludes their use, 

Role of Wildlife in Savannas 

In any study pertaining to the conservation and development of savanna lands 
of East Africa, the role of wildlife is of great importance and has tc be oonsidered 
in relation tc the problems of domestio livestook. Fbrage 1 water and oover are basi:o · 
requirements for beth wildlife and domest1o animale, In East Afrioa, almost all the 
National Parks and Game Reserves are situated on range lands, and, therefore, game 
ecology - the oonsumption of forage by vild animale, the affect of grazing both by 
'nildlife and domestio animale on the existing vegetation are important factors, to be 
considered in savanna development. 

Wildlife is always a potential source of revenue from tourism and hunting, 
Initial short-term etudies have revealed a high meat production potential of vildlife 
and the extensive possibilities of its commercial exploitation as an important protein 
source. 

The problem of grazing large herds of livestook and the management of wild animal 
populations differ considerably in the two bread eoological zones found in East Afrioa. 
In the open grass plains, there exist very large migratory herds of wild grazing animale 
whioh ehare the forage and water with innumerable herds of livestock owned by pastoral 
tribes. In the second and more extensive ares, dominated by varying densities of woody 
vegetation, loosely defined as "bush", the greater part of which is infested vi th 
tsetse fly, there are large populations of wild animale, which for the most part are 
lees migratory, than the game in the open plains, Whereas the vild herbivores are 
adapted to their environment and make highly efficient use of 1t, the overatooking of the 
the plains with domestio stock oonstitutes the most serious and vide-spread land-use 
problem, that affects muoh of the tsetse free eavanna areas. Overgrazing by domestio 
livestock has alec lowered the carrying oapacity of seme of the eavanna lands, hitherto 
exolusively oocupied by wild animale, 

Preliminary etudies of vildlife habits have ehown that various species of vild 
ungulates have different and complementary diets, Where several speoiee of vild ungulates 
feed together, they utilize the available mixed vegetation in a very efficient mannar, 
It has been suggested that a study of the ecology of game animale may show that seme 
may be beneficia! to the maintenance of pasture and also that acme are capable of 
utilizing the soanty rainfall and offer a source of meat in areas unsuited to the 
development of domestio animale. Fbr instance, animale auch as giraffe survive mainly 
on shrubs and trees and compete but little vith domestio stock in the utilization of 
herbaceous vegetation. 
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Present knowledge indicates that combinations of wild ungulates or of wild 
ungulates and domestio stock .will make far more efficient use of savanna lands than 
will oattle alone, Sustained produotivi ty of the savanna lands oan, therefore, be 
aohieved, by the proper management of wildlife and domestio stock together, and this 
produotivity may often be higher than whioh oan be obtained with domestio liveatock 
alone. · 

The rapidly aooelerating human and livestook populations in East Africa have 
led to a progressive restriction of wildlife habitats through inoreased land being 
brought under oul tivation and grazing re sul ting in· the restriction of wildlife into 
restrioted areas suoh as Parka and Gama Reserves, On the other hand, due to the 
elimination of predators and reduction in poaohing and ether depradatory aotivities, 
there has also been considerable local inoreases in the numbers of wildlife, resulting 
in a severe competition for feed and fodder and oooasionally their enoroaohment on 
agrioul tural lands, There is thus an urgent need to control the numbers of wildlife 
as an essentiel part of game management, wherever overpopulation and habitat depletion 
have ooourred. In faot, it·is beoause of this explosion in wildlife population, that 
game oropping and wildlife harvesting have been initiated in the oountries of East 
Afrioa, to aohieve soma sort of control in the numbers of wild animale, Rational· 
long-term utilization of the natural resouroes of savanna lands has to be based on 
the sustained ;rield of a population whioh.is in balance with its habitat, 

Researoh work is needed to detins population dynamio·s, food habits - preferred 
and second ohoioe diets, movement patterns, and.management teohni~ues of the eoonomioally 
important ungulates of Eastern Afrioa, as a basie for determining management polioies 
and methode for National Parka, Gama and Fbrest Reserves and for gama oropping sohemes, 
Studies are also needed on the diseases of wildlife with partioular refe~enoe to 
transmission between wildlife and domestio stock, because preliminary etudies oonduoted 
so far indioate that the wild herbivores suffer from a number of diseases of viral, 
protozoal and bacterial origin, soma of which are oapable of inter-transmission to 
domestio livestook, 

Sooiologioal Problems 

It will not be out of place to dwell briefly on the human problema, Afrioans 
have been grazing cattle, sheep end ether animale for generations without regard to 
the oondi tion of the grasslands, erosion or the gradual disappearance of water supplies 
through rapid run-off, It is also ·diffioult for them to understand the advantages of 
any "system" of handling livestock, Other factors which come in the way of planned 
management are traditional ownership and land usage, failure or lack of incentive to 
turn oattle into an eoonomio assat, holding of liveüto~ for purpoees of prestige and 
for bride priee, lack of permanent water sources, insuffioient land, remoteneas from 
markets and lack of marketing systems, resistance to destooking, laok of knowlsdge to 
conserve fodder or prepare silage for dry season use, a general disregard for animal 
welfare and prom1souous and unregulated burning of grasslands, Some of these are deep 
seated 41ffioulties which have the~r roote in tradition and for which there. appears 
to be no immediate solution in sight, as in general the Afrioans' oustoms, traditions 
and beliefs resist change. 

The encouraging feature of the grazing schemas in Kenya is that in general, the 
Atricans who have partioipated do recognize the faot thst oattle make better growth 
when there is ample grass, There seems to be little doubt thst with patient and 
understanding leadership, a knowledge of tribal psyohology, and administrative baoking, 
the Afrioan tribes oan be eventually won over, although it may take much time and effort, 
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The ar.,.. of Savanna in A.frioa is about one half of the total area of the continent, 
and it supports rather lesa than half the population of the continent south of the 
Sahara. By oontrast it ms;r be remarked that the area of high forest is about one 
.twelfth of the total area, and it 1 too1 supports one half of the population, 

Future economie ·developmant1 rising standards of living and inoreasing population 
will gen~ate inoreasing demanda for forest produoe of all kinds, At the seme time 
they will oreate inoreasing pressure on the land for agriculture and stock raising and 
on water resouroes, The oombined effeot will, tharefore 1 be a need to inorease the 
production of forest produce from a statio or dwindling area of land 1 without reduoing 
the proteotive funotion of the forest, In this the A.trioan savanna, if only beoause 
of its vast size1 must pls;r its full pert, 

The need for the development of the savanna was reoognised by the FAO Afrioan 
Forestry Commission at its first session held in Nigeria in 1960, Beoause of the low 
produotivi ty of the natural savanna, it wss also recognised that any appreciable 
inora&la in its produotivity must in the main be effected by means of planting, A 
Workinr Party was set up 1 and the Forestry and Forest Products Division of FAO (a) 
oompilad a bibliography on savanna forestry with particular emphasis on savanna affores­
tation 1 

(b) reQuested reports from the members of the Working Party on methods of savanna 
afforest at ion; 

(o) prepared a draft report on savanna afforestation in Africa, 

'f'he lest forms the basie of the present etetement, 
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II. CHARACTERISTICS OF FORESTRY IN NATURA.L SAVANNA WOODLANDS 

The envi;'onmental cha.ra.oteristics of sa.va.nna. hiWe been "'iscussed under preceding 
items. The conditions whioh most a.ffeot tres growth are the long dry sea.son end a.c­
companying soil moisture deficit whioh m~ persist for muoh of the year, the desicca.­
ting wind end low a.tmoapherio humidity, whioh is partioula.rly ma.rked nea.r the Sahara., 
the low fertil1 ty of many of the aoils and the limi ta.ti.ons on rooting depth caus Gd by 
laterite formation, the gently rolling topogra.phy whioh gives rise to the "oatena." or 
reourring series of soil and vegetation types dependent on the position on the slope, 
the practioe of ehifting oultivation and the wid.espread occurrence of a.nnual grass 
fires. The tree growth, whioh resulta from these conditions, ha.s the following main 
chara.oteristioa 1 

(1) Even in the beat typas of "Open Forest", auch as Miombo, tree heights of over 
15 m (50 ft) and. utilisable bele lengths of over 6 m (20 ft) are uncommon. 

(2) Sto~ing is low in oom~arison with beth high forest end. plantations. À basal 
area of 16 m /ha (70 sq ft/acre) has been reoorded from the beat sites in Zambia. 
(End.ean 1966), but over muoh of the area stooking is only a fraction of this. . 

(3) Inoremant is low. Oirth inore111ents of 0,6 - 0 08 cm (1/4 - 1/3") a nar are 
oommon for a number of speoies. Gross timber volume increment of 1,4 - 2,1 mj/ha/an. 
(20- 30 ou ft/ao/an.) has been record.ed. on the very beat sites (End.ean 1966), but 
this ie exoeptional and. over most of the sa.vanna. gross increment is muoh lesa. 

(4) Harvestable tnorement is a. sma.ll fraction of gross increment. The ma.jority 
of timbera ooourring naturally in the savanna are hard, heavy, difficult to sea.son 
and. work, perisha.bla and oftan of indifferant form. The few really good. sa.vanna tim­
bers, of whioh Pteroca.rpus angolensis is an outstsnd.ing example, are scattered. very 
aparsely through the savanna wood.land.l in Tanzania, for example, the ha.rvestable 
increment of this species ha.s bean calculated. at about two trees or 60 cu ft per 
square ~ile par year (Parcy 1959) an incremant of about 0,1 ou ft/ac/an. or 

.007 m /ha/sn. In these conditions logging beoomes dispersed. over large areas and 
henoe expansive. In a few areas, speoia.lised. markets allow fuller utilisation of the 

· commoner species of indifferant qua.lity (e.g, the use of the Brachyategia and Isober­
l!E!! spp, on the oopper belt in Zambia) 1 but this is ezoeptional. Another exception 
is the rela.tively pure stands of Oum Arabie or Acacia. senesal in the Sudan, 

(5) Und.er natura.l conditions, many tree speoies spend. a. variable period. of ten 
years or more in the suffrutex stage, during whioh the root system slowly expands, 
while the stem dies or is burnt baok annually. Only when the root system has reached. 
a certain size d.oes it send up a shoot large and vigorous enough tc survive the dry 
season. Natura.l regeneration is therefore slow end. uneven. 

