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MEETING ON SAVANNA DEVFLOPMENT

United Fationa Development Program
Food end Agriculture Organization

Khartoum, Sudan - 25 October to & November 1966

INTRODUCTION

3ince the beginning of its activities, the United Kations Development Program
(formerly the United Nationa Special Fund) has gilven constant attention to the devel=-
opment of the African continent and, in particular, ic the stretoh of country lying
between the latitudes 10° and 18° north from the Atlantie Ocean to the Red Sea.

This area is generally lmown as the Savanna Belt. Owing to its vast extent and
ecclogical complexity, the Savanna Belt has not yet been uniformly defined. However,
for the purpose of the meeting it was agreed that the limits of the Savanna Belt
would ocincide with the area surveyed by the FAO-Unesco Agroclimatology preoject. The
Savanna Belt offers an immense scops for agtivities in the field of agrioulture, which
is the ohief industry of the population. The Food and Agriculture Orgsnization of the
United Nations was, therefore, the Executing Agenocy for many projects approved by the
UNDP Ooverning body.

With the passing of time and the accumulation of experlence and knowledge, the
need arope for a Joint review of past activities and future requirements, with a view
to formulating a policy for future development in the Savanna Belt and providing a
guideline for further UNDF/FAC assistance to the region.

_ Thie was the reason for the meeting which assembled in Khartoum. At the agree—
ment of its Governmment, the Sudan acted as the hoat country. ,

The Faculty of Agriculture of the University of Xhartoum provided all facilities
for tke meeting.

The meeting waa attended by two representatives of the UNDP Special Fund, namely
Messrs. L. Allbaugh and D. Francis. MNr. Paul Marc Henry, Assistant Administraetor and
Deputy Director of the UNIP Special Fund and Mr. G. Drouhin, Senior Consultant,
participated in the final discussions and the elaboration of the recommendations of
the mesting. At the end of the meeting, Mr. Paul Marc Henry made a statement stress-
ing the urgency of agricultural development and the potentialities for food production
of the Savanna Belt.

‘The United Nations Educational, Scientific and Cultural Organization, the World
Health Organizatiocn, the Economic Commission for Africa and the African Development
Barik and the U.S. AID were alsoc represented at the Meeting.

The Project Managers and Co-Managers of UNDP/SF projects in countriss of the

Savanna Belt, other FAO field experta of the aresa and FAO officers from Headquarters,
Rome, participated in the meeting. A list of participants is attached in Annex I,

ACEROWLEDGIENT

Grateful thanks are expresszed to the Sudan Jowernment for their readiness to act
ae host gountry, for the excellent arrangements made and the hospitality shown to the
participants during the entire duration of the meeting.



Special thanks are expressed to the Minister of Animal Resources who kindly agreed
to open the meeting; tc the Representatives of the Ministry of Agriculture and Foreats
and other Ministries who took an active participation in the discussione; to the Dean
of the Agrioultural College, University of Khartoum, and to his deputy, for the hospi-
tality and facilities extended to the meeting; thanks are also expressed o the
Governors and senior officials of the Kordofan and Darfur provinces for their hoapi-
tality during the field trips, and to other Government officials who contributed to
the success of the meeting.

We also wish to thank the UN agencies, Unegco, WHO, ECA, the African Pank, and
the USAID office in Sudan for their valuable contribution to the meeting.

A, JIntroductory Statement

The Meeting was opened cn Tuesday, 25 October, at 17 hours by Mr. Andrew de Vajda,
Deputy Director, lLand and Water Division of FAQ and Director of the Meeting. After
greeting the participants and the representatives of other United Nations Agenaoies and
welcoming the Officials of the Sudan Jovernment, he requested His Excellency Sayed
Mohammed el Helu Moussa, MNiniater of Animal Resources and Water Development, to
deliver the opening address on behalf of the Government of the Republic ¢f the Sudan.

The Meeting then heard the statements of the Representatives of the United
Hations Development FProgram =— Mr. Hans W. XKamberg, Resident Representative of the
United Fations Development Program in the Sudani end Mr. de Vajda, who, on behalf of
.the Feod and Agriculture Organization, spoke on the objectives of the Meeting and its
value for the Savanna Belt. ‘

Further stztements woere made by:

Sayed Wadie Habashi, Representative of the Eoonomic¢ Commission for Africa,
Mr. J. Smid, Representative of the United Nations Educational, Scientifio
and Cultural Organization,

Mr. M. Le Bousguet, Representative of the World Food Organization, and
Mr. Leonard Matovu, Representative of the African Development Bank.

These statements were not intended for discuasion.

B, PFPrezentation of UNDP[FAO Projects operating in the Savanns Belt .

On Wednesday, 26 Qotober, descriptive statements by the various Project Managers
who took part in the Meeting were presented and discussed. A sunmary of their state~
nents is given in Annex II.

The disocussions emphasized the need for comprehensive preliminary studies for
pre~investment projects. It was agreed that the studies should cover:

(a) An evaluation of the area's food requirements and the expected increase
in quality.

{(b) The possibilities of developing export crope in order to increase the
country's revenue in foreign currency.

(c) A search for crops which could be substituted for those now imported,
thus rsducing expenditure in foreign currency.

It was also agreed that the studies should indicate the project targets for
production, and particularly for the more specialized crops.
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The Director of the Meeting gave brief descriptions of the following completed
projects which are linked with the development of the Savanna Belt: :

1. land and Water Resources Survey of two river basins in Somalisa.

2, Survey of the water and soil resources in the Upper and Northern Regions
of Ghana. ‘

3. Survey of the Lower Volta River in Ghana.

C. Discussion on Development Factors

Fach main factor in the development of the Savanna Belt was outlined in a
separate paper. These introductory papers are given in Annex IJ. The present section
summarizes thelr salient points and includes the reccmmendations made and adopted at
the Meeting.

1. Soils

During the past two decades there has been a substantial 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 include at least seven of the ten main soil orders
recognized in the soil classeification scheme (7thn. approximation) of the United
States Department of Agriculture. -

A first attempt at a general soil map of Africa was published by CCTA, It
gave a very general outline {1 + 5,000,000 soale) of the distribution of the
broad soil units in the Savanna Belt.

In most of its countries soil surveys have been carried out during the pasi
20 years. They were made, however, on the basis of varying classification
systems and methods. As a result, there is a large amount of heterogensous
information on Savarna soils, their distribution, agricultural properties and
management., . A detailed inventory of this information would enable full use 1o be
made of previous work.

The varying classification systems which originated from different research
organizations are now being steadily unified. The methods and technigues of soil
surveys are also becoming standardized. This will greatly facilitate not only
the use of former soil surveys and research, but alsc the planning of future
Trograns.

‘ A complete standardization of survey methods will be increasingly needed.
So also will a cloese adaptation of soil survey programs to the particular
requirements of individual development schemes. Even though the interpretative
systems of land capability clessification are now more uniform, & fuller stand-
ardization is still needed.

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

The Meeting regommended:



Recommendation No. 1

Further efforte should be made to:
(a)
(v)

compile and correlate existing information on soil distribution

and agricultural capability;

unify the various systema of scil and land capebility clasaification
and standardization of methods and techniques of soil survey.

Recommendation No., 2

The final objective of a scil survey is to provide relisble information on
soile in view of agrioultural development. The following are the main stevs of a
work program on scile which will be applicable to most agriocultural development

projects:

1.

2,

3.

4.

5.

Quick reconnaissance survey of an area, including the general zons of
the project. It should be based on the interpretation of aerial phote-
graphy and the diptribution of the main plant aszsociations.

Suitable area(s) for agricultural development should be Belected and
delineated for a semidetailed soil survey (scale, 1 : 20,000 to

1 : 100,000), The mapped areas would often be larger than the areas
selected for development so as to cover, whenever possible, & natural
area, such as & watershed, and to allow a later o¢verazll planning of the
total area. The modarn techniques should include colour or infra-red
aerial photography, helicopters and portable equipment for quick soil
teste,

Detailed aurveys should be carried out when neaded cn limited areas,
such as experimental, station and pilot areas for intensive development.

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

Whenever possible or advisable, maps of the natural vegetation and
present land use should also be gompiled. The eventual correlation
between soil distribution, vegetation and land use should be studied.

Recommendation No. 3

Representative soils should be described. Detailed studies should be made
in the field and in the laboratory. Standardized methods are essential for an
esasy transfer of knowledge from country to country. The final objective should
be t¢ characterize accurately the agricultural potential of the main soils in the
Savanna Belt.

The main research subjects would bes

e
s
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studies on soil permeability and water retention;

cation exchange capacity and base saturations perceniage of different
cations;

depth of water table and salt content of groundwaters

modification of s0il properties under jirrigation; saliniiy and other
hazards'need for a drainage system;

organic matter and microbieclogy;

soil management {rotation, water and humus conservation, mulching,
manures, etc.);




(g) Mechanization would be studied with due consideration of soil
characteristics and mainly the stability of surface struciure. There
should be triale on the main representative scils in the experimental
station and, whenever possible, in the farmers' actual fields.

(h) The use of fertilizers deserves particular attention. Trials should
be carried out on a few representative esoils and on maln crops with
irrigation. The econcmics of fertilizer use and the ways of improving
distribution syetem and credit should be studied. The organization of
revolving funds, successful in other daveloping countries, is also
recommended.

Recommendation No. 4

Training of persconnel should he actively pursued through fellowships, short
courses and in-service training., Due regard should he paid to field surveys,
techniques, laboratory methods and aerial photo—interpretation. Whenever needed,
internaticnal specialiats should be sent to organjize intensive courses on a
particular subject. The training would involve naticnal technical personnel at
both high and medium levels.

2. Hater

- The importance of drinking and irrigation water in the development of the
Savanna Belt in three mseparate papers:

a) Hainfall and olimate: see COQhemé, Paper No. 2
b) Surface water: see Bakker, Faper No. 3
c) Oroundwater: see Ambroggi, Paper No. 4.

(a) Rainfall and climate

The limits of the Savanna Belt in Africa north of the Equator largely
coincide with those of & semiarid area south of the Sahara surveyed by the FAO/
Uhesoo/WHO Agroclimatology Project.

The study accentuates the latitudinal alignment of the climatic zZomnes and
the meridional directlion of the climatic gradients., MNean annual rainfall varies
from up to 1,200 mm in the acuth to very small amounts in the ngrth. The total
amount for the whole area approximates to about 2,000 million m /year. In the
south the rain falls during a summer season of zbout seven months. The remaining
months of the year are practically dry. Northwards the rainy season is progressg-—

- ively reduced. Thus the northern limits of settled cultivation receive as little
rain as 225 mm. Thie falls in a two-momnths' pericd and in very varying amountasa.

The - high net radiaiion which accelsrates the transpiration and respiration
of the planis increases the rainfall deficit.

The following values are itypical of the daily potential evapotranspiration:

Sunny day before the rainy season 8 mm
Day during the rainy season 4~5 mm
Rainy day 2-3 mm

These values can be compared with the mean daily rainfall of 5.5 mm during
the rainy season. The rainfall efficiency can be estimated at 4 nmm.



4 comparison of rainfall and potential evapotranspiration makea it poasible
to define quantitatively the short periods of the availability of water. To
match the growth oyclea of the main crops to these pericds is to obtain a umeful
eriterion for the choice of ocrops. The data collected by the World Weather Watch
sysien can play an important part in increasing the region's food supplies.

(b) BSurfage water and groundwater

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

Just as a cross sectlon of the arc from north to south shows an increase in
annual rainfall, so it also indioates en inoreasing possibility of rainfed
agrioulture. Ths, h the general paitern for water development from north to south,
there is a deoroase in the relative importance of groundwater development and a
oorreaponding increasse in the relative importance of the development of surface
water,

Throughout the area there is a need to retain and control soil moisture.
This can be hest achieved by proper agricultiural practices.

The types of Water Development in the Savanna Belt oan be grouped under four
headinga. The following order of presentation, however, ims not necessarily their
order of priority. The four headings are:

l, Large sorle irrigation development from major rivers

2. Medium sized irripgation development from loecal water resources

3., BSmaell scale water supply supporiting and supplementing rainfed
agriculture .

4. Water supply in the zone of primarily nomadic grazing.

Large scele irriesation systems are developed from the major rivers, which
have their water. sources outside }he Savanna Belt. Their total annual water
resources are about 130 billion m /year. The ceiling for the actual area to be
put under perennial lrrigation from the major rivers is probably 5 million
heotares, Most of these development possibilities received early attention. A
vast amount of experience is availeble in the Nile schemes (Sudan) and in the
"Office du Niger",

Mediunm sized irrigation scheres depend for their water rescurces mainly on
the non-perennial river systems and groundwater bodies in the ar¢ of rainfed

agriculture.

Systematic knowledge of these water resources is very scarce, but a large
amount of exzperience has been gained from schemes, designed or alsc consiructed,
in Northern Chane, Upper Volta, Niger and Sudan. Pilot examples are available in
the UNDP projects of Jebel Marra snd Kordofan in the Sudan. Examples of the
spreading of flood water exist in North Africa, Saudi Arabia, Mauritania and
Sudan (Tokar and Gash)}.

The total potential of this type of development is not yet known.,

Small scale water develomment &t household and village level is primarily to
supply water for stock and domestic use, but it should also include small scale
irrigation, thereby supporting various developments of rainfed agriculture. The
scope of the small scale irrigation can range from the household garden to the
garden of a large mechanized farm. It could also includs a whole village.




There are various techniques for expleiting 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 domestic consumption are small. If planned from
the atart as sanitary supplies, the water can ulually be made suitable for
drinking, and st little extra ocost.

Nomedic grazing: Development of water supply in the northern part of the
Savanna Belt ie the main problem of nomadic grazing. The sourcee of water will
be meetly from underground. In special c¢ircumstances, however, they can also be
from the surface storage of rain or flood waters.

Fundamentally, enough is nown for the planning of groundwater development
t0 be started on & sound basis. For nomadic grazing, the problem of groundwater
is not ite guantity, but its actual locaticn,

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

The Meating recommended:
Recommendation No. 1

More detailed data on local climatic conditions are needed. The World
Weather Watch system will be very helpful in the Savanna Belt, where the varying
climatic conditione are & major limiting factor in egricultural production.

Recopmendation No. 2

In all agricultural development schemes and projects in the Savanna Belt,
where o¢limatic conditions need to be more closely scrutinized, the greatest care
should be taken to co-ordinate the instrumentation of the agroclimatological and
hydroclimatclegical stations and to bring the national network into line with
WHO prectices and plans.

Recommend. n No

. Reference stations in which evapotranspirstion snd radiation can be directly
measured need to be established in the Savanna Belt. 3By studying the correlation
between the two factore it would be possible to estimate the water requirements
of large irrigated perimeters. Reference stationa played a useful part in the
UNDP (SF) projects for developing the Senegal river and Lake Chad.

Recommendation No. 4

Since- the weter resources from the major rivers need to be developed
according to integrated plana, the surveys should be undertaken on a long—term
basis and involve the firm commitments of both the UNDP and the Governmentis over
at leaat a ten-year period.

Recommendation No. %

The establishmemt of Pilot development schemes should receive early attention,
since it is the most suitable step towaerds solving the problems of ultimate
development, including their technical, economic, social and financing aspectis.



Recommendation No. 6

Further assistance should be given, if necessary, to improve the utilization
of irrigation gystems which already exist.

Recommendation No. 7

Projeots should be established where medium sized irrigation development is
integrated with rainfed agriculture and animal husbandry in order to gain more
experience, including the social and economic aspecta of the development, at
distriet level.

Recommendation No, 8

Attention should be paid to the opening up of new areas for rainfed
agriculture through their water supply.

Recommendation No. 9

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

3. Range Management and Livestock Producticn

The variability of the factors indicated in the preceding paragraphs involves
& parallel diversity in the plant life which covers the Savanna Belt. This vege-
tation and its development imply, in their turn, a diversity in the snimal life
which depends on it, whether this is natural (wildlife) or domestic or due to
such human exploitations as stock-breeding, forestiry development and other forms
of agriculture. -‘The meeting is not concerned with defining the types of vege-
tation found in the region, bul with considering its exploitation by animals {the
theme of this section, see Papers 5 to 10 in Annex I} and the exploitation of its
forestry resources by man (the theme of the following aeotion). For reasona of
convenience, the discussions ars reported in the concluding section. Some
repetition is unaveidable.

The region ie considered to have great possibilities for the expleitation of
its natural vegetation by animals. Their mumber is unknown, and the few estimates
already made are insufficient. At a rough guess, the northern part of the Belt
contains about 30 million head of cattle, 20 million sheep, seven million goats
and six million dromedaries. Donkeys are more numerous than horses. It is
hazardous to say how much foraging cover is needed for their nourisbment. .With
extreme reserve, it can be said that it would he posaible to have some 47 million
head of cattle in the area. A large portion of the necessary forage could be
produced on land near the river courses when it is properly developed. The rest
would be dependent on the local agriculture which needs to be shown how to build
fodder supplies.