III, PAST AND PRESEt!T PROIXJCTION FROM SAVANNA FORESTRY 

(a) Wood. Products 

Current production from savanna follows the traditional pattern of the past, and 
a rough estimate of ourrent reQ.uirements has been made in the dra.ft report on savanna 
afforestation in Afrioa as follows 1 

1 Fuel wood. 66 million m3 ~2,300 million solid cu ft~ a year 
2 Pol es 7 " " 245 " Il Il Il 

3 ~ 1 " " 35 Il " " " 
4 Puli!WOOd. Nil 
5 ~ 7 4 million m3 (2,580 " " " ) " 
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0n an estimated savanna powlation of lOO million and an estima.ted area of 5 mil­
lion square miles {13 million ~2), these figures become (rounded) 1 

Aver!li>e Annua.l 

Consumj!tion :12er head Production l!er unit are a. 

m3 cu ft ( solid) m3/ha ou ft {eolid)/a.ore 

(1) Fuel wood 0,66 23.1 0.053 0,69 

m 
Pol es 0,01 2.4 0,006 0,08 
~ 0,01 0.4 0,001 0,01 
Puli!WOOd Nil Nil 
~ 0.14 25.9 0.06 0,18 

It must be empha.sised tha.t these estima.tes are only rou5h average onee, but they 
do demonstrate the ourrent predominance of fuelwood utilisation, Wbere populations or 
industries are conoentrated, local consumption and production figures are very much 
higher than the average and the proportion of timber and peles to fuelwood ma;y be in­
creased appreoiably e.g, in the coppar belt in Zambia. 

{b) Other Products 

A number of ether products are produoed looally from wi thin the savanna region, 
inoluding thatching grass; binding materiel from tree bark, fruits and nuts, More im­
portant produote are gum arabie, which is a very important crop in the Sudan, and bees­
wax and honey 1 which are important over a wide area of the savanna. Tanzanie is the 
world 1 e largest exporter of, beeswax, which is produced mainly from i ta "Miombo''· open 
forest, Beehives ara traditionally construoted from the bark stripped from Bra.oh.yste­
gia speoies, and this involves the death of a large numbar of treas avery year, 
IV, POSSIBILITIES FOR FUTURE DEVELOPMENT 

It has been estimated that as a result of rising population and living standards 
within the savanna region, oonsumption of fualwood and peles ma;y double by the end of 
the oentur,y, while consumption of timber ma;y be increased fourfold, The means of meet­
ing the antioipated inoreasa in consumption are discussad below 1 

(a) Extensive Forestry 

The large areas of sparsely populated savanna are likely to be able to continue to 
supply the needs of the population in fuelwood and peles for· some time to come, Natura.l 
regeneration oan be relied on to replace the out and, if combined with fire control, 
ma;y theoretically increase it, In soma regions it ma;y also be possible to continue the 
supply of timber of a particular species, e,g, in Tanzania the young peles of Pterooar­
pus angolensis far exceed in numbers the mature trees and a simple form of yield con­
trol, based on large-ecale enumerations and estimates of growth rate based on tree in­
crement plots, should be capable of maintaining the current yield indefinitely. 

Thou5h simple forma of extensive management ma;y be capable of maintaining present 
supplies of produce, the prospects of inoreasing yields of indigenous savanna several 
times over are vecy slim. Ex:periments in Zambia showed an increase of about !)O% in 
production of the best treatment over the control, after 25 years (Endean 1962), This 
order of improvement is entirely inadequate to meat the increased needs of wood products 
near future concentrations of population and industry, Proposa.ls have been made for 
improving the yield per acre of Pterocarpus (Boaler 1966) which include the thinning 
of well-stocked young pole stands and the t:r:ansplanting of suffrutices, but a conside­
rable period of successful experimentation will be needed before any techniques of 
this type oan be applied on a wide scale. For any worthwhile increase in production, 
afforestation will be necessary, 

(b) Intensive Forestry including Afforestation and the Use of Exotios 

Intensive forestry implies the use of plantations, whioh will rely heavily on 
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exctics, Plantations howe a number of advantages 1 

(l)·BY correct ohoice of speoies :ter a given site, yield per unit area malf be 
many times that cf the indigencus savanna. Apprcximate estimates c:t mean annual incre­
ment cf timber from varicus tree crepe are 1 

(i) Ptercoarpus alcne in Tanzania. 0.1 cu :tt/ac/an. (,007 m3/ha/tm.) 

(ii) The beat Miombc in Zambia, with full utilisation 20 - 30 ou :tt/ac/an. 
(1.4 - 2.1 m3/hâ./an.) 

(iii) Pins plantations :ter timberlOO- 200 ou :tt/ac/an. (7-14m3/ha/an.) 

(iv) EUcal,ptus plantations :tor fuel or pales or timber 200 - 300 ou 
:tt/ac an. (14 - 21 m3/ha/an.) 

(2} By correct ohoice of species, a more uniform and more useful type cf wood can 
be produoed than is possible from the indigencus savanna, with its multitude of diffe­
rent speciee. Sc:ttwcod plantations can make a specially valuable contribution to the 
production c:t general purpose, easily worked timber fer construction and light joinery 
which is likely to be in most demand in the future and :tor which most of the indigenous 
species ara unsui tad. 

ô) By virtue of their highar yiald per unit area, plantations can be concentrated 
en a smaller area than wculd be needed for the same yield from indigenous forest. Con­
centration reduces costa of management, protection and harvesting, 

(4) Plantations, being a more labour intensive :torm of land use than management 
cf indigencus savanna, oan mske a much greater contribution tc full emplcyment, In the 
case of large projects, where processing is an integral part of the operations, e.g, a 
pulpmill, the eoonomio, social and reoreational conditions of the surrounding population 
m~ bene:tit greatly, 

Plantations fer production of fuel and peles are usually to supply a local market, 
and· the produoe is not valuable enough to justify transport over long distances. Hence 
this type of plantation is likely to be made en a small-soale local basis, ei th er by a 
communal effort, the village wccdlot, or by private woodlots. Timber production, on 
the ether hand, is more economical in larger unite and the mere valuable converted 
lumber will bear transporting fer seme distance. The degree of practicable concentra­
tion, however, will often be affeoted by the lack of homogeneity in savanna sail con­
ditions. Owing to the long dry season and the difficult grouing conditions in much of 
the savanna, it is essential that only the better soils should be used, if plantations 
are to be successful. Very careful sail survey therefore needs to be carried out in 
advance of large-ecale planting, as is the standard practice in Zawbia (Sanders 1966) 
and variation in site quality m~ sometimes require planting in units smaller than the 
most economical (in theory}. 

Production of short-rotation pulpwood from savanna plantations is a future possib­
ility, but detailed investigation would be needed in each individual case to justify the 
economies of the large investment needed, The fact that large areas of sparsely popu­
lated land are available from the savanna mskes it attractive at first sight for pulp­
wood production, but the maintaining of fast and uniform growth over large areas would 
be an even greater problem than in timbar plantations. 

The effort put into afforestation in aavanna ia often of inverse proportion to the 
availabili ty of alternative, higher quali ty si tes elsewhere, Thus Kenya and Tanzanie., 
with large areas of land over 5,000 ft, have confined research in savanna afforestation 
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to trA!!l plot progrsms of fairly modest dimensions. In Uganda and Northern Nigeria 
the7;e jlr8 numercus species trials in the savanna (for exemple the 1965-66 Annual Report 
for the latter region records nearly 250 speoies elimination trials and over 150 spec­
ies growth trials). In Zambie. resulta from soma invaluable earlier trials have enabled 
savanna ·afforestation tc be started on a considerable scala and an annual prog:rsm of 
2 0 500 aores of Pinus khas:ra and 2 0500 acres of Eue. grandis is planned (Cumming 1966), 

(o) Combination of Intensive and Extensive Forestry 

In acme areaa afforestation with .exotios mao', paradoxically, contribute towards 
the mlihagement of indigenous savanna. Once an· afforestation project hss been started0 
the projeot facili ti es in the form of staff, buildings, transport eto. mey also be avsil­
able for researoh in tc the silvioul ture of the surrounding savanna. Researoh in tc the 
silv:l.cul ture of Pterooarpus angolensis, one of the few ssvanna species the intrinsio 
,q.uali ti es of whioh oen justif'y sxpenditure on researoh, would benefi t grestly by being 
bssed on an active and well sited afforestation station. 

(d) Possibilitios of Co-ordinating Forestry Development with ether Forms 
of Land Use, 

The oombination of forestry with ether forma of land use hsa in the past been ooin­
oidental rather than ·planned. The traditional preservation of "standards" of the more 
valuable speoies by shifting cul tivators end the affect of the fieroer f'irea, whioh 
often follow cultivation for a few years end whioh can faveur, for exemple the tire­
resistant Pterooarpus against some of its more aggressive but lese tire-resistent oom­
petitors, is a case in point. Conversely, the Miombo tree species are essential to 
agriculture beth for their direct contribution to honey manufacture and for the suita­
bility of their bark to the manufacture of primitive hivesJ at the seme time they pro­
vide the fuelwood and peles for bouse construction which are essential to the life of 
the shifting oultivator. An exemple of planned integration of forestry and agriculture 
has been the preservation as "hill-top forest reserves" of proteotive caps of forest/ 
thicket on granite lopjes in the intensely oultivated areas of Sukumaland, Tanzanie. 
Savanna woodland also provides a habitat for a large variety of wildlifeJ the more 
speotacular concentrations of animale usually coeur in the more open acacia grasslands 
and the thornbush aree.s rather than in the open foreste. 