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

Their feeding should be studied within the farmework of a long-term program.
This cannot succeed without the full approval and active support of the pastoral
people,. In effeorte to improve the forage on grazing lands, preference should be
given to the study and selection of the best types of local epeciee already nat-
urally adapted to adverse climatic conditione rather than to types which are
intreduced.




As far as grazing lande are conoerned, the emphasis should be on the control
of fires, a better use of pasture in the rainy seaacn, and an extended period for
using green forage. All this involves imporiant genetic and agronomic work. 4
particular effort should be made to set up national or regional forage stocks.
Forage banks such as the one projected in North Africa should be created in the
Savanna Belt with the aid of the World Feod Program.

The choice of preferential animal categories - cattle versus sheep - for a
particular climatio zone ie a major programing decision. Even as a governmental
responsibility the choice pust have a firm technical and economic basis. The
particular qualities of the different kinda of animals was not & subject for dis-
cusaion, but it was empharized that sheep—breeding provided one of the moet rapid
ways of securing proteine. A lively discuselion on goat-breeding showed that,
while it was very useful elsewhers to allow free wandering, the animal should be
tethered in the Savanna Belt. Its breeding should be put on sound lines and
under strioct control. In animal selection, as in plant selection, there should
be chiefly a Bearch for quslity from the local stocks best adapted to the natural
conditions.

In the economic exploitation of animals and their products, some stock
breeders have clearly responded to economic snocuragemsnt. There should be &
definite improvement in the quality of products when the experience gained in
various parte of the Savanna Belt is extended and more ie paid for young animals
of good quality than for those which are old or mediocre. These experiences,
however, come within the category of a general price policy, which is & respon-
8ibility of the Government.

A Vetier knowledge of the sociclogical background of the stock breeders
should pave the way to more effective methods of teaching and training. They
will then have better relations with the more sedentary people and become inte-
grated into a modern economy.

4 large fund of technical and scientific knowledge has been already acquired,
alike in the Savanna Belt and in other African regions. None the less the
exchange of information between experts and the governmental services calls for
immediste attention. This should be considered from the viewpoint of collecting,
co—ordinating and then imparting the information. Here the international
organizeiions can, and should, play a vital part.

Whatever may be the fufture policies for solving the complex problem of
improving simulianeously the breeding and grazing lands of the Savanna Belt,
nothing will last without the wholehearied approval of the people whom they
affect and a corresponding, but sustained, commitment by the governmental

: services to pursue them. This is the price to be paid for a harmonious develop—
ment of stock breeding in the Savanna Belt.

The agricultural development of the Savanna Belt must be supported by the
pre—~eminence of nomadic stock breeding in the north. The stock breeders are not
bound to be integrated inito the more sedentary forms of agriculture, but the gain
on which they could rely from their contact with people in the centre and south
of the Savanna Belt should be shown to them. Among the essentisl] technical
elements in a policy aimed at improving conditions for the nomads are the devel-
opnent of natural grazing lande; the control of fires; the tapping of new water
resources, and particularly their rational use within the context of a general
plany the opening of migration routes suitably supplied with water; and the
establishment of slaughter—~houses at astrategic points.

The Meeting recommended:
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Recommendatio ¢}

There is an urgent need to prepare an inventory of the vegetation and to
make particular use of the most modern methods of photo—interpretation. A
parallel inventory should include the numerical data on the human and animal
populations according to their socioleogical and ecological groupings.

Recommendation No. 2

The analysis of peet and present research and studies will make it possible
%0 determine the field in which new inveatigations are not needed.

The compilation of feormer atudies could be entrusied toc the univerasities or
organizations already existing in the region (Sudan, Senegal) with the eventual
aid of suoh international organizations as PAO or Unesco.

This synthesis would later enable the researoh program to be co—ordinated to
the region's advantage.

Hecommendation No, 3

The training of specialists should not be neglected. It is deasirable to
oonsider the posgibilities of advanced specialized instruction in the ecology and
managenent of pasture lands.

Though the itraining of specialized workers does nmot present serious diffi-
onlties, there is at the intermediate level a distinet lack of personnel who are
specialized in the management of pasture lands and in stock breeding. Their
training should be sufficiently general to enmable the pupils, when their studies
are ended, to be used for some other agricultural activities without any diffi-
culties of re—-adjustment.

It 18 very desirable that training should be uniform.
A system comparable to the one established by FAD and the member ocowntries

of the Mediterranean Commission of Grasslands could be created for the Savanna
Belt. .

Recommendation Ne., 4
Except in some sparsely populated regions, most people in the region live
and feed on their own cattle. To persuade them %o change to econocmic production

and, in particular, to sell their ocattle advantageously and ito feed themnselves in
a different way, mn importani service of popularized information is esaential.

The popularized information should be directed towards

Ea developing family-size operations
b) handling food products and, in partiocular, milk.

Recommendation No. 5

The utilization of the available animal resources is imperfect. The multi-
plicity of recognized adminisirations and other factors are partly to blame., It
is recommended that in each country a single organization should be created, or
strengthened, to deal with all matters which concern the proper use of available
aninal rescurces, including grazing and pasture lands.
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Recommendation No. 6
There is an urgent nead to strengthen the veterinary and zcclogiocal services,

and especially to provide them with technicians at the intermediate level. The
integration of epecialists in wild life is recomnended.

Recommendation No, 7

It is recommended:

a) 1o open new water points nesded for & better use of grazing lands;

b) to closs water points before the pasturage deterlorates

e) to improve pumping chiefly through windmill pumps;

d) to improve the approaches to the water points 8o as to reduce losses:
drinking troughs, ineclined cemented surfaces, wind screens, cleared
apaces for waiting and resting, girdle of trees to protect the
forage, eto.

Recommen on No.

As a general rule, domestio herda are not suitably seleocted for foold pro-
duction. They include too many female adults. Improved types are no less necos-
sary. It is recommended that male animals of good quality should be selected for
the governmental establishments instead of worthless animals from local herds,
which would be destroyed. MNilk production ahould be organized in the irrigated
gones.

Regomn t N

In some ocountries there should be programs for the systematic control of
animal diseasesa; for example, protection against the bovine pest or the pleurc—
poeumonic contagion of cattle. These programs need to be co—oidinated at the
regional level if any return of the disease is to be avoided.

Recommendation No, 10

The preservation and management of the wildlife resources are an integral
part of the econcmy of the Savanna Belt. They should be on an equal footing with
the protecticn of the natural vegetation.

It is recommended that there should be studies on thelr best ypossible use,
and chiefly in certain parts of the arid zone where wild game is, perhaps, the
best source of proteins.

Recommendation No. 11

There should be a study of markets and an economic approach to the problem.
To encourage eocuomic expleitation it is in every instance necessary:

{a) +to build access roads to the slaughter—houses equipped with water
peinte, forage reserves and quarantine stations;

(b} to develop facilities for clearance, preparation of products, stock-
piling and transport;

(¢) 4to adhere firmly to the current prices according to the age and quality
of the animzls.



4. Porestry and Forest Products and Wildlife Management

Willan, in Paper No. 1ll, covered various aspects of forestry in the Savanna
Belt., Trends in wood consumption show that fuelwood is by far the most important
itemy it is followed by bullding poles. For a long time to oome, fuelwoocd will
almost certainly remain the main feature in extensive Savanna forestry. Certain
species of the natural Savanna, however, produce a better quality of itimber used
for railway sleepers and construction timbere. Others provide important second-

ary  forest products: for example, gum arabio from Acacia Senegal. ‘

Apart from its productivity, the extensive natural Savanna foreet protects
the soil and ite crops from the dessicating winds.

Intensive Savanna forestry can be practised only when the siting is favor-
able. It faces competition from other land usea, The aim should be a balanced
agrioultural development.

Intensive forestry relies heavily on the use of exotic speoies. The cholce
of species depends on the results of trials. These are necessary before large—
scale plantations can be considered.

Mence, in Paper No. 12, siressed the need in Wildlife Management for
(a) oonservation; (b) oropping for protein supplies; and (o) research snd itraianing,
especially at the intermediate level.

The Meeting considered Savanna in the broadest sonae. This included the
three vegetation types of Open Woodland, Savanna and Steppe, as defined by the
CCTAJGSA at a specialiat meeting on phytogeography held at Yangambi in 1956. Its
recommendations are, therefore, presented under thres headings: Extensivs
Forestry, Intenaive Foresiry and Wildlife.

Reoommendationson Exten by

Rggoggeﬁdgggon No. 1

In view of its valuable protective funotion, especlally in the arid zones,
more attentlon should be paid to the need for conserving adequate areas of the
Savanne eco—-system; for axample, by leavling broad belis between areas cleasred for
development.

Recommendation No. 2

Because of the very large demand for fuelwood and peles throughout the
Savanna Beli, substantial sonea ghould be set aside for this purpose for a long
time to coms.

Recommendation Wo, 3

Immediate attention should be given to the possibilities of increasing
industrial uses of some hitherio unused specles; for example, for railway sleepers,
constructional timber and particls boards, etc. At the same tims, there should
be further research on the utilization of the lesser—kmown secondary timbers of
the Savanne Belt.

Recommendation No. 4

In view of the local value of certain non-woody products = for esxample,

‘ medicinal products, beeawax, gum arabio, tannin - more research should be devoted

{0 them. The possibilities of UNDP projects in this field should be specially
conpsidered.
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Recommendationson Intensive Foresiry

Recommendation No. 5

In view of certain subastantial advantages of plantations, eépeoially for
producing utility timbers, there should e more emphasis on research in plantation
forestry throughout the Savanna Belt. Careful species trials and a thorough soil
survey should invariably precede the large—scale planting of speoies exotio to
the region. Countries in the Savanna Belt should plan to start research at an
early stage in their development of plantation foreatry.

Recommendation ¥o. 6

In view of the need for shelter and for foremst products in irrigation
schemes, & proportion of all irrigated areaes should be devoted to forest
plantations.

Recommendation No. 7

Wherever wind ia a serious danger, tho possibilities of artificial shelter—
beltato reinforce the natural woodland should be further investigated. More
quuﬂntahva research is needed into the effect of shelterbelis on microolimate
and agricultural produotion in the Savanna Belt.

Recommendation No. 8

In view of the advantages of small concentrated plantations in reducing the
distances and time involved 1n oolleoting fuelwood and poles, the possibilities
of establizhing village weoodlots of eucalyptus or other epecies on suitable sites
should always be considered in planning village developmant.

Regommendat;ogﬁon Wildlifs
Recommendation Ko. 9

Because wildlife is & natural component of the Savamnna eco-system, appro—
priate measures for its conservation should be included in any scheme to maintain
the protective function of the Savanna Belt.

Eecommendation No. 10
Wildlife resources can be economically exploited through

{a) mnanaged indigenous bunting, as source of protein and animal produots,
in reglone where domestic msiock cannct be kept;

(v) mansgement within suitable regions to maintain s wildlife population
for recreational purpeses, and particularly for tourism;

(c) management within appropriete regions to obtain & high production of
mest and animal products through game cropping or ranching wild
animal species.

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

endation No. 11

Because an intensive development of Savennaz regions implies a contraction of
the habitat of wild animals, development plans should take into account the pog-
asible necessity for the intenpified management and comtrol of wildlife.



Recommendation No. 12

In view of the need for trained staff in the vroper management of wildlife,
it i recommended that institutions similar to the College of African Wildlife
Management at Mweka, Tansenia, should be established wherever necessary.

5. Agriculture

Although agriculture was not inoluded in the agenda as a separete subject,
the Meeting requested the Technical Secretary tc make a statement. It then
recommended:

Becommendation No, %

There is & need for pilot areas and surveys of natural resources and of
present agricultural patterns with a view to elaborating a co-ordinated devélopment
plan in which all agricultural activities — including foreetry, livestock and
wildlife management, and range managenent — would be combined.

A general agronomist with long experience of the perticular area for develop-
ment should be attached to the survey project team at an early date, He would Ye
responsible for outlining the land use pattern and, in the light of the local
ecological factere, for combining such other possible activities as forestry,
fisheries, range management and livestook. He would also be responsible for
indicating the additional field work needed for a sound econeomic evaluation of
erop production.

Regommendation No, 2

The demand of the fast growing population of the countries in the Savanna
Belt for food and for foreign currenoy to further their development and economic
growth showld be met mainly through (a) increasing the productivity of currently
producing units, and (b) exploiting the undeveloped resources.

Thougbh &ll possible efforts to inerease the productivity of currently pro-
ducing subsistence and commercial units should continue, the subsiantial develop—-
ment of hitherto undeveloped resources depends essentially on the successful
establisbhment of maximum c¢rop 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 emount of buman labour and animal drafi generally
available, the possibilities of mechanized crop production should be investigated
as soocn as posBible, especilally in the fly-infested areas of reliable rainfall.
The aim should be to ascertain its technical and econcmlc feasibilities in dif-
ferent situations and with due regard to maintaining the fertility of the soil.
Through the' co—ordinatim of the agronomist, agricultural engineer, plani breeder
and economist, 1t should be possible to determine the suitability of various kinds
of machines in different climatic and soil situations, The agronomic praciices
appropriate to the maximum utilization of the machine, the choice of orops for
mechanized agriculture and the actual economics of mechanization should also be
inveatigated.

Before any scheme for mechanized crop production is introduced, there should
be investigations into the training at all levels of the operators of the echeme,
the farm managers and the mechaniocs.
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6. Yuman and Socizl Fﬁctors, Training and Research

Human and Sccial dspects

Lunan {Paper No. 13) stressed the insufficient attention hitherto given to
extremely important human and sociclogical factors in drawing up and implementing
development schemes. The tendency is now paseing. There 1s an inoreasing
awareness that these factors, far from being oppoeed to the technical factors,
are supplementary. They develop alongaide them. They are not added as an after-
thought.

No attempt was made to estimate the total population living in the Savanna
Belt. According to a first approximetion, the total would he about 50 millionm,
Its geographical distribution depends on the availability of waters first for
drinking, 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
much higher in the south.

The birth rate is high and approximates to the "matural” birth rate. In
coertain zones there is a high and compensatory mortality rate. The expectation
of life is short. A large percentege of the population belongs to the lower age

groups.,

One human aspeci is frequently avoided because it is so delicate and diffi-
oult, but it should be considered ae it affects seriously the succesze of projects
and of development as a whole; that is the Jovernment organization sssooiated
with the project.

The view was expressed that the deciding factors in determining the Govern—
ment agencies to be asacolated with projeects should be their preparedness to
co-ardingte end the number of ¢ounterparts they are able to provide. In certain
instances, the first phase of a project mey emphasize, for instance, land and
water survey and the second phase agronomy and land use, s¢ involving the possi-
bility of change in the Governmenti agenocy.

Every effort should be made to ensure effective co-crdination within the
Government organization whenever several depariments are concerned with the
objectives of a projects This 1s reportedly done on Government initiative in
some instances through Project Steering Committees or interdepartmental ocom-
mittesn. The essential criterion is that the. Covernment continues action in the
recommended direction after the project assistance enda.:

Linked with this necessary goiomdimtion ¢f a project with CGovernment co-
operating agencies is its co=ordination with other asslstance programs in the same
subject matter field.

Farmer training and extension

The discussion revealed a general agreement on the need to train the farmers
and to explain innovations through an effective extension service, if development
achenes were to have lasting success., Several aspects were mentioned:

233 The value of demomsirations, particularly in farmers' fields;
The effactivensss of reaching the farmers through the natural and
traditional leaders of the communitys
{og The need for further work among the women in a community;
The need for the close assocliation ¢f an extension service with
research and trainingg

b

d
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{e) The need to set up extension training in a project at the earliest
possible moment after the preliminary land and water surveys have
been ocompleted; ‘ .

(f) The value of finding out whaet farmers really want, if they are to be
persuaded to inoreass productiony

(g) The value of pilot schemes to test out research results in the
economig labour, marketing and other conditions of local farming
before starting large—scale echemes}

(L) The need to synchronize fact-finding on socoial and human oonditions
with faoct=finding on land and water conditions.

Fellowships and training of counterpart technioisnsg

For the foreseeable future, counterpart training at the highest level must
continue to be in the European and North American countiries. Greater use for
training purposes, howsver, could be made of the more develcped ocountiries in the
Savanna Beltj for instance, Sudsan and Kenya.

Fallowship periods were generally insuffiocient. Wherever possible, fellows
should be selected in the preliminary stages of a projeot. Then, after training,
they could return to work as counterparts to the expertis. Alternatively,
counterparts oould receive training abroad when the particular project has ended.
It is ilmportant that counterparts should work with the experts.

There is & general lack of training at all levels. The lack of training for
eacnomic and development activities im particularly marked at the intermediate
level. The great need for training at the sub-university and middle grade level
might be met by atarting projects for this purpose on a reglonal basis.