The combination of agriculture and forestry may be expected tc expend, at least in 
the form 9~ small woodlots of quick-growing fuel species within farming communities, 
The possibility of large-ecale multi-purpose projects is dependant on much more inten­
sive reaesrph than has been possible in the past. llasioally the problem is to combine 
land usage forma, the site requirements of whioh are oomplementary, An example might 
be the uae of pinea for afforestation on the ridgea and upper elopea in rolling country, 
while growing rica and ranching ce.ttle in the low-lying gressy, seasonally we.terlogged 
valley s. 

Integration of forestry and agriculture mao' be assisted by the radical modification 
of climatio conditions whioh may be effeoted by irrigation. An outetanding exsmple of 
this ia in the Oezira in the Sudan, 

(e) Protective P\mctions 

Owing to the overall gentle topography of the savanna areas, the proteotive value 
of forestry is lees marked than in the more mountsinous areas. In general, it is likely 
that indigenous woodland is as good for the protection of miner ce.tchment areas as plan­
tations, but that plantations, provided they are properly managed, need not be consid­
ered harmful from the protective point of view. It is fair to say, however, that res­
earch on the protective aspects of forestry and of alternative forma of land use in the 
se.venna has scarcely begun. 
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One protective funotion which m~ be fulfilled more effioiently by exotios than 
by indigenous forest is that of shel terbel te and windbreaks. J. properly designed wind­
break of several oomplementary species m~ be extremely valuable tc agriculture where 
wind is a problem, and fast-growing species suoh as eucalyptus oan modify wind affects 
more quickly than indigenous speoies, espeoially if a second speoies of bushy form is 
planted as well. 

V, MAJOR PROBLEMS, GAPS IN KNOIILEDGE, OBJECTS FOR RESEARCH 

Researoh on savanna forestry has been spasmodio and local in the past, and eviden­
ce on many problems is oonspiouous by its absence, Knowledge of the beat speoies and 
methode for afforestation is still inadequate in most countries, and the more complex 
ecologioal etudies of indigenous species have been developed still lese, The main 
items which need study are 1 · 

J., The Environment 

(i) 

(ii) 

(iii) 

Bettar distributed meteorological stations and the continuanoe of obser­
vations over a longer period are of fundamental importance, Hydrologioal 
observations need to be added to existing meteorologioal cnes. 

Partioular attention to be paid to soil moisture relations throughout the 
year and especially in the dry season, sinoe this m~ vell be the most im­
portant single faotcr affeoting tres growth. 

The study of site factors and their affect on s~ecies success, The method 
of Principal Component Analysis ,used by Boaler \1966) for Pterooarpus an­
golensis is a useful ·modal, but it would be highly desirable to devise a 
method applicable not only to indigenous trees but to exotio trees and ag­
ricultural and pasture crops also, 

B. The Trees 

(il Extension of the range of species, provenances and sites being tested. 

(ii) Further research on the cost/benefit ratio of various afforestation methode, 
For the difficult conditions of the savanna intensive site preparation and 
weeding seem essentiel, but for certain favoured local sites a simpler and 
cheaper method mey be acceptable. · 

(iii) Long-term affects of fast-growing plantations in savanna on 

(al soil moisture relations 
(b soil fertility 

and the possibilities of field-ecale fertilisation 

(iv) Further information on growth rate, yield and ages of the few valua.ble 
indigenous species snd on the possibilities of ooncentrating these species 
in pure stands. Further information on the variability in growth rate 
within the same species on the eame site and the possibility of distin­
guiehing between the inherently fast snd slow growers is of particular 
importance. 
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VI, CONCLUSIONS 

The vast area of savanna is in itself a challenge tc solving the problems of in­
creased production. Treatment of the low-yielding indigenous vegetation does not 
promise any substantial increases 1n yield, but judicious afforestation projeots, 
based on adequate resulta from trial plots 1n the same loc ali ty, are likely to yield 
bigger and quicker resulta. Integration of forestry with ether forma of land usage 
is in its infancy. Researoh adapted to local conditions will need greater expenditure 
in the future; among the subjects needing most emphssis is the correct evaluation of 
site quality not only for forestry, but for all forma of land use. 
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'ŒE ROLE OF WILDLIFE MANAGEMENT IN SAVANNA DEVELOPMENT 

I. INTRODUCTION 

A.J. Menee 
Principal 

Collage cf African Wildlife Management 
Mweka, Tanzanie. 

The prooess of propar devalopment of wild lands is far from uncomplicated. 
Development wi thout direction or unconsidared use of tecbnically &dvanced tools 
aohieves only limited objectives at the expanse of a loss of overall pot.ential pro­
duotivity of the. land. The fmma represente a factor in the ecology of wild lands 
which beth has its function in the maintenance of the eooeystem and also whioh, under 
sui table management, oan yield a high economie return. 

II • DEFINI 'l'ION AND SCOPE 

For the purposes of this papar, the term "Savanna" is taken to include 1 

a) Open Savanna, being sub-clima.x grassland dominated to a greater or lasser 
extent by Acacia and Commiphora spp. and which, in certain limited areas of low 
rainfall (from 6 - 10 inches par year), ms;y mer ge into semi-de sert. 

b) l!rach.ysteB'ia/Isoberlinia Woodland (''Miombo"), being open fire-climù forest 
dominated by l!raoh.ystegia and, to a lasser and variable extent, Isoberlinia spp., 
within which are valley grasslands whose type is conditioned by the ohàra~ter of 
the soil and the efficiency of the drainage. These woodlands merge intc undif­
ferentiated woodland to the north and to the south of the main intertropical 
forest belt. At the interzones Isoberlinia dominance is replaced by ether species. 

Wild fmma is distributed th.roughout the Savanna according to specifie habitat 
requirements. It has been shown by Petrides et alia that, providing these require­
ments are met, it is possible for a given srea to sustain a much higher weight of wild 
herbivores than of domestio stock due not only to the full use made of the environment 
,bY a wide spectrum of wild herbivorous species wi th differing food preferences, but 
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also to their more efficient forage conversion. Moreover 1 wild animale have a. ~ ......, 
tively high naturally induoed immunity to endemie disease. 

The optimum condition of energy exohange is found in a naturally regula.t eëL ....._, 
tem. This ideal ia now hardly ever aohieved owing to the direct or indirect :i.::t:'2 ~ 
of humsn aotivity and the ecosysteme are oonsequently either vulnerable or :i.:n -.. .­
of aotual instability. Some degree of compensatocy management is therefore :nees- ...,.... 
ooinoidentally with any management system direoted towa.rds a partioular form of ---­
zation of the wildlife resource. 

III. MEI'HODS OF UTILIZATION OF THE WILDLIFE RESOURCE 

In planning the development of wild lands the potential economie produot:i. -v-:1...-­
wildlife should be taken into aooount 1 to be made use of either during a. transi--.,..-:== 
period towards some ether intensive form 1 or a.s a main objective in a sole or -.. 
tiple form 1 of land utilization. The degree of management neoessacy to aoh:i.ev-eo -
utilization of the wildlife reaouroe as a main objective may be oonsidera.ble. 

If proposed development is such as to e>:clude the feasabili ty of util:l..z:i.:ng -
wilirli!'e reaouroe 1 the problema ariaing from remnant or invading wild animal. a Ea"I::::IL--==:= 
be reoognizerl, as ahould the affecta of denial of the development area to w:i.1d:::L:1...­
alread;y under soma form of management in neighbouring areas. 

The potential economie productivi ty of wildlife mey be realised in a. va.r:i. -~.;;::.,ii 
weys 1 

a) Touri!! and Recreation 1 

Cheap and qui ok air communication brings the continent of Afrioa. w:i. th :1...-::::.o:::::-­
of i.ndustrially developed oountries whose orowded populations have the me~ ~ 
the desire to aeak the recreation and aesthetic refreshment offered by .Afz-:1...- -=== 
wildlife. As the African countries themaelvea develop1 so are their ow:n pc:>~~~ 
tiens also beginning to apprecia te this human se arch for psyohologica.l t:r ~.; 
li ty and satisfaction. 

National Parka are sui tably chosen areas who se management is direot eëL 
the maintenance in perpetuity of a viable eoosystem of natural fauna a.n.d f:3- -=-­
pleyed for public enjoyment by the discreet prevision of tracks and where -..._c::::::::::::: 
dation faoili ties are made available. Although seldom economically se1:f-~:::JIIIiiiii 
they are the magnats which attract inèreasingly large numbers of foreign -v-:L ~ 
to the countries in which they are situated1 from whom a very substa:nt:i.a.1 :r-~ 
is derived during their stey. 

Bome of these visitors are prepared to pey heavily for tha privilege c::>~~~~ 
t:I.JII partioular animals. This demand mey. be sufficiently great as to just :L -
re .. rva.ticn of certain suitable areas where management oan be applied to p:r-
a. sustained yield of trophy animale for weal thy sportsmen. Apart from :i.:nd:L 
"avenue aooruing to safari outfi tt ers and from ether incident al expend:i. t"UZ"" ~ 
"ol!lparatively high cash return from lioanoe and hunting fees can be obta.:i.%1-

b} Con.troll<ld Hunting : 

llild animais are present throughout the undeveloped and semi-devel.ope>dL 
na. The controlled hunting of them on a sustained yield basis by the i:nd:ï..~-;:~ 
population for meat and hides representa a looally profitable use of the -..r~ = 
re source where wild animale den si ti es are too low to allow of a more :!.nt e:r1 ==s ~~== 
utilization. In large are as of tse-tae fly infested Braohystegia woodl. az>.d "]L 
populations are oomparatively small. Excepting in very limi ted loc ali t:i. e ~ , 
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I. INTRODUCTION 
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The prooess of propfU' development of wild lands is far from uncomplicated, 
Development vi thout direction or unconsidfU'ed use of technically advanoed tools 
aohieves only limited objectives at the e:z:pense of a loss of overall potential pro­
ductivity of the land. The tauns represente a factor in the ecology of wild lands 
whioh beth has its funotion in the maintenance of the ecosystem and also whioh, under 
sui table management, oan yield a high economie return. 