Training courses, however, become less attractive to candidates if they do
not lead to degrees., There is danger of giving too much responsibility to people
after their middle oocurss training.

8888YC

Devred, in Paper No. 14, siressed the need for increasing and improving
agrioultural research in the region. It involves better co-orination in the
technical and financial assistance to research as well ag the moat effective use
of the available, and very limited, skilled manpower, finance and equipment.

To enable them to assist each cther in this field, FAO is now endeavouring
to co—-odlimate the research work of the individual countries in the Savanna Belt
on an scotogical sone basis. Thus eaoch country concentirates on a few aspects of
research, and the results are pooled. An unnecessary and costly duplication of
work is avoided.

Large wulti-purpose rasearch centres should be developed at the nationmal
level. They make baetter use of available reacurces and can provide a betier
working environment than the small apd single disciplinary experimental statiomns.

Measures were suggested for reducing the sbhourtage of suitable men who come
forward for research work.

During the discussion, mention was made of the lead taken by Sudan in
requesting assistance from FAO in reirisving and indexing the available results
of research.

Projects, especially of the pre-investment study type, should not launch
experimental programs. Instead, they should concentrate on demonstrationa which




can encourage farmera to accept innovations and con faot-finding trials which show
the economic advantage of a project recommendaticn. The demonstrationa and
itrials should begin at the outset of field operations.

The Meeting made the following recommendations on. (a) human and social
faotors; (b) training; and (o) research:

Recommendations on Human d So Factors

Recommendation No. ]

More sociolegical studies, including a ocareful oonsideration of traditions
and problems of land tenurs, should be undertaken in projecie, especially when
they involve the movement of populaticn, settlement and water use.

Recommendation No. 2

. Development planning should not only include the physical and technical -
aspects, but also so aim &t improwving human relationships and attitudes that
benaficial use can be made of the lnowledge and amenities which the project
providen, ’

Recommendation No. 3

. In projecte which involve the movement of population and settlement, it is
necessary to give close attention to sanitation and to preventing communicable
diseases. Assistance should be given by the governmental health organizations,
which have a continuity of responsibility for health matters. In each of these
projJects, there should be financial provision to ensure that qualified staff and
equipment are availahble to ocope with the problems of sanitation and health.
Vhere necessary, WEO assistance should he given.

Recopmendation No, 4

When any project is under consideration, every effort should be made to fit
it into national development plans and to give it a definite and enduring place
in the government structure.

Projeot agreements should provide assured finance, ataff and equipment for
the successful continuation of the work begun by the project. Otherwise there is
a grave danger that many projects will end up as reports in government archives.

Recommendations on Training
Recommendation No, 5

Efforts should be made to secure a balanced program of training at all
levels, from the farmer to the graduste technologist. The training of farmers
should be atrictly practical and aimed at improving preduction and the living
standards of the rural people. In certain areas, agricultural training at the
Primary and middle grade levels is the more urgent need. The training of women
in home economics is very important, provided that it is adapted to the loesal
conditiona and to the avallable materials.

Recommendation No. 6
To develop and improve preoduction, it is essential for the local people not

only to accept innovations, but aleo actively to support them. There should be
rrojects for training and supervising extension workers, who will transmit to
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farmers the result of research, teach new technigues of water use, make bene—
ficial use of the amenities of settlement and adopt improved agriculiural methods.

An extenaion service 1is essential if farmers are to accept their Government's
agricultural policy and development plana,

Recommendation No. 7

To be effective in increasing production, a training program needs the
support of such services as supervised oredit and farm supplies as well as the
organization of suitable markets.

Regommendations on Hessarch
Recommendation No., 8

Practiecal appliad agricultural rasearch should be improved and increased in
the Savanna Belt. The best use should he made of the limited steff end facil-
ities by:

En} Co-ordinating national research programs within an ecological zone;

b) Encouraging multi-dieciplinary research cenires rather than small
experimental stations which are limited %o one or two disciplines;

{c) Prroviding more attractive terms of service for African research
workers;

(d) Retrieving and indexing existing ressarch data for the benefit of
future work and for promoting an improved exchange of information
between the African ocuntiries.

Regommendation No., 9

Regional studies should be actively developed to include such subjects as
those aspects of agricultural and forestry research, health and ecology which
affect the whole regicnm.

Recommendation No. 10

There should be a cleser and more effective collaboration among the inter—
national and bilateral agenciea associated with the harmonious development of the
Savanna regicn.

7« Egonomic Aspects

The basic economic prinoiple in agricultural development for the Savanna Belt
is to choose thome arsas where the scarcse water resources, capital and skilled
management oan be applied to the greatest advantage (for example, those which add
oost to the living levela, starting with food, clothing, and shelter) of the
rapidly increasing population (see Paper No. 15).

Certain criteria are recognized as the bases for priorities in smeleocting the
areas to be studied. In addition to improving the diets of their farm families
involved and of the workers throughout a country, those areas with the poteatial
ability to earn foreign exchange and/or produce goods which would aubstitute for
imports should receive first priority. Other oriteria incliude the adility to
carry out & project without excesslve infrastructure costs, the potential to
increass employment in productive enterprises, and the relationship and relative
importance to the established development policiea and planse of the particular
Government.
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There are iwo approaches 1o the carrying out of development projecta. Cne
first indiocateas what ia technically feasible and then determines whether it ia
economically feasible. The other first determines what an arsa needs for accel-
erated development and then what are the regquired technical measures. To reduce
the time taken for selscting workable projects, the twe approaches should be
combined, since the technical and economio phases complement and supplement each
other.

Recommendation No. 1

The eccnomic and technical studies should take place simultanecusly through-
out the life of the project, thus providing the necessary technical end economiec
data for periodic appraisals of the potential usefulness of the technicsl work in
progress and for the final ecconomlo feasibility study of the proposed follow—up
projeets for inveaiment.

Recommendation No. 2

Timing and content of economic studies in the UNDP-FAO Land and Water Use
Projeote for the Savanna Belt should be given greater emphasis in ordexr to Ea
set forth the economic and soccial contributions expected from the project;y (b
determine the relative importance of the project in the coverall eccnomie, social
and political development of the country; and (o) speed up the determination of
the project's economic wviability. Teo accomplish this, provision should he made
in each project requeast for an international agricultural procduction economist as
an early member of the project team, with cone or more full-time counterparts.

Recommendation No.

To inorease the effectiveness and usefulness of the economic appraisale (of
investment projects) which are the basis for decisiona by plarming and financing
bodlies, project managers and economists should preasent the information clearly
and systematically. Such & procedure is set forth in "Economic Aspecta and
Elligibility of Projects for International Financing", now available from FAO/IBRD.
This, or a similar, procedure provides for an eccnomic feasibilliy analysis of the
projects which will show {a) the "benefit—cost" ration; 2b) the "internal rate of
return;” and (o) the "capital-gross value added" ration (total investment-
inecremental gross value of production). In addition to the financial statements,
the "intangible" benefits Bhould alsc be indicated, mo as fully 4o explain the mérit
of executing the project.

This information will be useful for possible investment projects with the
World Bank (IBRD), the International Development Assoclation fxm), the African
Development Bank (ADB) or other possible sources of investiment funds. These
international sources of funds are availsble for large river irrigation schemes
(including pilot development schemes), medium-sized irrigation echemes, and some
small=-scale projects for water supply, or & part of a sufficiently large agri-
cultural development project.  The funds are als¢ avallable for nomadic livestook
development projects which require water development in the nomadic zone. Funds
for agricultural production and supplies are available from agricultural banks,
farmer co~cperetive oredit associations and individual savings. Much of the
investment required for infrastructurs will be financed by the Government from
its budget.

Recommendation ¥e. 4

Because of the dearth of information available in the Savanna Belt, apecial
farm management studies should analyze (a) the economics of altermative enter—
prises (orops, livestock, nomadie livestock, and forestry)j; (b) alternative
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systens of farming (cash crope, livestock and mized); and (o) alternative
sources of farm power (human, animal, and neohaniaals, especially on the rainfed
¢lay plains. The studies should be conducted on both the rainfed and irrigated
landa.

To help farmers in making decisions to inveat funds in adopting new prac-—
tices and farming systems, small pilot experimental-exploratory plota on types of
erops, varlatles, fertilizers and culturazl practices should be siarted at a very
early stage in the project.

At the end of two crop years, the data should enable gmall pilot farm or
farming systems demonstrations to be Bet up. Later, large pilot demonstration
schemes (500 - 5,000 farmers) could be planned, if the preliminary economio
feasibility analyses indicate project wviability.

Special economio studies of nomadio liveetook production, holding yards and
fattening pens aa well as small farmer forage orop production for nomadic live=—
stock may be needed in certain areas.

Recommendation No. 5

Since water is a major problem in the Savanna Belt, special studies on its
economice should be made. They should include the cost (and values at the point
of consumption) of drinking water for humans and animals, as well as the cost of
irrigation water for large, medium and small irrigation works. As a preparation
for these studies, FAQ and IBRD should provide the project manager and economist
with appropriate water economios data obtained from current and established pro-
Jeots of a similar nature in the Savanna Belt and in adjecent aress.

Reocommendation No. 6

In view of the long distances from local, national and world markets in most
of the Savenna Belt and the lack of educational, health and government service
facilities, there should be special studies on transport ccsts (air, rail and
road), communications and infrastructure costs.

Recommendation No. 7

There should be marketing studies for (a) export and perishable productis;
{b) handling and storage oharges; (o) processing possibilities to reduce bulkinass
and to inorease the area's gross revenues; (d) looal and national consumer pre—
ferences; and {e) ilmprovements in marketing and distributive organizations.

In large development projects, there should be provision for the practioal
training of personnel 1o work for za) oo—pperativug;fb) merketing beards; and

(o) other markeiing enterprimses and services. Dlemonstrations of effective
marketing methods together with packing and processing planta, wholesals and
retail markets, storsge and other operational marketing facilities should alsc te
planned.

There should alesc be demonetrations of the ways in which to implement the

contractual arrangements whereby produce is grown, graded, and delivered, accord=-
ing to the specific requirements of known consumer and processing markets.

Recopmendation No, 8

Since traditional prestige values and the subsietence non-cash economy part
of the Savanna gone are hindrances to overall economic development, particularly
in the efficlency and utilization of livestook resources, the wayas and means of
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transforming the economy of the livestock enterprises into a cash economy should
be investigated. Demonstrations which would stimulate interest to prooure money
for needs, hithertc unfelt, deserve epecial attention. An example to be studiled
is the experience geined in projecting the Zande Ievelopment Scheme in Eguatoria
Province in Sudan on the Jjeoint basie of production and trading divisions.

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

The Meeting provided a fairly general survey of the human, olimatie, soil, animal,
agricultural and capital resources of the Savanna Belt. These rescurces are sub—
stantial apnd, if properly developed, could provide an increaeing population with =&
much higher living standard. Nevertheless they are below those of most otber eco—
logical regione in the world, therefore assistance from other parts of the world will
be an essential factor of Savanna development. The total amcunt of assistance from
various sources is, however, limited.

Though assistance from the United Nations and its Specirlized Agencies has not
been negligible, it does not measure up to the needs of the Savanna Belt. The main
problem is {0 make the assistance already offered or promised as effective as pos-
sible. A main purpose of the Meeting, therefore, was to decide how to co—ordinate the
various efforts in the Savanna Belt.

In this respect, the Meeting unanimously recognized that the paramount ocondition
of development is to achieve a complete co-ordinatin and collaboration of projects
with the twe fundamental factors in each country of the Savanna Belt: its Government
and its people. The continuity of Governmeni policy, defined by naticnal plans and
co=¢cmdineted at all levels, is a prior obligation. The Meeting proposed mpecifio
recommendations in view of such co~ordination.

Successive adjusiments will involve consultations with the Covernments at top
level., It ie, however, important to maintain the prineiple of collaboration and %o
essure that each project has a permanent place in the governmental structure and
PTOgrams.

On a number of occasions, the Meeting emphasized the important part which the
local people must play in making projects successful, and particularly in following
them up. It recommended that more attention should be given to ecconomic, social and
human feetors in preparing pre-investment studies.

At the present time, the most limiting factors to development in the Savanna Belt
are water use, commtnications and eapital resources. They should be given prior con-
sideration.

The natural conditiona and resourges of the Savanna Bslt should be fully appraised
before any planning for development is undertaken,

The Savenna Belt contains large areas of solls with a good potential. They need
to be surveyed and delineated. Fer many years to cowme, im fact, soile are umlikely to
be a limiting factor in the development of the region.

Water — whether rainfall, surface water or groundwater - is an important resource,
but it is ill distributed and misused. Rain water, which amounis annually to some
2,000 million cubic meiers for the whole region, is concentrated in a single seascn.
This season diminishes from about seven months in the south to less than twe months in
the north, where rain falla irregularly and in short spells. Where the intensity cof
rainfall is often high, it can cause erosion.
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In a greater part of the Savanna Belt, water resources are mainly in the forme of
rainfall and runoff., In areas with a rainfall higher than 300 mm, emphamis should be
mostly on & balanced integration of rainfed agriculture and forestry with anizal pro-
duction. Attention should be given to diversifying orops, improving agriculiural
{echniques and, wherever advissble, maéking good use of mechanization. In northern
areas with an annual rainfall of leas than 300 mm, livestock production should be
combined with range mansgement and & ocareful use of the scanty water resources for
drinking and supplementary irrigation.

The four main river wvalleys represeni the chief surface water potential of the
Savanna Belt. Their potentialities for egricultural development should be studied
separately; first by a general reconnaissance, whers required, and then by more

" detalled surveys, with a view to finmancing the establishment of large irrigation
projeots.

In all areas, priority should be given to demcmstrations and tc training projects.
Studies of heme and external markets oan play & vital part in gradually leading the
people from & subsistence to a market economy. These studles should also include
methods of ipproving transport.

Whersver appliocadle, the economic eoriteria regarding eligibility for finanoing
should be established for the various types of agrioultural development and for the
improvement of infrasiructure. In this way, possible investors are provided with a
wide range of oonditions. These conditions,; when subjected to a comparative
evaluation, could aseiet Covernments in melecting their economic priorities, particu-
larly when a choice has to be made between irrigated and rainfed agricultura. Availl-
able external capital resources should be secured to the more promising conditicons.
For those less favorable, grants rather than loana should be used.

Here again a plea is made for the co-ardination of effort. Members of the United
Hations family should frequently consult among themselvesa to ensure that this strategy,
if adopted, is firmly carried out. The Governments, in their {turn, Bhould collsborate
closely in co~ardirsting the assistance which they receive from outaide the United
Nations family, According to plan, this assistance should be assigned to develepment
projects not eligible for external financing, which would impose too great s load on
public financeas.

Finally, the progressive advance in knowledge and the assembling, study and dis-
iribution of the techniesl information gathered in this buge regiom should be the
object of an overall plan which reflecis simultanecusly both the need for further
agricultural research and the most appropriate means for pursuing it. Every effort
towards co-andination and standardization and towards an increaeed efficlency of
demonstrations is a step in the right direction.

Proposed organization

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

1. 4 permanent small panel should be eetablished by FAO i¢ co—ordinate action
and ensure ita continuity, to gather information and to redistribute it.
2. This permanent panel should draw as required on the services of a group of:
a) Specislists from Headquarters;
b) Experts from projects in the Savanna Belt, FAO Regiconal Offices and ECA;
¢) Consultants to be recruited;
d) Representatives of other UN Agencies invited aa required.
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6.

The function of this group will be:

a) 1o ocentralize and classify available documentation;

b) to identify projeots, draft preliminary requests and suggest

priorities in line with the approved sirategy.

The Governments should be enmpouraged to set up an mssociation of countries
or an inter-State committee to provide liaison with the United Natlone
family for the necessary developmeni of the Savanna Belt.
A panel of senlor comsultantis should be ncminated to maet at one-year
intervale in order to seleoct from ldentified projecta those to be aubmitted
for United Nations Development Program approval, and to suggest a mohedule
of operations for a long-term period for these projects, taking into scgoun?d
the finanolal terms.
The assistance of the UNDP should be sought to implement the above
reconmendations.
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ANNEX I

Ligst of Participants

Representatives of the Government of the Republie of the Sudan
dnvited to attend the Meeting

Ninister of Animal Rescurces and Water Development

Minister of Agriculture and Foresta

Minister of Industry and Mining

Miniater of Irrigation

Representative of the Ministry of Health

The Acting Dean, Faculty of Agriculture

Sayed Abdall Abd el Rahman Nugud Alla

Permanent Under-Secretary, Ministry of Foreign Affairs

Permanent Under—Secretary, Ninistry of Finance and Economios

Permanent Under-Secretary, Ministry of Local Government

Permanent Under-Secretary, Ministry of Irrigation and Hydro-Eleciricity Power

Dirsctor-Qieneral, Rural Water Development Authority

Acting Director, Depariment of Agriculture, Ministry of Agriculture and Foresis

Director, Forestz Depariment, Miniastry of Agriculture and Foresis

Director, Ministry of Animal Resources

Director, Geological Surveys, Ministry of Mining and Industry

Director, Surveys Depariment .