II. DEFINITION AND SCOPE 

For the purposes of this paper, the tarm "Ssvanna11 is taken to include 1 

a) Open Savsnna, being sub-olima.x grassland dominated to a greater or lasser 
extent by Acacia and Commiphora spp. and which 1 in certain limi ted are as of low 
rainfall (from 6 - 10 inches per year), msy mer ge into semi-desert. 

b) Brachystegia/Isoberlinia Woodland (''Miombo") 1 being open tire-climax forest 
dominated by Brachystegia and, to a lese fU' and. variable e:z:tent 1 Isoberlinis spp., 
within whioh are valley grasslends who se type is condi tioned by the ohara~ter o:f 
the soil and the efficienoy of the drainage. These woodlands marge into undif­
ferentiated woodland to the north and to the south of the main intertropical 
forest belt. At the interzones Isoberlinia dominance is replaced by ether species. 

Wild faune is distributed throughout the Savanna according to specifie habitat 
requirements, It hss been shown by Petrides et alia that 1 providing these require­
ments are met, i t is possible for a given are a to sustain a much higher weight of wild 
herbivores than of domestio stock due not only to the :full use made of the environment 
,bY a wide speotrum of wild herbivorous species wi th differing food preferences, but 
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aleo to their more efficient forage conversion, Moreover 1 wild animale have a rela­
tively high naturally induced immunity to endemie dieease, 

The optimum oondi ti on of en er gy exchange is found in a naturally regulated ecoeys­
tem. 'l'hia ideal is now hardly ever achieved owing to the direct or indirect influence 
of human aotivity and the ecosysteme are oonsequently either vulnerable or in a state 
of aotual instability, Seme degree of compensatory management is therefore necessary 
ooincidentally with any management system direoted towerds a perticuler form of utili­
zation of the wildlife resource, 

III, MEll'HODS OF UTILIZATION OF THE WILDLIFE RESOURCE 

In planning the development of wild lands the potential economie productivity of 
wildlife should be tsken into aocount 1 to ba made use of ei ther during a transi tory 
period towards seme ether intensive form 1 or as a main objective in a sole or a mul­
tiple form 1 of land utilization, The degree of menagement necessary to achieve the 
utilization of the wildlife resouroe as a main objective mey be considerable, 

If proposed development is auch as to exclude the feasability of utilizing the 
wildlife resource, the problems erising from remna.nt or invading wild animale should 
be reoognized:, as should the effeots of denial of the development erea to wildlife al­
already under seme form of management in neighbouring ereas, 

The potential economie productivi ty of wildlife mey be realised in a veriety of 
ways 1 

a) Tourism and Recreation • 

Cheap end quiok air communication brings the continent of Africa within reach 
of industrially developed oountries whose orowded populations have the meens end 
the desire to seek the recreation end aesthetio refreshment offered by Africen 
wildlife, As the Africen countries themselves develop 1 so are their own popula­
tions also beginning to appreciate this humen search for psychological trenquil­
lity and satisfaction, 

National Parka are sui tably ohosen ereas who se menagement is direoted towards 
the maintenance in perpetui ty of a viable eco system of natural fauna and flora dis­
plsyed for publio enjoyment by the discreet provision of tracks and where aocommc­
dation facili ti es are made mrailable, Al though seldom economically self-supporting, 
they are the magnats which attraot inoreasingly large numbers of foreign visitors 
to the countries in which they are si tuated, from whom a very substential revenue 
is derived during their stsy, 

Some of these visitera are prepared to pey heavily for tha privilege of hun­
ting pll:t'ticular animals, This demand may· be sufficiently great as to justify the 
raaarvation of certain suitable areas where management can be applied to provide 
& lll.lstained yield of trophy animale for weal thy sport amen, Apart from indirect 
~avenue aocruing to safari outfitters and from ether inoidental expenditure, a 
"o~paratively high cash return from licence and hunting fees can be obtained. 

b) Controll§d Hunting : 

Wild animals are present throughout the undeveloped and semi-developed savan­
na. The controlled hunting of them on a sustained yield basis by the indigenous 
population for meat and hides representa a looally profitable use of the wildlife 
resouroe where wild animals densities are too low to allow of a more intensive 
utilization. In large areas of tse-tse fly infested Erachystegia woodland human 
populations are oomparatively small. Exoepting in very limited looalities, domes-
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tic stock can only be kept under conditions of strict prophylactic treatment, and 
wild animale, although their densities are fairly law, assume an important role 
in the provision of protein and animal products for the local people, The degree 
of management necessary' is limited to the establishment of realistic offtake quo­
tas for eaoh species, a mechanism to enforoe the regulatory legislation, particu­
larly when wild animale are concentrated on the valley ·grasslands at the driest 
season of the year,· and to improvement of grassland condition and water supplies. 
An organized system of distribution and sale of gama meat and products can also be 
introduced, through1 for ezample, a co-operative aystem, 

c) Gama Cropping 1 

A development of controlled hunting by much more intensive management is the 
use of suitable wildlife populations to produoe the maximum possible sustained 
yield. To achieve this requires considerable prier researoh, refinement of hun­
ting and prooessing techniques, and the exeroise of strict control over ether land 
uses. Gama or epping is already profi tably practised in grassland are as of Rhode­
si a and South Ai'rica, and has proved that the higher potential produotivity of 
wild animale oan aotually be realised, Such oropping oan be applied bath to com­
pletely wild ·ereas and to areas where domestio stock are also ranched, then giving 
a dual crop, A proper understanding of the.dynamics of the wild populations in 
question is necessary in arder to indues a population explosion in the species 
and then to maintain explosion point, when the maximum possible offtake ma;y be 
cbtained, Intensive management is obviously essential and must include full con­
trol over inoidental human activities. The main resson why game cropping is not 
more widely practised is due largely to the politioal and social difficulties of 
applying this type of control to public lands, for unless auch control is guaran­
teed, the comparatively high capital investment neoessary in a cropping schema 
will not be forthcoming. 

Methode of processing and marketing the products of game cropping depend upon 
local oircumstances, but it is in these that the greatest expanse lies. It is 
thus of advantage to have a ready market near at hand 1 when processing and trans­
port costa are minimal, There is however a considerable potential export market 
for gama meat in a canned or deep-frozen form beth for human consumption and for 
the pet-food trade. The latter could also absorb powdered or dehydrat.ed meat, 
In these cases capital investment in the pecessary plant ia·very high and the 
suocessful implementation of management must be assured to the investors, be they 
Governments, contractera or private companies, Gsme oropptng in a modified form 
is praotised in many parts of'Afrioa where use is made of the products of animale 
neoessarily killed in population reduction operations of, for example, hippo and 
elephant. 

d) Ranchins of indigenous Animal Species 1 

This represente an extension of game oropping where indigenous animal species 
are ranc~ed in substitution for domestio stock by methode which approximate to 
oonventional cattle range management practices, This makes use of the more effi­
cient env:lronmental adaptation of indigenous species and those used for this pur­
pose should therefore be those whose natural habitat is repreaented by the range 
upon which they are to be managed. Such species must also be capable of becoming 
amenable to soma degree of control, handling and confinement, Eland and buffalo 
are already ranched with sucoess in seme southern parts of Africa. Again, this 
type of management demande the strict range control which can only be achieved 
through seme system of tenure of the land by the operator, 
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IV, CONCLUSION 

While the directions in which the utilization of wildlife m~ be developed to 
economie advantage have been indioated, the feasability or desirability of this type 
of development can only be assessed in the local context of the prevailing circums­
tances of each particular area. This assessment has to be made b,y local plannars, 
who should, however, be aware of the possible w~s in which the wildlife resouroe 
oould be utilized, They should also be aware of the full implications of the neoes­
sary management praotioes, and should realise, insofer as information ie available, 
the relationship of wildlife to human beings and their domestio stock with regard to 
disease and general use of pastures and water, 

In the preparation of any development plan for savanna areas, international 
organizations can assist in several w~s. Firstly, advisors can be made available to 
the planners to recommend how the wildlife resouroe oould be used and to explain the 
problems likely to be encountered from the presence of wildlife in that area; seoond­
ly, research workars can be provided to obtain information neceseary for a management 
plan involving wildlife, thirdly pilot experimente for large ecale projected wildlife 
utilization schemas can be set up; and fourthly capital injection for auch large 
ecale schemas can be provided, 
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There is a tendenoy1 in projeots and schemes of all kinds which involve bath 
teohnioal and human factors, to conoentrate on the technical aspects. This tendency 
is particularly apparent in projects like building a dam or organising a settlement, 
but exista also in big area development schemas and national plans. The reason for 
this is not far to seek. When we build a dam we are dealing wi th something tangible, 
we know that, if we follou the specifications and talee the necessary precautions, our 
dam will serve its purpose and show resulta for the expenditure of our monay, skill, 
effort and time. When we deal with human and institutional factors, there is no exact 
mathematical or scientific formula to follow in arder to ensure success. We cannat 
apply experience gained in one set of circumstances direotly to another set of circum­
stsnces and we oan rarely say with confidence that the project is finished and is a 
sucees s. 

Everyone who has worked with rural people and farmers knows that they oannot be 
changed quickly from one mode of life to another, from nomads ta settled farmers 1 from 
shifting oultivators ta settled homesteaders, from pa.storalists ta crop husbandmen or 
from dryland farmers ta irrigation farmers. It is perfeotly natura.l that the habits 
ingra.ined by tradition and the security engendered by known forma of agriculture are 
reluotantly absndoned for new and strange rnethods, even though the benefits of these 
have been shawn by demonstration. In my experience it took a minimum of three years 
for the majority of farmers ta accept a new praotioe, even the most obviously benefi­
ciai, after the leading farmers had a.ccepted it. Often it takes ten years and more to 
have a new form of agriculture accepted by the farming community. 

With the present urgent need for greater production of food crops and the desire_ 
for inoreasing national incarnes and improving standards of living, it is tempting for 
Governments ta use administrative pressures and ta replace the long and sl01< prooess 
of teaching and demonstration by g_uicker and apparently more effe.ctive methods. Sorne­
times, the hope is expressed that after the fa.rmers have been pressed to use a new 
practice they see the benefit of the change and adopt it as a habit, sa that the 
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pressure can be rele.xed, Neverthelesa•vhen administrative pressures are .withd.ra.wn1 
the people usually revert to their former WlliYB and nothing oan1 in the long term1 
effeotively replace patient explanation1 teaching and demonstration to persuade 
fermera to adopt a new praotioe. · 

It follows that if a projeot involves beth teohnioal factors and human factors, 
progress in both must b(l en.:!sd simultaneously, after the initial exploration, 
survey and investigation e'il h that a projeot is phtsioall;y1 agrioul turally and 
eoonomioally feasible. It is timewasting and ineffioient economioally to complete a 
dam and irrigation le;rout and ~ begin work on providing the researoh, extension and 
ether services that are necessary to enable the fermer to make full and economie use 
of the water provided, Suoh human and insti tutional aspects must be studied and work 
begun on them at the eerliest possible moment, even though it me;r be possible to treat 
seme aspects on a small scale onl;y, e,g, 1 teaching irrigation ferming before a large 
irrigation dam is buil t, · 

The human and institutional factors and the sooiological.problems of projects auch 
as settling of nomade and stabilising of shifting oultivators, vary in relative impor­
tance with every project 1 but normall;y the following aspects must be oonsidered and 
those which are absent or weak must be strengthened1 otherwise the projeot will be a 
failure, This is not exhllll.stive and is merel;y a brief summary of factors to be oonsi­
dered as a basie for further discussion, 

1, Reseerch - Normally for the purpose of a project, it is not neoessary to do basio 
agrioultural research, but merel;y to do adaptive experimenta which apply to the local 
conditions reseerch done elsewhere. Even such simple adaptive reseeroh takes time and 
ehould begin eerly so that the agrioul tural questions cf the extension vorkera and in 
turn of the fermera csn be answered. 

2, Ex:tension - Agricul tural reseerch, where resulte are not made known to the far­
mers, is pointless, A vell-informed and dedicated extension service is essential to 
pass on to the fermera the resulte of reseeroh and to make the fermera' problems known 
to the reseerch workers, It is important that the fermera not onl;y accept, but en­
thusiastically support the projeot and this can only be achieved by government plans 
being explained to their leaders in advance and acoepted by them. 

3. Credit - All the advice of exteneionists hae little impact if fermera lack the 
means to obtain credit for the necessary purchases of implemente, equipment, fertilis­
era and insecticides, planting material and sometimes labour to put the advice into 
action. 

4• Fgm Supplies and Services - These include the provision and hire of implementa, 
contract ploughing, fertilising, pruning and spre;ring services, vermin control, etc, 
These may be provided by Governments, Marketing Boards, Cooperatives, or private enter­
prise, In many developing countries there is need to increase auch services and provide 
th.e farm supplies at least in the pioneering stage if development of fermera from sub­
sistance to profitable fsrming is to be achieved. 

5o Marketing Faoilities - An attractive, stable priee for his produce is the best 
incentive a fermer csn have for increasing his crop production, The establishment of 
satiafaotor,y market facilities is necessary to ensure the success of a projeot invol­
ving inorease in production of crops or stook1 yet this aspect is sometimes negleoted, 
In many developing countries this.is provided through cooperatives, so that fermera 
feal that they share in the profits of marketing in addition to the production of the 
r aw product • 
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6. Land Tenure and Tenanoy .Arrangements - Tb.ere must be secure and eq,uitable land­
holding arrangements to permit the optimum production from a projeot. Tb.ere are many 
wa;ys in which this can be aohieved 1 - individuel, cooperative or communal ownership or 
enlightened and seoure tenanoy arrangements. It ma;y be neoeesar;y in a projeot, euoh as 
an irrigation schema, for the Juthorit;y to have land rights over the area so as to have 
the power to eviot individuels who se aotivi ti es harm the rest of the tenants. Many 
irrigation sohemes have failed beoauee there was no olear-aut understanding among the 
tenants what their agrioul tural and tinanoial obligations were and no control b;y the 
authori t;y over the actions of the tenants. 

7 • Training of Field Staff and Fermera - An essentiel feature of most agricul tural 
development end settlement is the training of field staff which are usuall;y inadeq,uate 
in numbers and abilit;y to undertake the greatl;y increased duties that auch developments 
involve. The greatest need is usuall;y for the middle grade field worker and teohnician, 
end the training of these should have high priorit;y. It is also important to supplement 
utension work among fermera b;y short-term courses of a highl;y practioal nature for far­
mers themselves. 

8. Organisation al Arrangements - Tb.e Government body responsible for agricul tural 
development involving settlements, stabilisation of agrioul ture and irrigation schemas 
ma;y be the Ministr;y of Agrioul ture, or of Agrarien Reform, or of Lands and Naturel 
Resouroes. Alternativel;y1 auch developments ma;y be supervised by some autonomous or 
semi-autonomous authorit;y responsible for the specifie region or type of development. 
Whatever the responsible body or bodies ma;y be, it is essentiel that coordination of 
all assooiated authorities is aohieved, beth in agricultural aspects and the aspects 
whioh are the responsibilit;y of ether Ministries and Departments auch as Publio Works, 
Heal th, Education, Local Government, Tb.is oan be aohieved by an inter-ministry autho­
rity under the Chief Minister or seme ether Senior Minister and at fiéld project level 
by reguler team meetings of the looal'offioials and authorities conoerned. To make 
coordination at field or projeot level effective, there should be as much delegation of 
authority as possible to the local officiels on the spot, Onl;y by auch coordination 
osn duplication of.work be avoided and a uniform polioy put into praotioe, If an 
authority is set up to be responsible for developing settlements, it is important for 
the normal Government departments to take over responsibility once the development 
stage is ovsr, At field leval, it is important that officiels should have as little 
as possible of administrative and financial burden to osrr;y and that they should have 
avery possible faoilit;y suoh as transport and eq,uipment to carry out tho duties for 
which they are talent"ed and trained. 

Conclusion 

This is a highly simplified ·aummar;y of some of the humsn and institutional factors 
which must be considered when planning and implementing a project or settlement soheme. 
In most countries in the Savannah region, there is a shortage of trained and experienced 
men in the various agricul tural and assooia.ted disciplines to undertake all the tasks 
which the increasing tempo of development demanda, It therefore is of paramount impor­
tance to J;~i;ep up the speed of education and training of agriculturalists of all grades 
and, seoondly1 b;y caretul planning and coordination to utilise the existing skilled 
manpower in the beat possible wa;y, 

All of yeu must have experience of the wa;ya in whioh human and institutional fac­
tors can mske or mar a project or a regional or national development plan. Tb.is brief 
introduotory paper merely serves as a basie for discussion and interchange of experien­
ce to assist in the preparation of better balanced plans for projeots, settlement and 
development schemas in the future, 
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The developrnent of agricultural research and the improvement of cooperation 
and conditions of technical and financial aid in this field are problems of prirnary irn• 
portance for agricultural development in Africa. Rapid agricultural progress, involv­
ing . sizeable increases in the productivity of land, 1 ab our and capital, is essential for 
the economie development of theAfrican countries. In the more adVanced countries, 
such progress has been facilitated by the resulte of substantial and continuing efforts in 
research, and sirnilar steps must be taken by governments of developing countries and 
bilateral and international technical assistance programmes. 

There is an increasing need for research covering a wide range of natural 
and social science as they relate to agriculture and rural development, a problem so 
vast that if it is to be solved there must be an appreciable irnprovement in efficiency 
through better organization and cooperation between all parties involved. 

There is a growing awareness in sorne countries that these activities and 
technical aid to support them are becoming more and more necessary in all scientific, 
economie and social fields of agricultural research in the tropics. This paper con­
sidera ways and means of developing closer cooperation between the various countries 
and organizations in their efforts to improve agricultural research and development in 
Africa. 
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The research undertaken in A!rica and the different forms of technical assistance 
which are of!ered are numerous and vary to a considerable degree both in policy and in 
organization. lt appears also tbat efforts made and aids given do not sufficiently caver 
tbe subject matter fields involved. lt can be stated that the various research instituw 
tians and sources of assistance are usually insuffici.ently coordinated and that where 
coordination does exist it is established only during the implementation of a programme 
or project, by which time it is often too late to avoid duplication. Nevertheless, there 
is a certain amount of experience in interwgovernmental cooperation (regional projects) 
and liaison between different sources of technical aid which could provide a basis for 
closer cooperation in the future. 

Il. MAJOR PROBLEMS ENCOUNTERED 

The development of agricultural research is faced with two main problems. 
One is concerned with the availability of trained and experienced manpower and the other 
with the organisation and implementation of research programmes. including measures 
for ensuring that the results of re se arch get into tbe hands of the field services in a 
form in which they can be put to practical use. 

1). Manpower, 

Lack of qualüied per sonnet is certain! y of major concern. Even if funds and 
material allocated to research were tripled, this would not alter the fact that there are 
not enough research workers available. With the increasing number of new states, 
demographie expansion. progress in science and technology, the development of research 
organizations and the competition ta provide or receive aid and assistance .. there has 
been a considerable increase in the number of institutions and the amount of technical 
assistance aid in various forma during the last five years without so far having improved 
tbeir efficiency, 

Financial and physical aspects (infràstructure) appear to be other main 
barriere to the expansion of research activity, but it is mainly the lack of qualified per­
sonnel which limits the development of research. It is much easier to build and equip 
a research station than to find the necessary research staff. The demand for qualüied 
research workers far surpasses the available supply, particularly for those possessing 
tropical research experience. 