Director, Land Use and Rural Water Development Depariment

Deputy Direcior, Land Use and Rural Water Development Depariment

Sayed Fadul M. Nurain, Econcmio Planning Division, Ministry of Finance
and Economics

Sayed Abdel Aziz Bayoumi, Assistant Director of Research, Foresets Department,
Ministry of Agriculture and Forests
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ANNEX II

LA1SF/SD/66/INF/1

TRANSIATION OF TEE OPENING AIDRESS OF HIS EXCELLENCY
" THE MINISTER OF ANIMAL RESOURCES AND RURAL WATER
DEVELOFMENT

I¢diea and Gentlemen,

It gives me great pleasure to welcome you, our honourable guests, men of ascience
and learning, and ocur countrymen who participate in thias important conference on
development of the savanna belt in Africa.

We attach much importance to the objectives of this conference, not only because
it has been initiated as an important issue by an important world organigation, in the
activities of which we are honored to participate, but also because the development
of cur savanns belt is cur means for larger economic development and raising of our
standards of living and prosperity.

ladies and Gentlemen,

The savanna belt in the Sudan covers the widest and the most important areas, Its
development in broad objectives means the development of the whole country with' the
exception of one third in the form of memi deserts and deseris of the North, the
awamps of the Upper File and the tropical forest belt. The belt includes under dry
ferming our main production centres for crops and livestock and therefore it is the
backbone of this country's economy and wealth. In it now live over T0% of the
population who produce as mwuch as 90% of the nzational income., The potentialities, however,
for moreaccommodaticn of people and more production are very great.

We consider that the development of the economic possibilities which this belt
offers is the hope and responsibility of every Sudanese, but this goal cannot be
achisved without the use of proper scientific means and hence you are the peorvle ta
whom we can look for help.

It is with much satisfaction and gratitude that we appreciate the Special Fund work
in Kordofan and the Wuba Mountains and its work in the fields of Forestry Education
and Soil Survey and the Survey of Jebel Merra. Thease Special Fund Projects have done much
work in the 'field of mgricultural research for better orops, forestry and pasture
production, besides other activities on provision of domestic water supplies for man
and his beast.

Ladies and Gentlemen,
Some of the efforts of the government of the Sudan in thias belt can alsc be seen
in the development of the irrigated areas in the Qezira, Uasim El Girba, and the

pump schemea scattersd on the banks of the two Niles, besides the new Rosieres dam built
for the irrigation of projected Rahad and Kenana Schemss.



The achievement of the government in the field of animal production is also
clearly indicated by the coniinuous rise in the number of animals as a result of very
active veterinary care which checked serious epidemics and common diseases. Thia policy
is adopted by the Government in the hope of making full use of the animal wealih of the
country., It necessitates closer action in the improvement of range land, animal hreeding
and production and marketing.

ladiea and (fentlemen,

The conservation and development of the natural resources of the country as a
whole also take much of the attention of the (overmment. It is realised that land,
vasture, forsatry and water form the backbone of our agricultural development now
and in the future. We believe that kesping these natural rescurces in good condition
and using them on proper scientific bases should guarantee continuous production
without deterioration.

Since the end of the last world war the Jovermment has achleved much in the field of good
use of our natural rescurces,and much of this work was done with the help of Mr. de '
Vajda, the Director of thie ‘(onference who contrituted much to those achievements in
bard executiwve work as an official of the Sudan Covernment.

The Government is now launching a large project for making available domestic
water supplies in this central belt of the Suden to remove a barrier prohibiting a
wider and preper land use.

ladies and Gentlemen,

This long introduction is merely a register of some of the activities and
achievements which may be part of the subjecis you are going to discuss in thia
Confarence, on which the eyes of many African states are focused, ¥We have been
vyery much honoured to have the conference held in Khartoum,

It pleases us very mich that other African countries make use of our achievements
g8 much as it pleases us to make use of some of their conditfionsa.

I+ is very gratifying to note the many interesting subjects on the Agenda of the
Conference dealing with the wvarious research works in the various asister African
states,

I should like t0 thank mll who have been able to attend this Conference,and in
particular our honourable guests of the Special Fund,the FAOQ and other International
Organizations of the United Nationa, not only for holding this Conference in the
Sudan tut also for the much appreciated joint work in Kordofan and Jebel Marra and
other fields of agricultural and social work in the Sudan.

Iaat Tut not leasty it gives me great pleasure to thank again Mr, de Vajda,the old
friend of the Sudan,and express to him our deepest gratitude for his previous hard
productive work in all parts of the Sudan and for the continuous advice and suppori
he hac maintained up to this day.

Thank you and God bless you all.
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. . 1A SF/SD/66/INF/2

STATEMENT BY HANS W. KAMBERG

Resident Representative of the United Nations Development Program
in Sudan

Tour Excellency, Honourahble Ouesis, Ladies and Jentlemen,

It iz a great honour for me and a very pleasant duty to welcome you in the name
of the Administrator and the Co-Administrator of ‘the United Nations Development
Program to this most active city of Khartoum, and tc this meeting on the Development
of the Savanna Belt in Africa.

You have come to thia capitml of the country in Africa covering the largest area
Just a few days after the second anniversary of the October Revolution which:srestabllshed
democracy in the Sudan, That it was posaible to arrange this meeting such a short time
after extensive festivities on the occasion of thie anniversary is largely due to the
untiring efforts of ocur Sudanese friends. I am sure you will ellow me to be your mouth-
viece in expressing our heartfelt thanks to the President and the Members of the
Supreme Council for welcoming us to this highly interesting country and sseing to it
thet facilities are extended for the comfertabls conduct of this meeting. Our appreciation
certainly also goes to the Prime Minister and the Council of Ministers and to those
high Qovernment officials who have taken the necessary steps to make sure that the
mesting and the field trips can be carried out successfully. This, in & very special
way, includes 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 varicus messions of this meeting, and Dr. Baycumi, the former Director
of the Land Use and Water Development Department, who has a long-standing association
with cur United Nations Development Program, heing for many years the promcter and
supervisor of one of our major projects in the Savanna Belt, the Land and Water Use
Survey Project in North Kordofan.

RBefore leaving the floor to Mr. Andrew de Vajda, Deputy Director of the Land and
Water Development Division of the FAQ, the guiding spirit of this important meeting,
to talk about its more technical aspscis, I would like ito make a few brief remarks. on
what I would consider the overall significance of your forthecoming deliberations.

These 1lie in the following three aspects. One, in the area of sooial and economic
development within one countrys secondly, in the realm of African regional development
and co-operation, and thirdly, in our constant task to refine the techniques and
procedures in providing technical aasistance,

Those of us who are involved in the promotion of development of countries in Africa,
regard with concern the many obatacles with which plammers are constantly faceds
insufficient funds, insufficient statistics, insufficient trained perszomnel,
insufficient communications, and, above all, insufficient knowlsdge of facts and figures
about certain areas of the African continent which lie dormant with possibly unkmown
wealth and potential. Only toc often the paramount interest within a developing country
ie directed to areas that seem at a particular time to be more promising. It is only
8 very natural reaction that developing efforts are directed again and agsin to places
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and areas where development has already started. It is thess areas that appear to be
most promising eand easy to develep which constantly attract new attention and
investment. But governmenta, fortunately, are becoming increasingly aware of the
neceseity to carry forward economic development on a broad front, to look into the
poasibilities of development also of those regions of the country which have sc far
been lef{ behind. May I, therefors, express the hope which certainly has been on the
mind of the plarmers 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 financial and technical assistance agencies for the rational
development of those forgotten backward areas within the Savanna Belt of African
countries,

Another significant area of interest and of potential impact of this meeting
lies in the realm of regional development and cooperation. One very important
dimension which international agencies have added in the last few years to the concepts
and efforte towards development in the world is the concept of the potentirl development
of regions which cut afross national boundaries. What is happening right now in the
Mekong River Basin, in the Paraguay River Basin, and what is hopefully going to happen
within the regional project of the lake Viotoria Catckment Area, where the interest
and resources of various countries are being pooled, are bui three examples of
promising developments now gaining in impetus in different areas of the world.

I would hope, therefore, that this conference will not only serve as a forum
for the exchange of statistica, descriptions of existing projects, of research resultis
on land wuse, agronomics, commumications and market studies, but will also be the
source of new ideas on regional relationships, division of labour and production and
possibly reglonel project financing. I suggest, therefore, that with our feet planted
firmly on the ground of available technical kmowledge and experience, we allow our
imagination to fly high reaching for the yet unattained goals of regional co-operation
which would certainly bring the develorment of the African nations one consideratle
step forward.

The third area of.significeance which I see in the calling of this meeting is
more directly related to the agencies which provide Technical Assistance, It has to
do with the refining of the techniques we used in providing technical sssistance
and the comsequences drawn from the experlience gained in our work. Although this is
not the first meeting of ita nature, I should like to think that it will contribute
to providing the intermationsal tachnical assistance agencies of the UN family with
further useful knowledge and experience which might be applicable to other areas
of technical assistance endeavours, While it is a well-known fact thet it is 1ncreas1ngly
difficult even within one country to keep track of reports and studies which havu
been produced a few years before, and to apply the valuable information contained in
them, it becomea even more difficult and sometimes almost impossidble to take advantage
of useful periinent and applicable findings from aress which may be aimilar in their
character but which ars separated by national boundsries. In recogniging these great
difficulties in the exchange of experience and findings, the United Nationa Develorment
Program and the Food and Agriculture Organization have called this meeting to find
vays and means of bridging the gap in the sharing of experience,

I em sure that the representatives of all the organizations of the TN family present
here will lock with the greatest interest at this aspect of your discussicns with a
view to facilitating exchange of technical knowledge snd experience within their own
fields of activity., As the representative of the United Nations Development Frogram in
this country, I have always considered it one of my major iasks to help the experts
of the varicus agenciea working in this country to draw on each other's experience
and each other's lmowledge. Any gathering which would help to disseminate such
information not only within one country but within several countries of the same
region should certainly attract our greatest attention and support.
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Moreover, I would like to draw your attention to the fact that the United Nations,
the World Health Orgenization and Tnesco have joined hands with FAO to share their views
and findings in this Meeting. I consider this io be a further demonstration that we
have now left behind the earlier deys when techniocal amsistance ito development was
all too often seen as the domain of one or ancther discipline. I may point out in this
connection that in our Land and Waier Resources Survey Project in Jebel Marra we have
counted, among our experts, hydrologists, geologists, agronomistas, horticulturiats,
econonists, soil-survey specialists, engineera, as well as medical doctors, Toad
sxperits, sociologistis and anthropologists.

With this expansion in depth of development efforts in mind, the United Nations |
Development Program, without in any sense attempting to pre-empt the scientific and
technical dominances and prerogatives of the Specialiged Agencies, does play the rTole
of catalyst, looking for ways of encouraging further inter-disciplinary approaches.

May this exercise in which you are engaged to share seperately gained information,
form a common body of knowledge about the African Savenna Belt, and may it also serve
g8 a first stop to the continued exchange of idees even if a mesting such as this is
not repeated in the near future. The perscnal reletionships you will have occasion
to esitablish between youraelves will certainly make it possible for you to keep in
oclose contact with emch other in the future. '

Having said this, I do not wish to keep you from your work any longer. I only
wish to thank you for having come to this most interesting and challenging country.
I hope you will bear in mind throughout your discussions the three significant troader
aspecis of this meeting. I wish you every success in your important deliberations.




- 38 -

LAs SF/8D/66/1WF/3

OBJECTIVES OF THE MEETING AND ITS VALUE FCR THE
AFRICAN SAVANNA BELT

A. de Vajda
Deputy Director
Land and Water Development Divisgion
FAO Headquarters, Rome,

This mesting is the first of iis kind, bringing together Project Managers of a
number of United Nations Development Program (Special Fund) Projects operated by
FAO, working in' the same climatio and ecological areas, having similar problems and,
to & great extent, similar physioal and even soil conditicne,

The UNDP/FAC have melected the Savanna Balt for this first meeting because the
Savanna Belt of Africa, and this applies also to the other Savanna areas, has a number
of important common problems which ere at preseat under study. Problems of water
supplies, amcarcity of grassland and low agricultural production have in the past made
the lifs of the pastoral and of the settled porulation difficult. The majority, if not
all, of the countries in the Savanna belt have become independent within the last
fifteen years and this, together with the increase in population and social and econcmio
development, has madd ihese problems more acute.

He who have lived in and studied the Savanna area have always felt that in apite
of the scarcity of water and soil moisture, living conditions in the Savanna could be
made attractive and could compete with other areas of the African continent. The
African Savanna, spreading from the Red Sea and the Indiesn Ocean to the Atlantic, has
a healthy climate and often sufficlent capability to maintein a substantial agriocultural
population as well as livestock.

It is certainly worthwhile studying the means and methods of inoreasing the
potential of +the Savanna for agriculiure in its broadest sense, Exchanging information
and making kmown to the whole Savanna belt the results of experience already gained
certainly deserves attention. There must be a limit to the productive capacity of the
Savannza and it is certain that the population, due to better health and other social
messures, will increase, causing a surplue which will have to be employed elmsewhere.

4 study of the best use of the surplus population should really form part of the study
carried out in most of the Savanne projects,

. "It is, therefore, evident that in addition to purely hydraulic and agricultural
aspects many other problems have to be studied. One of the main characteristics of

the Savanna belt is the great distance from harbours as well as between inland owvasumers,
The quesiion of transport, therefore, needs specifio consideration. A combined study

of transportation and markets hag to be included in any development planning, The same
applies to indusiries based on the yrocessing of agricultural products; this not only
from the economical point of view, but aleo because these industries might vrovide
additional jobs for a substantial percentage of the population. This additional
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enployment under Savanna conditions is of very great importance. The oreation of
additional jobs will become mors necessary with the growth of the population and in
view of the relatively limited internal agricultural resources, With regard to
industries, we are thinking in the first place of tanning industries, cotton mills;
yrocsssing of vegstable oils. When planning regional development, these In'ocessing
industries should be linked with the planning of agrioultural production.

Nearly all the rrojects which are represented at this meeting deal with resource
studies, Some of them deal with irrigaition potentiali tc theme helong some projects
in %omalia, the project in Sokoio, Northerm Nigeries, and projects in the Republic
of Niger, The Northern Ghana project is also partly directed towards the utilipation
of streams for irrigation purposss. But the majority of the rrojects represented here
deal with the conservaticn of moisture, the yrovision of drinking water for man and
livestock, improvement of animal health and quality of livestoock, and grass cover and
afforestation, including timber production and maintenance of the gum acacia.

Ve have selected the Sudan for this meeting, not only because of its central
gecgraphic position and because of the large number of projects in this country located
in the Savanna belt —~ these are the Jebel Marra project, the completed Kordofan survey,
the Foresiry project and also the Soil Survey, part of whese activities are also
located in the Savanna belt-— but also because the Sudan is one of the most representative
areas of the Savanna belt and because of the wide experience already gained in this
country. Here in the Sudan projects exist under climatic conditions which vary
conslderably, dealing with almost desert conditions to the north of Bara and Mazrour
and extending into areas of good rainfall in the south.

As I already mentioned, this meeting may be visualised as the first of a series
of meetings which we hope will later develop intc seminars desling with the various
specific aspeots of the Savanne belt, What we hope from this first meeting is an
exchange of experience gathered during project operations, es well as of problems atill
to be solved, Such experience, whioch we believe the Project Managers and their counter-
parts end the representatives of the various countries will be able to submit to the
meeting, will help to formulate future projects in cases where it is felt that certain
problems have not been atudied by any of the eximting projects. It will aleo help to
allocate certain specific studies to individual projects where conditions are most
sulted for mich investigations,

We alsc hope that at this first meeting contact can be established between the
various countries with a view to olose and continued co-ocperation in regearch
sctivities and, where pomsible, in joint programa. Given the great similarity of
physical conditions as well ap of soclio=soconomic objectives, such close co-cperation
and, where possible, joint yrograme in all aspects of Savanna research will not only
result in considerable eccnomies by usling results obtained in one bensficially in the
other Sevanna countries, but the availability of dependable and tested results may
algo facilitate decisions regarding specific programs and projects and help to avoid
mistakes due to lack of practical experience. The bensfit of close co—operation will
be not only in the technical field but will alsc improve solutions of organizational
and operational problems. We trust that contacts eatablisbed during the envisaged
future periodical Savanna meetings will help to initiate a number of regional projects
gimilar to the UNDP projecta for 'the Chad bamin and the Senegal river.

Further, we hope that this meeting will point the way to a sufficiently intensive
study of groundwater potential which, under the conditions existing in the Savanna,
might be one of the solutions for increasing agricultural production and improving
living conditions in large areas hitherto not utilised. Thie does not mean that the
harnessing of the mcarce surface water should be neglected, neither does it mean that
bold molutions for the transportation of available river water or improved storage of
surface run-off should be excluded, Even less should this mean that efforts to conaerwve
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g0il moisture should not continue with the greatest possidle intensity. However,
we feel thet the utilisation of groundwater has not been carried sufficiently far and
it can contribute in the future to an important development of {the land resources.

It is clear that the problems of the Savanna belt must be viewed againat the
geographical background of the region in its broadest sense where climate, soil and
wvator as well ag socio-economioc conditions are the basic elements which will decide
policies 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 projects for implementation,
Although we consider that at present moat of the rrolects may not be ready to serve
as a basis for actual requests for international financing, we hope that this meeting
will help to clarify ideas as to the eligibility of projects for such financing.

Finally, I hope that the participants, including the consultants, ¥will direct
us towards new solutions and prepare the way for future joint work in the complex and
difficult problems of the Savanna.
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LAt SF/5D/66/INF/4

STATEMENT BY TEE REPRESENTATIVE OF THE
ECONOMIC COMMISSION FOR AFRICA

W. Habashi, Chief, ECA/FAO, Joint Agricultural Division, Addis Ababa

On bebhalf of the Executive Secretary of the Economic Commission for Africa I wish
to thank the United Nations Special Fund Development Program end FAO for making
it pessible for the xCA +to be represented at thims meeting.

The importance which the FEca attaches to this Seminar stenms from the nature
of the problems of economic and social development of this vast region of Africa
¥hioch ie estimated to ocoupy about 22% of the area of the Continent, and to be
ocoupled by about 22% of all its population, and also from the hope we have that
diecussion of the work undertaken under the various projects, the subject of this
Seminar, will lead to solution of the problems involved in the best economic and msocial
intorest of the people of the Savanna region in pariicular, and of the economic
growth of the countries to which it belongs in genoral.

Some of us present here who have worked in Savenna aress or travelled through
them will be acquainted with some of these problems end will probably have lived them.

: The first and meost important problem of the region is its limited water remources.
Apert from a faw Tiver besin areas where irrigated agriculture sustaina fairly dense
vopulation céncentrations, human and animal life over the greater part depends on
rainfall wbich also determines the flora and genersl ecology of the zone, Reinfall

is not only seasonal covering three or four months of the year, but also variable as
between seasons, in terms of both quantity and distribution, At ita lower end, rainfall
ranges between 100 and 250 mms. per year, and in this part of the region, no crops

can be raised, but only short grasses and a scatter of bush scrub grow, on which
livestock, mainly camels and sheeq can live. Proceeding south, rainfall improves/,
ranging at its higher limits between 500 and 750 mmse. per year, and taller grasses and
a thicker type of tree growth, mainly Acacias and Balanites specie%’ constitute the

main flora, Here, production of cereals sa a staple food characterizes the asgriculture
of the region, and sizeable numbers of ‘cattle and sheep thrive. Depending on the kind
of soil and quantity of rainfall, a range of cother crops like 01l meeds and sghort staple
cotton is produced, and forest products like gum ard timber for fuel and local buildings
are harvesgted. Where irrigation possibilities exiat in parts of the region, perennial
and seasonal orops like long steple cottons, fodder crops, cereals, and vegetable and
fruit are raised, depending on volume of irrigation water, suitability of soil and
seascnality of crops.

Since it is water supply whether from rain or from rivers which will ultimately
shape the pattern and decide the extent of agriculiural development of the Savanna
region, therough studies and inventories of water resources must receive top priority
of atliention in owr studies, and in this respect our studies must sesk ito ascertain
the most effective and econcmic means of conserving domestic water for humana and
animals during the dry months in the dry parts of the region, and the limits of ceriainty,




with the least hazard, of development and extension of dry farming. These are
important considerations in as much aa no egricultural development activity of
erop production or livestook raising can be sustained if potable water is not
available after the rains for humans to harvest the crops or' for livestock to gTraze
the pastures, and aleoc in as much a8 limited capital resources demand that minimum
risks of climatioc hazards be taken, '

Btudies of water resources in terms of wnderground water, surface water in
wells, rivers or natural or artificial catchment areas must essentimlly take csre of
investigations of land use capabilities of the soils round the water centres to be
developed, as effectlve economic use of the water itoc be supplied in eny area can be
nade only to the extent of siretch and crop producing or livestock carrying capacities
of the =o0il round i%, This will help in gearing development of water supply to
optimum economic land use possibilities, and in avolding situations of investment in
water develorment works in areas where land uss ocapabilities for orop or livestook
production are meagre, and investment in capital installations in land beycnd weter
supply limits. Cne oould quote many examples of such pituations. Such investigationa
will have to cover the agronomic and production sconomics aspects of produning various
commodities, and will be wvaluzble in determining the pattern and scals of feasible
enterprises to be undertaken. The organizational, administrative and rural institutional
aspects of control of numbers of farmers and/or numbers of stock to the limits of
resources avallable as different situations may demand, and of the necessary agriocultural
services to the schemes fo be developed should also not be neglected.

Another problem of the Savanna region is the rroblem of distance and means of
communioations and iransport, Cost of transport is an important element in the cost
of production of the commodities to be produced, and the speed wilth which produce can
be brought to the market in the right shape and condition is bound %0 influence its
narketing opportunities, The Savanna region is land-locked and faocilities of trunk
road or rail services and of feeder orop extraction roads to bring its produce to
main congpumption centres or export points are necessary., The cost of opening roads or
extending rallways is bound to be influenced by the exitent of the development to de
served by suoh facilities, and the volume and value of produce 1o be cerried from
production centres and of the goods to be carried into them. The need for careful
consideration of the eccnomice of communication and transport fecilities, and of the
ancillary requirement of storage connected with them cannct bs over—emphasized.
Information available about the techniques and sconcmics of road transport under
different soil conditions in Africa is inadequate and is not standardised, and exchange
of experiences in this field will help developing the right approach to each situation,

The relative economic merits of moving livestock on the hoof with all that is
involved in this means of transport in the way of ensuring adequate pasture and water
requirements en route, of moving it as meat from =slaughter-houses sirategically
located by air or in refrigerated trucks or railway wagons, and the relative econcmic
merits of moving produce such as oil seeds and coiton in whole, semi processed or
fully processed forms demand inveatigation,

We have already noted that the population of the Savanna region ig estimated at
about 22% of the whole population of Africa, In absclute terms of number of people per
sgquare mile, the population is thin and scattered, dut in relative terms of work
opportunities available at the present state of development, there is a surplua of
human hands which can be more effectively occupied within or outside the region. How
much of the sciive rroductive part of this porulation can be utilised in development
within the region will depend on the nature and smize of the projects which evolve
from the studies in hand and such other studies as may be undertaken in future, This
will in turn decide the size of surplus labour which may be available for investment
in bigh labour demanding enterprizeas outside the region. It is a wellulmown fact that
such operzations like cotton picking in currenily operating enterprises like the
Gezirs echeme in the Sudan, and cocoa, rubber and oll palm picking in plantations of
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countries of the Weat African Coast depend for their timely performances on mobile
labour which migrates from the SBavanna areas of these countries, and even from
Savanna areas outside political boundaries for work on such achemes 3inhetween rainy
seasons, The economic use of labour in development projects within the region will,
{therefore, have to be assessed in relation to the impauct such use may have on the
requirements of such running enterprises currently dependent on such labour.

These considerations will essentizlly pose examination of poseibilities of
mechanization of operations under different situations within and outside the
Savanna regioni studies of the economics of mechanizaiion where technically feasible,
of ite requirements in the way of skilled mechanics and operetors and of the way and
means whereby such requirements can be met muat alsc be made., The problem of skilled
manpower at &ll levelp rs a acarce resource in Africa, will have to be studied in
respect of the requirements for it within the region, in the context of the national
requirementa of all gectore in each country for this scarce resource.

And lest, but not least, the problem of capital as a scarce resource in Africa
must cocupy & central place in our studise. Investigations must cover estimates of
oapital establishment and operating costs, in components of foreign and lecal currency,
indications of possible sources of financing and cost of such financing in the short,
nediue and long term.

Integration of all these studies and research should enable us to determine the
optimum utilization of scarce reacurces for the effective increase in rreductivity and
" produotion in the region and ite contribution to the economic growth of its countries.

The Economic Commission for Africa, in line with ite program  of working to
promote regional economic co~0operation and intra-African trade, fixes great hopes on
the outcome of these studies, and greatly commends this approsch of bringing experiences
from different parts of the Savanna region together for exchange of views and
disoussicn of problems of common interest, and in it, it feels it has support for
its strategy of working to promote sub-regional co-—operation in the economic and
goclial development of Africa.

We wlgh the Seminar every success snd we hope that the studies in hand will
Yield results to enable the national planning of projects to be implemented for the
economic benefit of Afrlce and the well-being of ita people.
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STATEMENT BY THE REPRESENTATIVE OF THE
AFRICAN DEVELOFPMENT BANK

L. D. Matovu, Permanent Secretary, MNinistry of Commerce and Industry
Kampala, Uganda .

Mr,., Chairman and distinguished Delegates,

The President of the. African Development Bank, Mr, Mamoun Beheiry, has asked me
to convey him most sincere greetings to this Joint Meeting of the United Naticns
Development Program  (Special Fund) and the Food and Agriculture Organization, and
his best wishes for the success of this very important meeting. It is hoped that the
discuseions which will be held during the following days will be very fruitful and
that appropriate ways and means can be found for the implementation of their results
to the benefit of the people in the Savanna Belt.

The African Development Bank which I have the honour to represent at thils
meeting is a relatively young institution - it is only two years old, With a membership
of t{wenty-nine independent African countfries as shareholders, the Bank covers moat of
the African continent, Within a period of two years since its inception, the Bank has
consolidated ite poaition as regards staffing and increase in the number of member
countries, As you may know, the Bank has started its ¢perations since July of thia
year and it is now developing a general credit policy. Alreedy the Bank has sent
missiona o several countries to examine specifie projects for financing from its
funds. )

The African Development Bank attaches great importance to agricultural questions
and particularly to those which by their wvery nature may be capable of giving greater
impetus to the economic and social development of those mreas or regiona which in
comparison with others in the same continent of Africa appear to be lesa favoured. 1
would like to aesure all of you. that matters concerning the agricultural sector are
wall to the fore in the mind of the President of the Bank, Our pressnce hers is not
rerely eymbolict it demonstrates to all concerned the desire of the Bank to learn more
about the agricultural problems of its member countriess the sim is also fo investigate
any goncrete forme of financial assistance which may be granted in order to implement
any programg which the experts may draw up in meetings such as this one.

lr. Chairman, we in the African Dewelopment DBank realise that there are many
organizations already operating in African countries in fields which we might well enter.
The Bank is however, not in existence to compete with any other organization. Its role
will in certain reapects be complementary and in others we hope of a leading and
pioneering nature. I wish, therefore, to reiterate the Bank's deaire to co-operate
with all specialized agencies in various fields of activities, end in particular with
the Food and Agriculture Organization in relation to agricultural developmeni programs
and policies. I emphasize the importance of co—~operation among the various organizations
operating in African countries in full realization of the fact that developmental
Irotleme are very many, varied and cemplex in our Continent, We therefore need as many
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organizations as possible, working together and attacking our problems from all sidesn
in order to obtain quick and effective resulis. No doubt pome of these problems are
peculiar to individual members or to particular areas of a given country, but the
experience gained by any member country or any area in the Afriocan Continent is
certainly of great value to the work of the Bank am w-ll as to other African Governments
whioh may have to face similar problema.

The African Develoyment Bank, as its name suggests, is & bapk for development.
Its resources and operations are directed to sitimuleting and promoting development in
its member countries. Its policy emphasizea that priority should be given to multi-
national projects, that is to may, projects which benefit several member countries.
The multi-national approach of the Bank implies & collective effort by our member
countries to achleve the harmonious develomment of their economies. The co=ordination
of development efforts demands the moat efficient and profitable utiliszation of the
limited and scanty resmources available. Within such & context the Bank is now seeking
out problems whioch a.ffect whole areas in Africa rather than ooncentrat:l.ng on individual
projeots,.

This Meeting has assembled to disouss the pro'blem of the Savanna Belt. Thias is
one of the major problems in many of our member countries. We would therefore welcome
any suggestions which the experts in the field may make concerning the transformation,
exploitation and conservetion of the Savanna as well as specific activities and
. problema such ag the improvement of goila, land tenure, husbandry, of forestation, eto.
Ve are looking for solutions to these problems in ord.er $o 'hslp further the dewvelopment
of the Savanna Belt,

Hr. Chaima.n, laok of markets is one of the retarding factors in the develomment

‘of the Savamna Belt. It is axiomatic to-day that trade is an indispensable faotor for
development and economio growth. Such development and etonomic growth have been
adversely affected in this region because of & deartih of markets for some of the
products which this area dees or could produce. New meithods and techniques may be
applied io inorease produciion. But future producfion, and therefore growth, will be

- dipcouraged or arrested if there is no market for what is produced. The national markets
“of sl countries in the Savarna Belt are very small. This is because these omm‘!:rieu

‘have scanty populations and the income per caput is too low. Needléss to say,
thersfore, the ability to pay for what is produced is very limited. There are a number
of projeots whioh it is technically poesible to establish in some of thame countries,
However, because of the fact that their minimum economic scales require a market larger
‘than that of one individual country, if they are to be wviable, they oannot be.e
established on the basis of national markets, There must therefore be a sirong drive
for co-operation between the neighbouring countries tc form a larger economic unit,
And thie ie what the African Development Bank would view very favourably.

Mr. Chairman, we cannot participate in a technical debate at this particular |
stage, but we are very happy to listen and to play our bumble part and also to make our ‘
facllitlies avallable to member countries for any financial request ensuing upon the
deliberations of this meeting which may be submitted for consideration at a later

stage, L ’ ‘
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STATEMENT BY THE REPRESENTATIVE OF UNESCO.

J. Smid, Mrector, Bureau for Scientifip Co~operation
for the Near East, Cairo

Mr. Chairman and Gentlemen,

I+t is an honour for me to bring you Unesco'!s best wishes for the success of this
meating on the development of the African Savanna,

Our Orgenisation is keenly interested in this subjeot, whickh comes within the
scops of our program for developing the natural reasources of the Member States,

Without wishing toc enoroach on the great poesibilities of the Savanna for
stook-breeding, which is the field of FAO, our sister Organization, you will certainly
oonsider during your discussions some problems whiockh concern or can interest Unesoo,
partioularly when they relate to the teaching of the baasic sciences, the prometion
of solentific research and the training of specialistis.

_ Moreover, many of our problems are directly linked with the International
Hydrologioal Decade, which was started by Unesco itwo years ago, or else with the
development or arid, semi-arid and even humid regionsj for they include certain
savamnas which have been precccupying our Organization for a number of years.

In ghort, I should like merely ito cffer some suggestions whieh may be considered
during your discussions and for which a solution may be found.

In the first place, it seems to me that it would he helpful to obiain a certain
uniformity of the terms and symbols used in repoerts, If I understand correctly, a
definition already adopted by the ecologists dves not, perhaps, correspond exsctly
with the general idea which we each have of the Savanna.

On the other hand, it seems tc me that this region suffers from ihe same
difficulty that I ueed to encounter in Asia, Owing to past history in the African
countries, specimens of plants, insects etc, were more sasily exchanged between
European countries with a common linguistic hackground than between countries of the
same region. Thus, even the eimple identification of a botanical or zoologicsl species
can differ from one country to another, Without wishing to suggesti that these
indiapensable exchanges should be interrupted, it would be desirable to increase the
regional relations betwsen the countries of Africa, especially when they are in the
same ecological zone or in ecologlcally similar or neighbouring zones,

Under the auspices of FAO, Unesco and the Special Fund, some inventories of
natural resources and several studies have been completed with interesting resultis,
None the lees, it meems that not all this work has yet been sufficiently analyzed or
integrated fto permit concrete realizations, It would be appropriate, therefcore, to
make a methodological and systematio Bynthesis of the results of these studie= and
also to compare them with studies made by bilateral aid outside the framework of
the United Natioms.
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At the requeat of some Member Statem, Unesoc tried to bring about the establishment
of institutes for resesrck on natural resources., Unfortunately, theee institutes are
coetly in funds and personnel.

The countries of the Sahelian zone are poor and too short of qualified manpower
for esach one of them to provide such an institute, It could thus he thought that here
is the possibility for a sub-regional institutes but, while emphasizing its value,
the diffioulties and drawbacks of such an establishment should be recognized. It
appears to be too sBoon to begin pressing for the creation of this sort of institution
in the zone of the African Bavanna.