The volume of current requests for per sonnet under bi-lateral and inter­
national technical assistance programmes and the düficulty experienced in filling posts, 
re-emphasises the seriousness of this problem. From the difficulties experienced by 
industrialised countries in training and recruiting sufficient numbers of agricultural 
research staff, it is apparent that one of the crucial obstacles to development in A!rica 
may well be the inadequacy of the number of people choosing careers in agricultural 
science. The situation is further complicated by the increased demand for reseat<ch 
staff within many of the developed countries where the possibilities for employment in 
other fields of work are immense and the conditions of life and professional work are 
more satisfactory, offering security, chances of a continuing career, intellectual 
envirorunent and social amenities. 
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Re se arch .workers who are capable of integrating sever al scientific disciplines, 
of comprehending technical as well as social and economie aspects of a research project, 
and who are interested not only in making new diacoveriea but also in their practical 
application, are very difficult to find. Yet it is this type of research worker, posaessing 
a wide range of experience who iB beat suited and most urgently needed to lead and con• 
duct agricultural research programmes in developing countries. 

2). Organization and Implementation of Research Programmes. 

In organizing and implementing research programmes, the need for an inter• 
disciplinary approach and for relating research to the requirementa of agricultural 
development plans are factors of prime importance. 

Much of the agricultural research undertaken in developing countriea doea not 
!ully reflect the multi-disciplinary nature of the problems involved. Development pro• 
jects are often embarked upon without the !lecessary basic etudies having been carried 
out, while in other cases, etudies and surveys already completed and published are 
ignored. There is a tendency to concentrate on the purely technical aspects of research, 
without regard to the integrated aspects, which include attention to basic problema as 
well as the economie and social aide of agricultural development. 

There is a pressing need to avoid competition and duplication through closer 
cooperation between developing countries, between developing and developed countries 
and between bilateral and international aid to agricultural research. Developing coun• 
tries in many cases eagerly accept any offer of technical assistance even if it does not 
conform exactly to the priority needa of the country. Agricultural research in develop­

·ing countries should be concerned primarily with the solution of their most urgent 
problems relating to national and regional development plans. 

There are in existence numerous studies, inquiries or pre-investment surveya 
which merely end up in the archives; far too much research which stops upon its publi· 
cation; an enormous number of small specialised projects carried out in isolation and 
too many so-called research stations conducted by one research worker only. Multi• 
purpose projects led by teams of research workers at multi•disciplinary research 
centres which also take into account problems involved in the application of research 
resulta, are to be found only in limited number s. 

Political boundaries in Africa today are rarely related to ecological regions. 
One ecological zone will extend over several countries• As the basic agricultural pro• 
ble.ns of a given ecological zone are aimilar, it is highly desirable that regional coopera• 
ti on in re search should be established on an ecological ba sis. 

III. SUGGESTIONS FOR IMPROVING COOPERATION AND RESEARCH EFFICIENCY. 

There is much to be done to increase the efficiency of agricultural research, 
but it is suggested that the !ir at steps should be to make better use of the trained and 
experienced personnel already available and to reorganize existing activities as muchas 
possible in the form of multi-disciplinary projects at national institutes and as part of 
regional research programmes, through inter•governmental agreements. Even without 
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an increase in funds and personnel, it should be possible in this way to double or even 
treble the effectiveness of the research and assistance already provided. 

The proposed solution for strengthening agricultural re se arch and intensifying 
methoda of co-operation.is to establish Regional Agricultural Research Programmes in 
Ecological Zones, supported by bi-lateral and multi•late~al assistance as the basic 
frame for inter•governmental activities in the field of research and developrnent. The 
primary objectives in organizing inter-country research on an ecological basis are to 
avoid duplication and to rnake more efiectiye use of available funds, trained manpower 
and facilities for agricultural research, to investigate the comrnon problerns of the par• 
ticipating countries and to obta.in research resulta readily applicable throughout the zone. 

The interdependant nature of agricultural research problerns in sorne African 
countries is weil known. . Ecological zone research programrning is, therefore, an 
effective and rational way of iaolating and selecting the research priorities of the greatest 
scientific and pràctical significance to all countries situated in the same ec6logical zone. 
Joint facilities, re se arch resulta and their implementation would be shared and experi­
ences could be exchanged, resulting in effectiveness and economy_ 

Perhaps the most forceful justification for the concept lies in the rationalisation 
which could be made in the strengthening of national Institutes and the use of international 
funds and personnel_ Aid offered to auch programs would strengthen national insti• 
tutea working on both national and regional agricult.:ttal research programs; In the 
implementation of regional research programs·, the a.im . would be to approach the 
multi•disciplinary aspects of agricultural probiÊ>ms on the basis of the whole ecological 
area involved. 

By grouping several countries tggether with their own network of research 
stations within one ecological zone, it would be possible, by examining their national 
research programmes, to define the overriding priorities and common problerns and to 
agree on regional projects which call for intensive ca'-operation and co-ordinated action. ,, . . 

. Problems common to a variety of countries are more likely to be solved 
through close liaison and efficient working relationships between all the countries con­
cerned, rather than by each country attempting to solve these problems alone. Isolated 
and understaffed institutes and stations cannat carry out research which is likely to make 
an impact on a given large area or solve complex agricultural problems, 

As opposed to Regional Institutes, the concept of Regional Programs favours. 
developing countries which are generally unwilling to contribute to the long•term financ­
ing of an institution situated in a single country. Individual countries, despite high cost 
in financial and human resources, prefer to have their own national research institution 
well established before contributing to the joint financing of regional institutes, which are 
outside their immediate control. Nevertheless, this does not apply to Regional Institutes 
created and provided with long•term financial support entirely by private groups or 
foundations (i.e. Ford-Rockefeller). On the contrary, auch institutions could forrn 
baaes of operations for the establishment and the organisation of regional programs 
to be impl emented by a regional network of selected existing national research stations. 
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The organization of research on the basis of ecological zone pro gram s 
would not affect bi-lateral or multi-lateral assistance arrangements in any given coWltry, 
as each of them would continue to carry out its owa national research program; but 
there is no doubt that it would facilitate better use of the assistance provided through 
overcoming the shortage of manpower and would avold wasteful duplication and unprofit­
able competition. lt would not only strengthen closer co-operation between countries 
confronted with similar problems but would also foster and increase the contribution of 
external aida, facilitate the transfer of technical knowledge to developing countries and 
partnership arrangements between institutes and associateship schemes with international 
organizations. 

Before launching such programs, it is essential to have a complete inven• 
tory of existing knowledge and research findings ready for application or adaptation, as 
well asto know the needs and priorities for new knowledge and the requirements of 
agricultural development programs of each country involved. This is of great im• 
portance as a regional program of this type would consist of research projects which 
are an integral part of the national programs concerned. 

lt is brought to the attention of the meeting that during the second half of 1967 
FAO will hold a "Flrst Conference on Agricultural Research Programmes on an Eco­
logical Basis" in the Sudanian Zone of Africa .(see attached map). The Conference 
intends to discuss the concept and principles of agricultural research organization on an 
ecological basis, to compare the düferent national research programs and to atudy. 
and draw up plans and measures in order to set up a workable and sound regional pro• 
gram· on the main problems facing agricultural development in that ecological zone of 

· Afric;,.. 
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ECONOMIC ASPECTS OF SAVANNA DEVELOPMENT PROJECTS IIICLUDING 
ELIOI»>LITY OF PROJECTS FOR INTERNATIONAL FINAli'CING 

J ,C, Abbott 
Deput;r Director 

Economie Anal;reis Division 

In opening a _ discussion of ths economie aspecta ot Savtmna dsvelopment projects 
one ahould probabl;r begin b;r re-stating an essentiel principl.e ot economies - thst 
ve are conoerned vith a problem ot ohoioe, We hsve to decide vhich apecitio projects 
marit priorit;r in inveatment. · 

In Savanna .regions vater ia a aceree factor virt~l;r b;r definition. Land ia 
plentitul and ao ia unskilled laber in relation to factors of production ether thsn 
land. Inveatment capital and management resouroes ma;r, hwever, be almoat as aoarce 
aa vater. So vhile ve reoognize that putting water onto arid lands can achieve a 
atriking increaae in agrioultural output, we hsve to e:mmine caretull;r vhere this 
vould be most advantageous. Consideration not onl;r ot relative cost is involved, but 
ot relative benetits and vith how long a waiting period. 

A, Choioe of areas for pre-investment projects 

Certain criteria stand out clearl;r as regarda the initial choice of ares to 
atud;r. j} . . 

1. Laok ot toreie;n exchange to pa;y tor indispensable importa of capital goods is a 
basic handicap to the development efforts of the Savanna countries, This means thst 
in longo-term development plans high priorit;r must be given to the regions which can 
develop experts most rapidly, i.e, areas with a production potentiel ot beef, citrus, 
long staple cotton, or ether products in international demand. Production to replace 
impo_rts of rice and sugar, for e:mmple, would achieve the same goal, Such production 
tor export or import subetitution vould be most successtul where there is easy transport 
to the main shipping and/or population canters, Past experience shows thst &reas open 
to external trade hsve generall;r developed most rapidly and contributed oorrespondingl;r 
to oversll progress, 

2. In a developing econom;r capital is extremel;r scarce and great care is needed in 
allocating it, In partioular, ~neral infrastructure costa should be kept at a minimum, 
Interrelationships with ether ~vestments hsve therefore always to be taken into account. 
There hsve been deliberate attempta to develop a particular region without considering 

j} See FAO Agrioul tural Planning Course 1963, Rome, 1964 



the national framework, but the advantage has rarely been manifest, Since the location 
of general infrastructure investments may be largely determined by non-agricultural 
factors, attention should be given to the possibility of locating agricultural 
infrastructure investment in areas that will aso have the benefit of transport, power 
supplies and industries, The returns from both types of investment are then likely to 
be larger per unit of capital outlay and to come more quickly, The Juba and Shebelli 
projeot, for e:z:ample, would certainly seem central to the eoonomy of its country, 
perh&pa alao the Volta flood plain! soma of the other Savanna development projects 
are lese so. 