8ince the institute does not exist, would it be possible to launch forthwith
a joint FAO-Unesco project, as was done for locust control and sgrooclimatology, to
exanine the posaibilities of & regional centres for documentation on the Savanna and
alsc of a regional herbarium in which oomparative collections of useful plants are
displayed, and notably medioinal end fodder plants? The first mtage would be the
formation of an itinerant working party, financially supported by UNDP and consisting
of specialists qualifisd to make an inventory of what has been done, This working
party should also study the poassibilities of iraining specialists in the region itself
and work out an appropriaste distribution ¢f research tasks between the ccuntries,
without forgetting the soclological study and the improvement in the sltuation of the
stock-breeders, nomadic or not nomadic, and the peasants.

The problems of the oonservation of nature and the creation of national parks
and reserves should not be overlooked.

A1l thims would make 1t easier to identify ecological systems and specifio
Troblems with the aim of giving ever more solid foundations to some more ambitious
solutions in the future stages of development.

These are all only muggestions which I allow myself to submit for your consideration.
I should like to assure you, Jentlement, that Unesco pariiolpetes with very great

intersst in your deliberations and that it is ready to co—operate as fully as possible
within the limits of its powers.

In conolusion, I wish gincerely +to thank the corganizers of thie meeting for the
invitation to Unesco and for having allowed me to make thie brief interventicn,
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STATEMENT BY THE REPRESENTATIVE OF WHO

M. Le Bousquet
Consultant on Community Water Supply
WHO, Qeneva :

In the next 25 years and in all countries, the problem of water needs and the
water to meet these needs will beoome more and more serious with the expansion of
population, industry, irrigation and the new teohnclogical demands for water.
Efficient use and re-use must be planned for available natural water resourcas.
Present indications are that desalted water from the sea will continue %o be expensive
in the extreme and practical for the highest pricrity use only.

The Pood and Agriculture Organization (FAO), through its United Nations
Development Program ' projects (UNDP)}, has increasingly, in the last few years, devoted
its energies to the aspessment of available water resources and needs and the develop—
nent of water resources. While FAO's primary intereet may be in irrigated agriculture,
a broad spectrum of uses is reocognized. It has also been recognigsed that irrigation
is, in a sense, comnunity development. 7The health and welfare of the pecple affected
by the chenges resulting from the project are important coneiderationa. WHO is partic-
ularly interested in helping t¢ safeguard the public health in connection with thess
projects, apd especlally the large-scale regional projecte being assisted by UNIP.
Theee are complex undertskings, suoh as the Chad Basin and the Senegal River. Several
Governments can be involved, and several agencies and tens of milliona of dollars.

PAQ/UNDP activities are preregquisites to future invesitment and this type of work
will naturally continue &and expand for many years to come. A4bout eighty land, water
and irrigation schemes are now under ocnsideration, and on at least half of these
planning hae proceeded to the point where specific projects have been outlined.

In the last year or two there has been increasing collaboration between FAO and
the World Health Organization (WHO)} in the consideration of publio health aspectes for
water resources development. The participation of WHO has generally been in the
furnishing of health speoclalistie, either from the staff of WHO Regional Offices, or
retained as consultante working under the WHO Regional Offices. Theee hesslth consul-
tante generally include a public health adviser with bdroad experience in preventive
medicine and epidemiology, with specizl etress on water—related diseases., A second
type of consultant is a sanitary engineer with special experience in community water
supply, water quality control, and the control of jinseot wectors of disemsses. In
special instances other experts are utilized, such as entomclogiste and blologimtis,

The speoific health aspects covered by ﬂHO advisers inoclude:

a. Supply of water to communities

b. Bemoval, treatment and disposal of waste waters

c. Prevention and control of water-related diseases

d. Hezlth services during construction and resettlement in new
water resource areas.
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Beaides these there are other aspeots of intereast to WHO which are only indirectly
related to health. There is an interest in water qualiiy prior to impoundment, as
this in turn determines reservoir water quality, inoluding ite suitability for com-
munity water supply. There is an interesat in the self purification capacity of the
siream and the possible reduotion of this capaoity in converting & rapidly flowing
stream into a reservoir. In thim oonnection the thermel stratifications of a reservoir
results in deterioration of water in deep areas from which water may be drawn by modern
hydroeleotric installations. Degraded water which can be void of oxygen may damage
water use downstream and fish and agquatio life may be eliminated. Incidentally, these
are some of the probleme which will certainly be met with in the proposed Research
Project for Lake Volta. There is interest and concern over flow reduction which
reduces siream purifioation capacity, and in irrigation use which adde salt and total
solids 4o return flows. All of these factors, of aome interest to WHO, are considered
in any broad program of water rescurce management.

Copmunjity Water Supply

It is generally recognized that the domestic water supply has a top priority in
water resources development. WHO is active in this field through its Commumity Waier
Supply Unit, and is in a position to évaluate not only domestic supply needs but also
current urban and industrial needs and predioted future requirements. This water use,
necessary for human eurvival, cannot be over-atated; it is generally recognized by FAO
and receives mention in the plans of operation of.FAO/UIDP projects. Community Water
Supply is nct only essential for drinking and domesiic purposes, but oan also be a
governing ccnsideration in the establishment and location of indusirial plants. Com—
mmnity water supply has been desoribed as a springboard in an industrial development
program.  Experience bas shown that properly designed, managed and operating com-
munity water supplies in all but the smallest municipalities can be mm effioiently,
with income to match not only operating costs but also to repay construotion loans and

~nermal replacements and expansions. The inolusion of community water supply in water
rTesources development can add greatly to the benefits derived from the project, and
play an important r»ole in justifying the large expenditures normally involved.

Community water uupply is a nonoonsumptive use and the spent water oan be uaed
for other purposes, usually following treaiment, such as for indusirial use or for
irrigation of orops not eaten raw. MNaximum benefit from valuable water resources can
result from such multiple use of water. With irrigation re-use in mind, a planning
pessibility worthy of cconsideration is the placing of irrigation projects below new
urban developnents rather than above.

Rural water supply hae also received atiention in WHO's collaboration with Fa0.
There will be a water supply problem for the population resetiled in s newly irrigeted
area. If irrigation is from wells these can be constructed as sanitary wells suitsble
for drinking water supply at very little expense. Exploratory wells can be converted
and used for the small quantities needed for rural water supply. Along this line, ECA
has been interested in organizing a Training Centre on Small Soale Water Storage Works
and Swall Soale Dame. Specilal small scale treatment facilities are desirable if
impounded irrigation water is used for drinking.

Removal, Treatment and Djsposal of Wasts Water

A waste water problem is invariabdly oreated by the provision of community water
supply and the two systems should be planned together and constiructed within a short
tine of one ancther. Many health bemefits reault from a Bewerage and sewage disposal
system. There is prevention of reduction of insect-borne diseases such as filhariesis
(elephantiasis etc.), the vector of whiuh breeds in sewage and etagnant pocls of waste




water. There is reduction of water-borne discaseas such as cholera, iyphoid and
dysentery. The line of tranemission between infected and healihy persons is broken,
thus reducing infeotion in parasites, such as hookworm, which can be itransmitted when
excreta 18 disposed of in an insanitary manner.

The mewer system has not only a health benefit but also an aesthetio benefit in
removing wastes from living areas and eliminating not only a health hazard but also an
aesthetic nuisance. This in turn can have an economlo lmpact, as many businesses
inoluding tourism are encouraged by sanitary surroundings. Other benefits result from
the removal of industrial and other wasies from the community.

Following the provisicn of the sewer system there arises the need for domestio
and industrial waste treatment facilities %o maintain stream water in satisfactory
quality as it flows downstream and becomes available for repeated re—use.

Prevention of Water-Related Discasem®

A number of discases related 4o water can affeot local populations in wvarious
ways, apart from being carried by drinking-water. TUnless sultable precautions are
taken these diseases may be encouraged or spread by such works as irrigation, flood
oontrol, hydropower and the like. These diseases inc¢lude:

a. Malaria. Mosquitoes breeding in natural or artificially stored waters
can infect populations residing within several kilometres of the source.

be Bilbarzia. 4 widespread and increasing disease affecting, it is estimated,
a large portion of the world's population. It is tranemitted by certain
snails breeding in oanals, irrigation ditches and similar works, and is
contracted by physical contact with the water, not necessarily by drinking
it. Irrigetion workers, rice oultivators, fishermen, women washing clothes
in a river, children swimming, are all partisularly prone to infection.

0. Onchooceroiasis (or river blindness). BSpread by a fly which lives in olear
running water, and which breeds partioularly in conoretie spillways or
similar structures. ,

d. PFileriasis. Tranemitted by a mosgquito which breede mainly in stagnant
and contaminated pools, cauces elphantlasis and mimilar conditions.

e. Trypanosoniasis {sleeping sickness). Transmitted by tsetse flies breeding
on the verges of irrigation channels, particularly in the shade of vege-
tation adjoining the water.

Suitable precautions can be teken at the design stage of any water regulation
projeot to minimise the spread of these diseases, and constant vigllance is necessary
during the construotion and operation stages to prevent the benefits of a project from
being outweighed by dissenmination of sickness. WHO is co-operating with other agenoies
by supplying medical and engineering specialists to ensure that these precautions are
bullt into projeots of water development. FAO, United Nations and World Bank projects
are recelving particular attention.

Health Services

A major population resettlement is to be expected as a result of a water
resources development. Project success will require that health services be provided
to the resettled population and an opportunity may be provided to establish an sffec—
tive health service based on disease prevention, Certainly every effort should be
made to prevent the introducticn of diseases into arems where Such diseases never

% Prom & recent WHO Staff Paper
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existed before. Aspects to be considered may include the screening, training and
health education of settlers and poesibly a broad immunization program. ° A health
organization suitasble to local conditions end resources may be recommended for both
the periocds of construction and operation.

WHO is making publio health advisers avallabla to assist with the strengthening
of local health services, resettlement problems and the co—ordination of health
measures within the context of the UNDP project. In some instances, as for the Lake
Naaser Research Project in U.A.,R. and the Kenji Dam Froject in Northern Nigeria, WHO
sendes & health adviser to assist in drawing up the Plan of Operatiocns and planning,
together with the Executing Agency, the exact type and timing of the consultants
whioch WHO is to provide.

It is bhighly desireble that an item be included in the project for at least
initial health service as an integral part of any construotion project involvwing
resattlement. Projects are ultimately to improve the well-being of man and building
a project 1 of little purpose without a parallel building of man.

Procedure

Most important is the early and timely oollaboration betwesn the different
sourves of assistance and funds in the international field and at the national level
in order to take care of the health components of FAO/UHDP and similar projeots.
Yormally WEO, FAQ and other agencies, inoluding the World Bank, receive from the
Administrator of the UNDP resunés of Qovernment project requests for technical evalu- ;
ation. On the basis of the comments received, the UNDP oan negotiate the request !
further with the Uovernment and, if necessary, organize a special mission to assess or !
aven redefine the request. In this way the request and the assistance envisaged can he
brought into line with the oriteria of the UNDP established by the Oeneral Assembly in
its fundamental resclution creating UNDP. Such preparatory asasistance to the Govern-—
ment and the reformulating of requests is provided by the Adminiatrator ln olose ool-
laboration with the technical agencies invelved. Aocount is also taken of oomplementary
activities whioh mey be under execution or under study by bilateral agenoles. WHO has
always been anxious to play the maximum part it can in assisting in the formulation of
projects expressly to ensure that the health implications are given the fullest atten-
tion. Further, while WHO comments (and these emanate from all levels of the Organiz-
ation) are transmitted to the UNDP for the guidance of the Exeocuting Agency ultimately
designated, the detailed evaluations of projects from other agencies are also taken
into account by WHO in planning its own later participation.

WHO's material assistance can consist of short or medium term consultants -~ such
as a public health administrator, epidemiologist and a sanitary engineer -~ working as
a8 team or separately; visits by WHO Regional Office staff and WEO can alsc be requested
to provide certain specialized drugs and medicines. Reports by these consultants and
others, once cleared by WHO, are submitted direoctly to the Executing Agency = in this
case t0 the FAQ0 Headquariers in Rome. Naturally the WHO consultants will, in the
course of their assignmenta, discuss their findings with the FAQ Projeot Manager. This
olose collaboration between the WHO comsultants and the Project Managers is essential.
Equally important is a firm understanding between the reaspective Headquarters of the
agencies. But perhaps of paramount significance is the rocls which the national Health
Hinistry must play with its sister Ministries or agencies directly responsible for the
project.

Summary

While WHO will continue to seek for more effective methods of improving ocollabor-—
ation between other agencies and itself in the interests of health in projects under




. axecution in the UNDP field, we believe that an snoouraging start has been made in

this complex field to pafeguard the health needs of the people affected by these pro-
Jeata. The hoalth authorities in a country have a continuing responsibility, and it
ims esseniial that thesa authorities be fully acquainted with future plans and be
brought into the oco-ordination ploture at the firet possible moment. Everything
should be done to assiet in developing oco—operative working relations between the
various Ministries, suoh that there is mutual reinforcement of each sector to form a
national or even reglional whole, and that maximum economioc, soclial and health henefits
may accrue from the project. WHO will do everything within its power to further the
objective which it shares with FAQ of improving the well-being of the people and
ensuring that FAO/UHDP projacts produce maxrimum health benefits and do not becocme the

instruments of the propagation of diseass.
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STATEMENT OF ME. FPAUL-MARC HENRY

Associate Director and Assistant Administrator
Bureau of Operations and Planning
UNDP, New York

We have reached the first stage of the world food crisis. The manifestations of
thie orisis are everywhere to be seen, In every poseible continent, with the exception
of Weatern Purope, there are food problema.

The Savanna Belt is one area of a great development potential for feood production
of the world, due to the combination of space, land, water and sunshine, The Savanna
Belt can contribute a great deal to ease the food problem in Africa.

FAQ ig 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 productlion level,
enormous invesiments are indispensable, the source of which has still to be found,
At prepent the official figure of capital investments has remained stagnant at a
little over § 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, &nd we had in
mind two main issuest

1, An exchange of views between people engaged in the pame type of work -~
Project Nanagers and Co~Managers = fto shure experiences and to point out the
ghortcomings, problems, difficulties, and make recommendations for future
development, This was the first and wvery important objective.

2. A second, and more general issue, was to define the whole strategy of the
UNSF - UNDP in relation to future project development. You are all aware
of the fact that the FAQ sponsored activities supported by UNDP are by far
the largest in relation to all other agencies, $ 650 million next January}
the figure for FAO will be the largesty $ 300 million (i.e. 42%) and this
proportion is inereasing, ‘ |

The amount of Special Fund assistance granted to Africa has increased regularly
gince the beginning of the Special Pund operations in 1959/30. Some of the rrojects
ropresented here date from that periocd. Other are more recent, BPut basically the
philosophy of these projects dates back to the beginning of relations between the
Special Fund and FAOQ, Most of these projects have common characteristics: they are
relatively long=term with a built=-in second phase of three to five years! duration and are
simed at assembling background infermation on physical and economical conditions of an
aresa. Recommendations are made on future development and possible invesiments in
specific fields, Such projects are pre-investment projects,
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There are cases where inveatment hus almost immadiately followed up the
rre-investment program. But this ie exceptional, either because financilal resources
of the Jovernment are scarce, or because the region has not received first priority
in the development program, or hecause the data provided are insufficlent te justify
invegtiment. Sometimes the findings of the projects do not lead to investment or no
possibility of invesiment 1s offered., The pre-investment project is evaluated on the
basis of the invesiments reslised, and therefore the project should generally include
feasibility studies similar to thome condusted by the World Bank,

During the few years of s project, it is often difficult to make a satisfactory
diagnosis of the general conditions of ascila, water and climate of an area., Unless
there is already & considerable amount of existing information available, the scanty
information assembled during the project is not a sufficient basia for investament,

There isno short cut to collecting background information for investment,
especially in agriculture, Field experimentation, climatic and hydrological etudies
must ¢over a suffiecient number of seasons,

On the other hand, in view of the present wrld food situation, there im great
urgency for making immediate use of the information available, This is a hasic dilemms
which paato be solved in each development project.

One slternative would be to evaluate all projects primarily on the basis of
criteria of immediate pre-investment. Ancther possibility would be to conaider the
projecta as a continuous contribution to better knowledge of natural resocurces and -
ecological conditions, But in that case, it is to be expected that member countries
contributing voluntarily to %the Special Fund would ralpe serious objections. The total
of contributions has besn inereasing steadily since the eatablishment of the Special
Fund. The total contribution of the firat year amounted to US § 29 million, end now
reaches US § 130 million, However, being voluntary, such contribution can be stopped
almost immediately should the program be unsuccessful, In passing, it is worth
mentioning that, even if all contributions were cut, funds would be available to finish
the projecte now in operation as the total budget of these projects (for a total amount
of sabout US § 200 million) is already earmarked.

Member countries are voluntarily contributing to our program becsuse they feel
that it is their duty vis-d-vis the developing countries; because slsoc they hope and
believe that somehow syptematic pre-investiment programs will lead to major invesiment,
not only through bank loans but through mobilisation of international resources of all
kinds: natural, humen and financiel rescurces.

If our program olearly contribtutes to a large scale mobilisation of such resources,
it will be a successy if not, it will be a failure. Time iz short and we have only a
few years (may be as few as 5) shead. Unless largeacale investments for the development
of agriculiure are made, unless the Governments of the developing countries are asaisted
in the development of their reacurces, the world food situztion will shortly become
dramatic. Initiative in this field is clearly the responsibility of the FAQC and the IBRD,

4 part of the developing world is now relying on a few developed countries for
help in their oritical food situaticon. The United States and Canzda are trying desperately
te help in the world food problem. Large areas of the world are provided with the
necesgary natural resources for large scale food production. They are idle now. The
Sevanna Belt is a good example of such an area. It ia ouxr duty to help make them
rreductive,

It is an objective of thip meeting to make suggestions and recommendations in
this respect, to propose a general stategy of develorment on a regiomal basia such as
the Savanna Belt, to raise interest of UNIP and finally assist FAO in its apprroach to
the problems of agricultural development.
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SURVEY OF THE WATER RESOURCES IN THE CHAD BASIN FOR DEVELOPMENT PURPOSES

G.A. van't Leven
Project Manager
Chad Basin Development Project

ngf&cl

The project im not yet operational and cannot be expacted to contritute
much expesrience to this meeting,

However, the experience gained by the other UNDP/FAO Projeot in the Savamna
Bolt oan contribute towards the sucoess of this Joint attempt of FAO and Unesoco in
this regional Chad Basin project, covering parts of the territory of Cameroom, Chad,
Niger and Nigeria in their struggle for development,

4 oritical appraisal, both technical and economiq,’ of this project, desoribed

in the following pages, will be very useful in giving the project a good start,
both in operations and follow=-np. -

Baokground of the Projeot

Hydzrologiais in the Chad Bagin held a meeting in Fort-Lamy in March 1966,
which ccncluded in ooncenirated action for the development of the water Tasouroes,
not being influsnced by artificial oountry boundaries, as they sxist now.

The Inter-African Hydrological conference of the CCIA (Comité pour 1g
Coopération Technique en Afrigue) held in 1962, in Nairobi, made a reccmmendaticn
ocncerning regional co-cperation between the oountries bordering the Lake Chad. Tt
stated that a project for the reclamaticn of the whole Chad Basin had ts be worked
out by an inter-state organism represented by the four States, Cameroon, Chad,
Niger and Nigeria, '

Expsrts of the four countries attending a meeting at Fort~Lanmy in October
1962, made suggestions for a conference of the Heads of 3tates.

This meeting tock place im December 1962, and it was decided to creats an
inter-state committes of exports to produce a detailed inventory of the knowledge
acquired in the four States, particularly ooncerning the natural rescurces including
agricul ture, irrigation, animal busbandy and fisheries.

, Circumstances did not permit fertile activities. Nevertheless on 21 May 1966,
the Chad Basin Commission was officially set up at a meeting of the Heads of States
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bordering the Lake.

Difficulties in forming a @taff for the Seocretariat due to the soarcity of
trained technicianse led to submission of an application to the UBIP with the main
purpose of obtaining technical staff for its secretariat.

Finally, Special Fund consultants proposed two oomplementary projects for which
Uneeco and FAQ would be the executing agenciea.

The Unesco project aimes at the establishment of a synthesis of all hydrological
studies already completed in the four countries resulting in a hydrological map,
the construction of an elecirical analogue model and a complets documentation of all
atudien. Thie synthesls is a very important bamis for the more practical directed
FAD project,

The FAD project ham to assist the Chad Basin Commissicn in ocompleting a
survey of the water resources of the Basin as a basis for the comprehensive develop-
ment of agriculiure, animal husbandry, and fisheriea, rumning into the preparation
and evaluation of spesifio development projects.

Descoription of the FAQ/UNIP Projeot
In partioular the project will:

a) Complete the knowledge of the total water resources by asceriaining the
pxportions of surface and underground water available and by drawing up recommenda-
tiona concerning a balanced expleitation of surface and underground water for
domeatic and agriculture use;

b) Trough fellowships give training to African technicians in water exploitation
and utilisationg

c) Apgipt the Chad Basin Commission in preparing and evaluating specific develop-
ment projects relating to agrioulture, animal huebandry and fisheries.

dotivities and investigationa included in the project to complete, as far
as possidle, knowledge of the total water rescurces in the project area, grouped
under the following headings:

Meteorology

Installation of meteorologloal stations, recording rain-gsuges, evapoirans-
piratiom measuring equipment, lysimeters, etoc.

Interpretation of all metecrological data awvailable to be measured duxing
the study. The interpretation has to be dene in the field of rainfall distribution
and intensity, in relation to river discharges, s0il moisture,qualities of scils and
evapotranspiration of crope (formula of Blanmey Criddle, Penman, BRytema, etc.) and
water balance studiles. :

Trolo

Installation of automatic water-level recorders, sstablishment of relationships
between all water-level racorders (as already available),and discharge measuring
atationsg,and establishment of basio hydrological equations for the area.

Determination of the hydrological regime of the Chari river, being the main
contributor to the lake, together with Logone which already has been atudied.
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Preliminary estimates of effects of proposed water development schemes om
the overall water-balance and on affected river discharges, end acguifer water-
lavels.

Hydrogeology

Any necessary geologioal studies required in addition to the general geological
mapping already available, Close definition of the geological structure and
aquifer boundaries in the basin by means of geophywioal siudies and deep trial bore~
holes using core-drilling and electiric logging, - Definition of the boundaries of
artisan ground-water in the iwo lower aquifers of the Chad formatiom by means of 12
core=drilling borehcles.

Determinaticn of the potentlal yields of the sand/gravel surface aguifera
above the Chad formation rocks and thelr dependence on the Lake stcrage by electrio
resistivity survey, trial borshole drilling and tesi pumping.

Inventoxy of all wells and boreholes, and chemical analysis of water from
each, am well as investigation of the chemioal properties of underground water,

Definition of the mwain recharge areas and estimatiun of the overall lang-term
availability of exploitable water,

Agricul ture

The project will start with the collection of all information in the baain
relating to past activities in traditional and modermized methods of agriculture.
Amslioraticn of traditional agriculture by exiension services can be an initial
step towarda the development of the country involved.

T™e establishment of three agricultural experimemntal stations for normal
activities related to the development and improvement of cultivation techniques,
and also to investigate problems concerned with improvement and use of saline poils
and water, and with the cantrol of the groundwater table in irrigated soila.

In conneotion with the work of the experimental stations, trial plots will be
established to evolve puitable irrigation techniques,

Aotion programa and plans for extensim services will be prepared to transmit
the results of trial plots and experimental stations to the farmers and to canvince
them to change methods,

Assessment of existing pllot irrigation projects, thelr improvement, extensiom,
and installation of new ones if conaldered necessary.

Animal Production

The livestock herds are atill the main natural resources of the regicn, for
the surrounding densely populated areas oonstitute a natural market. In animal
production one of the main problems 1s getting water for cattle. A comparative
study of the means of tapping and distributing water for cattle, and the material
and economic problems involved will be made,

Another serious problem for the Government is the migration of the herds to
other neighbouring countries where they are marketed, being an econcmic disadvantage
for the country.

Programs of experimental work for the development of fodder crops and live-
Btock productiom inside the pllot irrigated areas will be eatablished.



Fishery

Investigation of long=-term effects on fishing due to hydro-agrioultural develop-
ments resulting from the project, as there is a constant fall of the water level
‘in the river and the lake, drying up of the river~bed, decrease of inundated area
influencing the maintenance of the fish population,

Modemization of fishing mbthods, congervation of fish and its distribution.
One of the indispensable items in the chain is a good network of roads, the lack of
it being one of the bottle-necks .in' the development of allactivities in the region.

Collection of statistices of fish yield with present fishing methods sc as
to estimate future yields with improved techniques and to draw up & system of
control to ensure that reserves ars not depleted,

Eoonomic devaelopment

Colleotion of all econocmic and ascoial information at present available,
particularly with regard to those aspects related to water development.

T™e preparation of a perspective long-term econcmioc development plan of the
area.

Propopals for additional social and ecanomic studies tc be made in the future,

Public Health

The poasible danger to public health by the introduction in the project area of
irrigation and new agrioultural and animal husbandry techniques will be reportedon by
consultanta.

Comments

The project has to be a regional project because of the common interest of
the countries in:

= the water discharged by boundary rivers and usable on both sides cf the
banke;

= the stock of water in Lake Chad to be used for irrigation purposes;

= axploitation of the groundwaler reserves discovered in” the Sahars and
situated under the four countiries) T

» Pishing on the boundary rivers and the Lakes

flool protection an cne side of the river causing more severs inundations
on the other bank;

= building up their infrastructure together for that part of the country,
especially for the twe countries totally divided from direct connectioma
with the mea.

In the regional project it willl be more easy to tranemit experience from
other bilateral or multilateral ald projects to the other partner-couniries.
Commmication between projects in different countries seems to he more or less
PoOOT .«
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The project will encourage many aotivities in co—operaticon and co-crdination
with other projects and bilateral aid agencies,

In this project FAO and Unesco will co-cperate closely, proving the unity of
the big UN fanily, and will share the more praoctical and sclentific part of the

project.

The counterpart oomtribution in kind covers the commcn interests of the four
countries in the research program. For especial items added to the Special Fumnd
allocation under equipmemt ox experts, the interested country has to make available
other funds. dn example is the experimental polder in Bol which is only of
importance for the Uovernment of Chad. Special Fund allocated the pumps, but the
Government of Chad has to pay its part for operaticn and maintenance. The dikes
oan be made, for example, with the aid of the World Food Program.

The backbone of the project will be the hydrological and hydrogeological
studies demanding many years of hard work. Jdentification of projects for
submission to intermaticnal finanoing agencies will accompany the project as
a0on a8 possible, as it is of immediate importanoce for the development of the Chad
Basin. The time Detween submission and approval can he used for completing the

data before the project will de executed,

The first projects in this field are expected im fisheries, ranching, and flood
protection in combiration with irrigation projects.
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RANGE MANACGEMENT DIVISION OF THE MINISTRY OF AGRICULTURE
AND ANIMAL HUSBANIRY, KENTA

V. L. Bunderson

Project Manager
Range Management Division of the Ministry
of Agriculture and Animal Husbandry, Kenya

Introdustion

The Kenya Range Management Project resulted from an appliocation to the United
Nations Special Fund by the then (1964) newly formed Range Management Division of
the Ministry of Agriculture and Animal BEusbandry. 4 basio agreement beiwaen the
Special Fund and the Kenya CJovernment was aigned October 1, 1964, since when the Plan
of Operations ham been agreed upon and FAD deaignated aa the Exeouting Agenoy. The
Division of Range Management is the reaponsible Covernment Department,

The Project is for a pericd of five years and its stated purpose is  to
strengthen and expand -the Range Management Division of the Minisiry of Agriculture
and Anima) Husbandry to enable it 3

a) to carry out land uae surveys as a basis for detailed range development
planning;

b) to provide training for range officers, field insiructors and technicians
as well aps extension services for ranchers and pastoralisisj

¢) to intenaify applied research on specifio problems of range development
and productivity. The immediate objective of this will be to promote
the pastoral development of the Kenya rangelands in ocomplisnce with
Covernment'a 1966-T0 Development Flan.

The team of internationally recruited experts will consist of the Projeot
Manager who is also Senior Range Research Specialist and experts grouped as follows:

Research

Range Ecology/Management

Bush Control

Plant Physiology

Wildlife Biology

Animal Production/Livestock Improvement.
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Land Use and Planaing Survey

Range Ecology/Management g

Vater Development From beginning of the Project
¥ildlife Biology

Range Economics

Range Ecology/Management From mid 1967
Vater Development _

The latter two men will also be supported by the Wildlife Riclogist and Range
Economist of the first survey team as required.

Range Education

2 Range Education
Nost of the team members are now on the Project or their arrival is imminent.
The UN Development Program is providing a total of U3 $2,047,000 in perscnnel
and equipment and the Kenya Government counterpart contribution in kind is
U3 31,704,000. "

Background o the Project

The Kenya Govermment had started working on a 5 year develcpment plan in
1964 and it was apparent that if the objectives of the rangeland development portion of
the Plan were to be realized, outside assistance would be required. Thus the sub-
mission of the request to the UN Special Fund,

Eeuya's rangelands make wp 80 percent of the land surface of the country or
that portion receiving less than 30" of rainfall (760 mm). With the sxception of
some areas in the upper range of precipitation where sisal does well {commarcial
prospects for this orop are deteriorating) and about 250,000 acres of potentially
irrigable land, this sncrmous area is not guitable for cultivated crops. Livestock
produotion, wildlife and tourism are the usea to which this very large proportion of
Kenya should be devoted., Hewaver, production from most ¢of thie area ia much below
its potential, with deliveries of livestoock products, excluiing those from commercial
ranches and mational irrigation mchemes (approx. 5 m out of 115 m acres), estimated
at L1.5 million and of cther commodities at £0.5 million, The remainder of the
output is oconaumed for aubsistencs or bartered locally (valued at £10 millica
annually). It is estimated that the grosa output per acre in strictly pastoral areas
is She.2/- and in semi-pastoralist and subsistence cultivator areas just under
Shs.4/-. This contrasts with an average of Sha.l2/- per acre on commercial ranches
(Renys Development Plan 1966-70 para.23).

The Government, in their 1966=70 Daevelopment Plan anticipate raising the
preductivity of nmearly 1% million acreas in the 2-4 shilling ocutput category to the
point where the groas return per acre will be approaching that of the Shs.12/¥
realiszed by commercial ranches. Thia will be accomplished by establishing new CGovern=-
ment/Private ranches to the extent of 600,000 acres on previously unoccupied lands
in the Coast Province; Co—cperative ranches of 1,356,000 acres in Eastern, Coast and
Central Provincea; group and individual ranches of 5,361,000 acres in Rift Valley,
Eastern and Coast Provinces; and grazing achemes of 7,570,000 acres in all provinoes
except Ceniral. Improved producticn will be obtained by grazing rotationa, increased
water suprlies, communal dips, and improved animal husbandry practises. The exploita-
tion of the conaiderable wildlife resources of these areas from the standpoint of
meat production, trophies, recreation and tourism will be integrated into ihe
overall econcmic development.




Gensral Ecology

Of the 80 percent ¢f Kenya which is classified am rangelandse,20 percent
receives en aversge of 12" or less rainfall per annum snd 60 percent receives between
this and 30". Most of the developmeni enviegaged above except for about 1.5 milliom
acres in the (Grazing Soheme category will be undertaken in the areas receiving
12® - 30" rainfall. Moat of this area, or vegetative types with similar components,
have been described by various ecologists as some sort of savenna. The East African
Range Classifiocation Committes bave discarded the term "Savanna™ for what we
conmider to be good and valid reasons but this is not the time to argue ecclogical
claaaifications.

Moet of the 12-30" rainfall sone in which the UNDP Range Management Project
will be operating is olassified as "Arid" (olimstic indices ~ 40 to - 50) under the
systen of olaseification proposed by the East African Rangeland Classification
Committes. For this system, olimate has been defined mocording to Thorthwaite (1948),
except that the estimats of evaporation used in the oaloulation of climatic followa
Penman {1948) ,». In physiognomic tarme, the most important rangeland types with whioh
vo will be dealing will bej Bushland, Woodland, Crassland, Bushed Grassland, Wooded
Crassland and Dwarf shrud Grassland, (mainly confined t¢ the very arid zone, cliamatio
indices ~50 to =60). As in”all Bast African, and probably mest of the arid vegetative
types of the world where woody compconents form an appreciable properticn of the olimax
vegetation, the same problems exist, i.e, to sither find the means tc make a fuller
and mors eoonomic use of the existing species or to replace them with scmetbing more
productive, In order toc assist the Kenya OJovernment in sttaiming the objectives
of their 1966-T0 Development Flan, the Range Management Project will be investigating
both of the above approaches, but with differing emphasis according to the dominant
vagetative type and its oomponent apeciss. In this projeat we will be stressing
increased forage production for domestic livestock and/or game,

) The physiognomic type which ia the most troublesome of the rangeland typea is
Bushland, This type has been defined (Pratt et.al 1966) as an assemblage of woody
plants, wostly of shrubby habit, having & shrub canopy of less than 6 m, in height,

with occocasional emergents, and a ¢anopy cover of more than 20 per cent. Fires are

usually infrequent.