3, Increasing employment upon productive enterprises is a sound investment goal, 
Thus the Gezireh cotton orop attraots labor from Kordofan &fter the local harvest h&s 
been completed, But this does not necessarily mean investment to create employment on 
the spot. Particularly where resources are limited, it is important to invest where 
the returns are greatest and let labor move to the opportunitiea created, as haB been 
the tendency towards the tropical zones of Clhsna from the drier arasa to the north, 
Developing oountries cannat spare much capital for areas where incomes would still 
remain so low as tc lesve little possibility for ssving, retnvestment and sustsined 
development, 

4, Keeping people in the rural sress is an oft quoted polioy objectivai but the 
reversal of sn establiahed trend ahould not alone be a basis for inveatment, 

5· We all know th&t social and politicsl factors may in praotioe play a major part 
in the ohoioe of region tc stud.y, There can be soma economies behind these toc, The 
oost of relief, and perhaps more urgent measures needed in face of politioal disoontent, 
oan run very high on a national basia, While auch considerations may inspire a projeot, 
economie e%perienoe ahould atill play ita part in the consideration of solutions, 

While these points all marit attention, decisions on partioular pre-investment 
etudies must always be taken within the conte%t of the development policies of the 
country concerned. Of the Savanna countries, Senegal, Niger, Nigeria, Chad, Sudsn 
and Somalis have ourrent development plans, 

~. Factors to consider in pre-investment etudies 

It is new recognized that institutionsl factors auch as land tenure, access tc 
credit, educational and &%tension services, prioing and marketing systems, etc. besring 
upon inoentives tc individuel producers, play a vital role in the successful implementation 
o~ development projects, In this paper, only a brief treatment of diffioulties on the 
marketing aide will be attempted, J] 

1. (a) Cash returns to producers depend on their goods reaching a consumer. There­
fore, the success of a project to change a physical production pattern depends on an 
effective organization to bridge the gap between producer and consumer, This gap may 
be o:f' varying width and comple%ity, 

(b) Detailed research on markets, on consumer preferences, etc. - where not 
already available as for standard &%port producta - may be needed to determine which 
products to grow and which varieties of these products, ·other ~arketing factors -
esse of handling, durability in transport, suitability for processing, etc, -have 
also to be taken into sccount, 

J.C. Abbott1 "Marketing Studies, Organization, Methods and Service for Development 
and Settlement Areas" - J!ontly ~ulletin of Agricul tural Economies and Statistics -
Vol. 13, No. 50 May 1964• 
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(c) The oost of marketing oan cancel out effioiency in production, No matter 
how suit&ble an are& may be for production and how acceptable the produot in consumer 
markets, if the oost of getting it to those markets takes too high a share of the 
final priee, then production may be uneconomio e%cept on a subsistance beais, 

(d) Greatly improved marketing organization may be essential if fUll advantage 
ia to be taken of favorable production opportunitiea, In many situations there ia a 
need not so muoh to reduoe the oost of marketing as performed at present, but for muoh 
more elaborate and comprehensively organized marketing S18tems. This wculd be needed, 
for &%ample, to make worthwhila growing fresh tomatoaa or atrawberriea in the Jebel 
Marra, and ganarally where produoe haa to be aold on competitive &%port markets, Fbr 
tresh fruit and vegatable marketing ovar long distancee, uniform and precise grading, 
paoking, temperature control in transit, timing and adjuatment of total qusntitiee 
delivered to partioular markets, and consistent and thorough sales promotion are vital. 
The sucoessful entry of Gezireh cotton onto European markets was also due in large 
part to the particular marketing organization selected, 

2, Distributive crganization to fUrnish production supplies and consumption requirements 
is also needed. If fertilizer, insecticides, farm machinery and tools, etc, are not 
readily available at law oost, the agricultural production targets on which a project 
is based may never be attained, If a euitable range of consumer goods is not obt&inable 
oonveniently and ine%pensively, there may be little inoentive for farmers to obtain 
income beyond that needed for subsistance. Perhaps this has been taken toc muoh for 
granted in the Savanna project studiea available to-date, 

J, Pre-invastment etudies for a particular ares are ganerally best carried out on 
an integrated eocnomio basie even though its resources seem to be primarily agrioultural 
in oharaoter, Maans of tranaport that would not be economie for agriculture alone 
might beoome available if there waa a profitable return load or out of aeason use 
baaed on ether demanda. Mining, industrial, military or ether non-agrioultural 
aotivities oan change radioally the market piotura, The development of tourism based 
on gama parka, archaeologioal or historical associations, eto, can in soma situations 
pay off better in foreign e%ohange earnings than agriculture alone. This could be 
highly relevant in a country like Chad, 

C, App;aisal procedures 

With these aspects taken into consideration we can move to an appraisal of a 
project pre-investment study or of recommandations and projects arising from suoh a 
study, 

Strategie inveatment criteria are: 

(a) Economie benefits - the additional income produced (in the whole project 
ares or b.y the establishment of a particular enterprise or service within that arsa)J 
the additional employment createdJ the increase in income per person employed 
(particularly if previously inoomes were considered to be below acceptable levels)J the 
net contribution via t&%es to the costa of local and central govarnmentJ contributions 
to social servicesJ additional rente paidJ and the accumulation of money for future 
investment through amortization provisions should alec be counted. 

Indirect benefits such as payments to transport and ether services, and induced 
benefits due to the spread of new monay through the economy, the so-called multiplier 
affect of earning oreated by a project should also be considered, likewisa the economie 
surplus, i.e, if internal priees of soma foods, eto. are lover as a result of the 
additional output created by the projeot then consumera are left with more monay to 
spend on ether things. 
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In practice indirect and induced benefits often receive onl7 descriptive mention 
because of the ditficult7 of quantification. Generall7 the7 are regarded as providing 
additional justification for an otherwiae sound project. 

(b) Investment coat - total coat in relation to the finance available from 
outside including provision from vi thin the countrT for continuing aervi~ea including 
maintenance of roads, etc.J the oost par emplo~ent unit createdJ the oost par 
hectare of agricultural land improved. 

(o) Scarcity of specifie reaouroea - e.g. land, vater, foreign exchange, special 
skills, managerial and administrative capaoit7. Thair relative scaroitT in a partioular 
countr7 or region m&7 set limita to the scala or nature of an inveatment independant 
of the probable return. Such scaroitiea oan be taken into aooount in economie calculationa 
by the use of "ahadow pt"ioes" as opposed to market priees. Thus the rate for foreign 
exchange m&7 be set aboT& that uaed otficiall7. The vage rate for laber m&7 be adjusted 
tc ~efleot previoua und~mplo~ent, e.g. if thera wae onl7 40 percent emplo7Ment then 
.one mie;bt value laber •t 40 percent of the standard wage. 'ii'ages for peasants working 
on their own land should retleot alternative earning opportunitiee open to them, 
and mie;bt be set at sel!o. Soaroe trained government administrative and service staff, 
however, should pt'obalà7 be valued at more than the official aal&rT scala beoauae 
of the high economie oost of keeping them 'ott other work. Produots that vill replace 
importa can be valusd..at the priee of the imported produca even thoue;b the aubstitute 
m&7 actuall7 be aold at s'different priee. Thoue;b asaignment of "shadow priees" will 
often be a matter ot judgment their use is likal7 to rasult in a mora realistio 
economie apprahal •. Once adoptad, the7 should be usad uniforml7 to oalculate ourrent 
production and inv.etmant costa as wall as net value added. 

(d) The !f'· factor - i.e. the del&T until the benefits foreaeen from investment 
are realbed the duration of auch benefits. From a financial point of view, the 
rate of intereat P878ble on the capital required is important hereJ uaually a long vait 

.for the eventual benetits ill onl7 feasible if the rate of intarest oharged is law. 

(e) Rates of return - One should dilltinguish caretull7 between1 (i) the finanoial 
(or priva te) rate of return, i.e. the return to the entrepreneur on the capital he 
investedJ (ii) the economie (or social) rate of raturn, i.a. the return to sociat7 as 
a whola on all development efforts made in terme of net inoreases in gross national 
product. In making auch return calculations, the "internal rate of return" which avoids 
the choioe of an interest rate and takes time affecta tull7 into aocount should be 
preferred. Internal rates of return are bstter and mora precise criteria than the 
traditional coat/benefit ratios. Particularl7 when used vith shadow priees, they are 
the most comprehensive possible criteria incorporating all other criteria mentioned 
above. 

The internal rate of return is the discount rate at which the total present value 
of all expeoted future net annual returns exaotly cover the present value of total 
oorreaponding investment. jJ If this rate is vell above the going rate of interest 
on long-term loans, e.g. 15 percent as asainst 6 or 8 percent, then the project offers 
substantiel investment appsal. Rowever, a del&T of S87 10 7ears until a projeot comas 
into the phase of full returns can reduce this rate of return substantiall7 beoause 
ôf the heaV7 weighting of intereat charges during the earl7 unproductive period. See 
the following examples• 

Present value of S100 to be received in 10 7ear'a time 

Preeent value of $100 to be received in 20 7ear 1s time 

Discount rate 
$ 1ô% 
... .•. s ..•... 
55.80 38.60 

31.20 14.90 

jJ For turther illustrations of procedure, etc. see F. Rosenteld1 Techniques d'Analyae 
et d'Evaluation des Pro ets d'Investissements -Etudes Tiers Monde, Presses 
Universitaires de France, Paris, 19 • 
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In practice a long del~ betore returna come in ia only acceptable, especially 
in developing countries vhere ce.pi tal 1a ace.rce and the gcinB ra ta of iD<tfell'ea t therefcre 
uaually hish, if the eventual benefit 1a ver,y great indeed. Thus recol!)'lition of an 
economie intereat rate of at least 6 percent in these ~ bears hard on the recommandation 
of a 40 year projeot for the Volta Flood Plain besed on an interest rate of 2-1/2 percent. 
The annual oost is inoreased by more than 50 percent. 

Commonly used preliminar,r and incomplete measure fer oomparison of alternative 
projecta ia the capital ratio, that ia the total amount inveated divided by the 
averase annual. value a.dded •~!-en the project 1a in i'ull operation. The ratio for large­
aoale agricultural investments ia uaually betveen 3 and 5· A hisher ratio would imply 
above normal iuvestment coste in relation to the return. 

Comparative measurea for Savanna prcjects en whioh reporta are available are a 

Projact 

Shebelli River Control Dam 

Volta River Flood Plain 

Coat per hectare 
i 

300 

145o-1770 

Capital ratios 

3 

8.3 

The leval of inveatment coat par hectare likely to find easieat acceptance ey 
the IBIID, for ex&mpla, vould depend on the typa of crepe to be grown. S 1 , 000 per 
hectare misht be acceptable for citrus with acceas to export markets but would be 
toc hish for rica. 

Calcllla:tlonaf internal rates ct re"';l~rn has not been attempted. Clearly i t ia ditficult 
tor ccmplex araa development projecte involving a range of costa and benefita not 
eaaily ausoeptible to measurement, ·but it ia quite teasible and indeed necessary tor 
apeoitio projecta vithin a more general developmentplan. 

Training projeots ara more ditticult to appraise in economie terme. Hovever 
it should be possible to que.ntity the social benefits from investment in providing 
training tacilities in the developing ccuntries and so attain a measure tor use in 
aaaigning prioritiea as betveen projecta in ditferent f':!slds. jJ It may be thought 
that the need tor trained men ia obvious. We have still to consider the appropriate 
allocation of resourcea betveen general and specialized education, and training at 
different levela, and the coat of training under a apecitic project vith that of 
obtaining comparable training elsewhere. Comparison on this last leval is te.irly 
ee.ay and this ia the minimum of economie appraisal that va could expect in the projects 
under discussion. Soma relevant data aral 

Project Coat per trainee 
month (axe~ tixed investment) s 

University of Xha.rtoum y 130 

University Collage, Ibadan y 320 

Ecole Supfrieure d'Agriculture, y Tunis 206 

jf D.O. Mc Clelland haa eatimated the economie return on investment in university 
education in the developing countries at &bout 12 percent. "Does education 
aooelerate economie grovth?" -Economie Development and Cultural Chan6! -Vol. 
XIV (3), PP• 257-278, April 1966. 

g/ Aaauming 9 montha attendanoe. 
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Projact 

Agricultural Training Center, j} 
Bobo-Dioulasso, Upper-Volta 

Forestr;y Reaearch and Education Center, 1/ y 
Sudan 

FAO Fellowship in Europe JI 

D. Financial elisibility 

Coat par treinee 
month (ezcl. fi%ed inveatment) 

$ 

173 + 30 

90 + 30 

330 

So far as international lending ia concerned the eligibility of a projeot can 
hardly be dissociated from the credit worthiness of the oountry in whioh it ia aituated. 

·The main economie criteria for credit worthinesa are the manner in whioh savings and 
other resources are invested to increase production, the rate of growth of the population, 
and the pest record of repe;yment of outside loans. 

Coming to the project leval, a speaker for the FAO/IBRD Co-operative Program at a 
comparable meeting in Latin America atreased the need for clear information on the 
following points 1 y 

(a) the aotion implioationa of projeots i.e. the specifia atepa involved in bringing 
the projeot into ezeoution, e.g. the establishment of farms 1 houaing, roadaJ 

(b) the project costa, with its ftzed oost1 for a period of time, operating oost 
eto., broken dawn by foreign and local oostat 

(o) the benefite to the economw of the country, in terme of added value of 
production, foreign e%changs earnings and other criteria discussed earlier in 
the pepert · 

(d) the returns at the leval of the beneficiar;y. The return to an irrigation 
authority set up to operate a projeot is needed1 also estimates of income 
streams and cash flows at the farm leval. The returns to the project bene­
ficiaries indicate whether the benefioiar;y is capable of repaymentJ 

(e) who will manage a project? what are the responsibilitiee of all the agencies 
of parties who would be involved in this. Staffing can be a great limiting 
faotor so that from the very beginning projeot managers ehould face the 
problem of who is going to get i t off the ground, and how will i t opera te 1 

(t) an indication from the country of what domestio resources could be mobilized 
tor the projectJ it is preferable that the direct beneficiary of the project 
alao makesthe m&%imum contribution, beoause his interest will be only as strong 
as his financial commitment. 

1/ Initial costs with UNDP/SF support internation staff and estimate $30 for board. 
~ On the baeia of 15 percent of resources devoted to training. 
lf. On one year basie including travel. 
if FAO, Report of Latin Amerioan ~leeting of UNSF/FAO Project ~lanagers and Co-Managers, 

Santiago, Chile, Oct.1965. 
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Questions of the folloving order must be answeredt Hov would repayment of the 
oosts of the project be made? Is there provision for revenues, e.g. from taxation, 
water charges, etc.? Are there separate provisions for repa;yinent of capital and 
interest coste and for repayment of operation and maintenance costa? Is the oost of 
civil works to be allocated to individuel farms and, if so, how? What is the oost 
of on-farm works and on what terme will they be met? What is the e:z:peoted annual 
payment per hectare or other unit? llhat is the total and ·per hectare charge for 
operations and maintenance? When would charges beoome applicable? Hov would payment 
be secured? Supposing a loan vere obtained hov would i t be repaid? Hov would local 
costa be financed? 

It appeared from the Santiago meeting that the most difficult projects to finance by 
an .. international banking institution vere those involving a higb. element of local 
costa and a long vaiting period. This vas particularly true of afforestation and 
re~oreststion projects. 

These pointa refleot the requirements of a potentiel lending agenoy. From 
the point of view of the sponsors of a partioular projeot the relative likelihood 
of its appealing to different sources of finance is an important consideration. They 
will be vell advised to take into aooount in their presentation the requirements and 
interests of different potentiel lending agenoies. 

Under !BRD procedures, two types of sgrioultural programs oould be financedJ 
firat, irrigation or othar e&pital intensive publio works, and aeoondly; farm equipment 
and requiaites, mostly through intermediate institutions. Its approaoh to agrioultural 
lending is nov more flexible and finance for are& development schemas and the 
atrengthening of agricultural institutions, including credit agenoies 1e nov 1110re readily 
available. Moreover, certain current'e:z:penditures are nov eligible for financing during 
the projeot deve.lopment period. However, the interest rate and time of repayment refleot 
the Bank1s dependance on fund-raising in the open market. 

The International Development Association can make loans for up to fifty years, at 
a nominal interest rate, primarily to meat requirements in the financing of "social 
infrastructure" - education, environmental bygiene and housing. 

The Development FUnd of the Si:z: Common Market Countries for Associated Countries 
is prepared to finance social and economie development projeots. Bilateral finanoing 
terme may be still more favorable for projects of specifie interest to the lending 
country. Suoh assistance will probably be more resdily available if there are suitable 
national.finanoing institutiœœ to help administer it. 

The ecope for using food aid tc remunerate local labor engsged on improvement 
operations and to maintain settlers while awaiting orops from new holdings should also 
be taken into acoount. 




	113160001
	113160002
	113160003
	113160004
	113160005
	113160006
	113160007
	113160008
	113160009
	113160010
	113160011
	113160012
	113160013
	113160014
	113160015
	113160016
	113160017
	113160018
	113160019
	113160020
	113160021
	113160022
	113160023
	113160024
	113160025
	113160026
	113160027
	113160028
	113160029
	113160030
	113160031
	113160032
	113160033
	113160034
	113160035
	113160036
	113160037
	113160038
	113160039
	113160040
	113160041
	113160042
	113160043
	113160044
	113160045
	113160046
	113160047
	113160048
	113160049
	113160050
	113160051
	113160052
	113160053
	113160054
	113160055
	113160056
	113160057
	113160058
	113160059
	113160060
	113160061
	113160062
	113160063
	113160064
	113160065
	113160066
	113160067
	113160068
	113160069
	113160070
	113160071
	113160072
	113160073
	113160074
	113160075
	113160076
	113160077
	113160078
	113160079
	113160080
	113160081
	113160082
	113160083
	113160084
	113160085
	113160086
	113160087
	113160088
	113160089
	113160090
	113160091
	113160092
	113160093
	113160094
	113160095
	113160096
	113160097
	113160098
	113160099
	113160100
	113160101
	113160102
	113160103
	113160104
	113160105
	113160106
	113160107
	113160108
	113160109
	113160110
	113160111
	113160112
	113160113
	113160114
	113160115
	113160116
	113160117
	113160118
	113160119
	113160120
	113160121
	113160122
	113160123
	113160124
	113160125
	113160126
	113160127
	113160128
	113160129
	113160130
	113160131
	113160132
	113160133
	113160134
	113160135
	113160136
	113160137
	113160138
	113160139
	113160140
	113160141
	113160142
	113160143
	113160144
	113160145
	113160146
	113160147
	113160148
	113160149
	113160150
	113160151
	113160152
	113160153
	113160154
	113160155
	113160156
	113160157
	113160158
	113160159
	113160160
	113160161
	113160162
	113160163
	113160164
	113160165
	113160166
	113160167
	113160168
	113160169
	113160170
	113160171
	113160172
	113160173
	113160174
	113160175
	113160176
	113160177
	113160178
	113160179
	113160180
	113160181
	113160182
	113160183
	113160184
	113160185
	113160186
	113160187
	113160188
	113160189
	113160190
	113160191
	113160192
	113160193
	113160194
	113160195
	113160196
	113160197
	113160198
	113160199
	113160200
	113160201
	113160202
	113160203
	113160204
	113160205
	113160206
	113160207
	113160208
	113160209
	113160210