: In Kenya there are many types of bushland with the bush species end their degree
of dominance determining whether or not they are a problem. Suoch types ae Tarchonanthus-
Dodonaca, lannea~Commiphora, Euphorbis-Sansevieria and Acacia refioiens, can so
dominate & site that few planis useful for grazing by domestic livestoock or (to a
lenser degree) game are able to survive, The reasons for and conditons under which we
find an undesirable degree of bush dominance are as varied as the bush types.

Probebly the most important of these is the reduction in the iniensity and frequenoy
of fires. This Las been affected largely by the degree and season of use, and the
clase of livestock or game species utilizing the graszing resource. A4s grazing pressure
increasesihere is less combustible material available to carry a fire and ultimately,
due to a combination of reduced competition from grasses, end fires of decreasing
intensity, many sites Lecome almoet impenetrable thickets.

The team members of the UNDP Hange Management Project have been selected with
the view to obtaining and utilizing the best available skille in the varicus fields
in order to make a soientific approach {0 the best use of the existing vegetation ox
to change it by the most economical and practical means to something more useful.

It has already been shown in Kenya that by bush control measures production of
grass oan be increased by 50 percent where the denBity of woody vegetation is moderate
and up to 60 percent where thicket types were eradicated.

# (An East African Rangeland Claasification, D.J. Pratt, P.J. Greenway,
A.D, Qwynne, to be published Journal of Applied Ecology, 3, 369—38;5




The Renge Managemeni Projeot

Research

The Bush Conirol expert and Flant Physiologist will be investigating ohemical,
mechanical, and biolegical accntrel of undesirable woody spedies. The Wildlife
Biologints will study the degres of competition between the various game species and
domestio livestock and asmess the possibilities of utilising the very ocnaiderable
populations of wild animals to the maximum extent in ¢btaining economic returns from
the lands sub-parginal for ranching domestioc livestock. They will also investigate
the desirability of combining varioua wildlife species with domestis livestock in
order to make more complete uase of the grascing rescurce. Habitat manipulation to
snoourage the increase of the meat usefyl game species will be attempted, The Range
Ecologint will be studying grazing systems which will encoursge greater production
and the inorease of demirable forage epecies, He will be investigating management as
& tool in bush eradication or suppression and the effects of burning frequencies and
intenaities ocn Both the undesirable and desirable speoles., The introduction of more
useful fornge speocies, eapecially legumes will also be investigated. The Animal
Hulblndry/hiveltock Improvement Bpecialist will study and assesg the requirementa of
the various breeds and crosases of domestio liveatock and attempt to determine methodsm
for improving their performance, The nutriticnal requirements and animal husbandry
practises necessary to reduce the breeding cycle and increase calving percentages;
and to reduce mortalities and inorease weightas for age, will be investigated.

Land Use Planning Surveys

In order to assist the Rahge Management Division to atiain the goals of new
ranobing developments envisaged in the 1966-70 Flan the survey team will be evaluating
the produstivity of the areas where development can take place most rapidly and make
the greatest contribution to the Development Plan, Overall appraisals will be made
to get an appreciation of the ecological potential within the vario-us scoiclogioal
units and a deternination made of areas within theee entities where the produotion of
domestio livestock, game, tourism, food crops or a combination of these should receive
greatest smphasis. The Water Development Officers will investigate sources of supply
and plan installation of watering facilitieas with the view to obtaining a distribution
of supplies which will permit optimum use of the range rescurce compatible with the
cost of installations. The Wildlife Biologist will assess the possibility of game as
an alternate or complementary use of the developing areas, The Range Econcmist will be
evaluating the development costs for all planned projeots and making recommendations
as to the most viable areas for development and the form whioch such enterprises should
take.

Renge Education

The Kenya rangelande conmist of over 100 million aores which sare presently
being grased by domestic livestock but only in rare instances is the full potential of
the land and livestiock being realized. The lack of knowledge of good range and live-
stook management is probably the greatest factor in the fallure to realize this
potential. The Range Bducation Tear of two FAO experts, their Covernment oounter-
parts and supporting staff will sirengthen the Extenslon Services and asaist thez with
the task of improving the range and livestook management praotises of the Kenya
Fagtoralist., They will provide inservice training for range officers and instructors
working with the pastoralist, and they will prepars and ccnvey informaticn in improved
praotises to the pastoralist through the use of mobile sducation units equipped wiih
cinema, slide projectors and other visua)l aids.

Co-operating Organization im the 1966-70 Plan

In the overall Development Plan the mhortage of capital required to meet tha
various costa of development remains & problem, However, the International Bank for
Reccmstruction and Development are considering an application from the Kenya Covernment
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for a very considerable loan for rangeland development andi have atressed the importance
the implementaticn of the UNDP Range Management FProject would have in their occonwider-
aticn of the loan. The United States Agency for International Development are also
meking a subatantial occatridution to the Development Plan. If the application to IERD
is successful, there will bPe three aeparate organisations asaisting the Range
¥anagenent Division of the Ministry of Agriculiure and Animal Eusbandry in sarrying to
a successful conclusion their Development Plan. The RMD, however, intend tkat the
ithree projects shall be complementary to each other and will be completely integrated
under the RMD so that the Develcpment Program ocan proceed without comnfusion or
duplication of effort, If this succeeds it will be an intereating example 10 otiher
oountries as to how multi-lateral aid and their parent crganizations can be welded
together to better realize the objectives of their efforts.

The three Projeotis mentioned have drawn attention to Government's desirs to
fully develop the rangeland potential of Kenya and investors from the private sector

are being attracied and cam confidently be expected to make a considerable coatribution
to the Plan.




- 65 =

LA: SP/SD/66/PM/3

DEVELOPMENT OF ANIMAL PRODUCIION AND WATER
EESQURCES IN THE EAST OF NIGER

J. P, Bonett
Projeot Manager
Development of Animal Production
and Water Resources in the Easat
of Niger

Qeneral

It 1s not easy to state exact figures for the revenus derived from Animal
Yroduction in the Republic of Niger. It can reasonably be stated that some 60% of the
revenus has ita source in livestock.

The size of the catile population has been the object of a number of fuesses
until the campaign for the eradication of Rinderpest came recently to an end. The
figures arrived at by the Animal Production Department on the c¢onclusion of the anti-
Rinderpest Campaign are reasonably accurate being based on the number of cattle
inoculated. The number of cattle in the country is of the order of 4,000,000 and, of
this number, it is estimated that about 800,000 are, at one time or another, in the
zone which ia cowered by the Project, of about 50,000 sqg. kms.

The country is, by law, divided into two main zones by an artificial boundary.
To the South of this line agriculture has priority over animal production and this
settled area is given over to the production of millet, ground-nuts, cow peas and
some cotton. North of this line, the land is entirely devoted to animal production.

The line of demarcation, which runs roughly from FNorthwest to Southwest, was
established after a atudy of the rasinfall and the duration of the rainy season, it
being estimated that about 250 mms. of rain, spread over a period of T0 to 80 days, 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 well adapted to the conditions under whioh
it has to live, It is of the type known as Bororo, after the name of the Tribe of which
it forms the most important possession. I+t is high at the withers with a narrow chest
and rump. The brisket is well developed and often hangs in folds. The hump ias not
too big and is carried eract,
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Maturity is reached quite late and five years should be the average. This late
maturity is to ba expected when one examines the environment in which these animals
are ralsed. There is & great lack of availeble water and, bhence, animala have o
travel long dietances between water and grazing, the distance inoreasing as the
pastures become scarce towards the end of the dry season which is also the hottest
time of the year. Watering of animals every second day is guite normal and 1t is,
therefore, easy to conclude that this is probably the most serious single cause of
loan,

As 1s to be expected, mortality of the young is very high. Again, acourate
figures are not available. This high rate of mortality is probably a blessing in
disguise: only the fittest animals gurvive and more food and water are available to

them.

The Qrazing Lands

¥e are here concernad with an area with a rainfall estimated at 190 mms. per year,
This figure has been reached after examination of recordings made at eatablished
weatheor stations some considerable distance from the centre of the zrea.

Rainfall, as is to be expected, is very irregular, Even in the writer's short
experience, grass is growlng in green patches surrounded by the wilted grass of the
previous year. Showers are sporadic and, particularly in the early part of the
rainy season, two or three weeks elapse betiween showers. Ten automatic rainfall
recorders have been set up at carefully melected spota and 1t is hoped that more
roliable figures will be awvailable in the futuie.

The Nomads rush with thelxr cattle to the more favoured arsas. Thelr supply of
grass 1s soon exhausted and vast tracts of land are completely denuded of all useful
vogetation., This phenomenon is particularly sevore around the wells and it is not
unusual to see the land quite bare within =z radius of up to eight kilometres from
the water supply.

The Water

At the moment, ..__. are practically the only source of supply of water in this
area, Most of these wells have bsen sunk by the nomads. Their depth varies between
20 and 50 metrss, this beingz generally the thickness of the sand layer (quaternary).
Little work iz done in the harder layers undernsath the sand and thus the depth of
water at the bottom of the well is seldom more than one metre.

The Nomads have no means of extracting water rapidly encugh to keép up with the
in-flow while work proceeds and this has to stop when the balance of in-flow and
oxhaust has been reached.

Owing to the nature of the scil, wells are liable to collapse at quite an early
stage of utilization., Shoring of the top few metres is then resortsed to at an ever
inereaging pace and, in many cases, well mouths have a diameter of over ten metres
with a sloping wall down to the water. More sand falls in due to the impact of the
water vessel on the sides of the well. The cleaning out of such wells is an oper-
ation fraught with great danger and it is not surprising that the Nomads often
rrefer to mink a new well rather than face these dangers.

The Rainfall
Ap hag already been said, this should be of the order of 190 mms., per year in the

area with which the Project is concerned., It is assumed that the Southernmcst part of
the area, adjoining the agriculturzl lands, 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
unkmewn. It is, however, recognizaed that only the rain which falls in July and August
is of any use. ZEarly or later, showers are too aporadic to be of any account. In
fact, as has been witnessed by the writer, esrly rains are harmful in that they promote
sarly germination of the grass seeds and the young plants, with only small development
of their root system, scon wither and die.

Rainfall has 2 very pronounced tropical characteristic. Many storms are ‘
oxtremely violent and are usually preceded by winds of up to 130 kms. per hour. These
storms are very localized and it is not unusual to see a tract of territory looking
like a green ozsis surrounded by a semi-desert.

Due to the pature of the smoil, moisture 1s not retaired near the surface and the
high rate of evaporation further decreases the water available to plant 1life,.

Harketing

Properly organized marketing of cattle 1s non-existent. This causes serious
losses to the breeder. Among bresdera, the most imporiant numerically are the Bororos,
an offshoot of the Fulani of Northern Nigerla. Their only source of inodme is their
cattle, sheep and goats. Their day to day needs, which are very smell, ere usually
satisfied by the sale of a sheep or a goat. They are very reluctant to part with their
cattle and cnly resort to such a measure as a last extremity. The number of cattle &
Beroro owns is, to him, the smign of his standing in the social seale and such animalp
are sold or slaughtered to satisfy special demands, awh as & payment of taxes or for
oersmonial purposes, such as a wedding.

Cattle also mean security to the Bororo. It is a reserve on which he can draw
in time of need. It is, alsc, the object of barier, should the owner be in need of
geode, the value of which would warrant parting with a beast. This is whaen the Nomad
ls the loasr.

The middleman has the advantage of offering geoods, the individual valus of which
is comparatively small. Under verious pretences, their value is grossly exaggerated, |
perticularly when offered a2t a place hundreds of miles from the nearest market. On the
other hand, the breeder disposes of one single unit of barter of great value. Hs is,
therefore, greatly handicapped in his dealings with the middleman and usually loses in
the sxchange.

These operations take place either in the grazing lands or at recognized cattle
markets, depending on the season. The traditional way is for each middleman to serve
a certaln number of breeders. These come to him year after year. The middleman
contends that his only profit is in the commission which, according to him, is about
1% of the value of the animal. But Qiscussions between middlemen and exporter are
held in the absence of the breeder and, therefore, the latter nover knows what price
has really been paid for his beast.

This system has certain advantages for the Nomad. It is not unusual that some of
the beasts are in very poor condition, wvery often sc weak as to be unable to face tha
hardship of a long journey toc market. The middleman will purchase these animaleat a
ridiculously low price 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 alsc a loser. The cattle exporter arrives from Nigeria with
merchandise which, in many caseas, has been smuggled across the Border. Some of thesge
goods are sold, others exchanged for cattle. The animals thus purchased are smuggled




aoroes the Border in the reverse direction. The money obtained in Nigeria is agmin
converted intc merchandise and the whole operation starta again. There is, therefora,
a considerable loss in customs dues and no hard currency, of which the country is
badly in need, is made available.

In fact, only the buyer shows any profit in this sequence of operations.

Conclusions

The Devebpment of Animal Production in the East of Niger will depend on the
followling factors:

1. The training of Animal Husbandry Officers with particular stress on Paature
Management in semi-arid areas. These officera should be empowered to enforce any
regulationa concerning the utilization of water and grass. They should be mobile
and prepared to stey out for long pericds, particularly during the dry season.

2s Water should be provided and the distance between wells and/or boreholea should
be such that animals are not required to travel long distances, and that they could be
teken to water at least once a day.

3. The grazing is to be done under control. Families of nomads should be grouped
and thelr cattle 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. which
the Nomads 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 must be provided across the agricultural zone, with water pointe at
regular intervals and a distance not exceeding a day's march. These routes would allow
the Nomads to reach their export markeis even during the rainy season.

5. The utilization of stock~pounds should he controllsd and their approachéa 80
arranged that animals cannot foul and ocontaminate the water and thus 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.

T There is an urgent need for a complete organization of the marketing of liwvestock.
A central Authority, properly administered, is probably ths best means to this end.

8. Lastly, grass fires must be brought under control and heavy punishment imposed
upon all offenders.
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DESCRIPTION AND LOCALISATION OF THE INTEGRATED DEVELOPMENT PROJECT
IN THE DALLOL-MAOURI VALLEY
{Bepublic of Niger)

T.C. Patruo
Project Manager
Surveys for the Agricultural Development
of the Dallol-Maouri, Niger

- The main purpose of the project is to determine the sconcmic justifications and
the technical possibtilities for carrying out an integrated development project, to
determine the favorable arcas and to localise with precision the pilot demomstration
sites for future development. '

This project will be divided into 2 successive phasess

a) The firat phase, to last over a period of 2 years, will be devoted to
general studies (pedology geomorphology, hydrogeclegy, agrenomy, agrostology, scoolo-
econonics, socio-agronomy). These studies should demarcate the limits and the locality
of pilos sitesn.

b) The second rhase, lasting 4 years, will be dedioated to exploitation and
agricultural and pastoral extension, strictly epeaking. A synthesis will then be made
of the general studies and results from pilot aress.

The Dallol-Macuri watershed extends over 65,000 sq. km and stretches cver about
650 km defore rumning into the Niger River valley south of the oity of Gaya. The f
projeot as such only oconverns the Dallol-Maouri side located between the 14th parallel
and the Niger River, that is, an area of 8,000 eq. km including the middle and lower
part of the basin,

It im Dound:

to the North by the 14th parallel. .

to the East, from Forth tc South: by the ezstern boundary of the Department
of Dosso and the Nigeria frontier. E
to the South by the Figer River between (Oaya and Nigeris frontier.

to the West, from FNorth tc South: approximately, the line where the waters of

the Dallol Fegha separate from the Lallol-Meouri.

The population of this reglon amounts to about 200,000 inhabitants, that is,
about 25 sq.kn = which representa one of the areas of highest density of the Republic
of Niger and almost 1/15 fone—i’ifteenth) of the total population (3,127,000 population

1963 estimate). The inhabitants belong to different ethnic groups: Djermas, Macuri
{boussaphone), Dadis, Peuhls, ect.
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The olimate is typloally Sahelian, the average yearly rainfall varying between
550mm in the FNorth and 850mm in the South.. The rainy season varying from 3 months in
the Forth to 5 months im the Scuth, with great differsnces from one year to the next.

The relief im on 3 levels:

= & plateau which slopes in 2 directions: North/South following the course of the
Dallol (290 m at Dogondoutohi, 220 m at Gaya)) and East/West: 290 m Dogondoutchi -
270 = Dosmso,

The edges of this plateau ars widely indented by the small "korisg" affluents of
the Dallel, which have sometimes dug small oreeks.

. = an intermediary level, a sort of shelf with the appearance of s terrace which
Joirs the platesau with the bottom of the valley, and which is hollowed out with affluent
valleys.

= The bttom of the Dallol-Maouri is the third level of this whole mrea. It is
» vast plainm, slightly undulated (small piste of 1-2 meters wide) hollowed out by small
basine where water accumilates and stagnates. )

There im no  run-off tc speak of into the plain, exocept looally over short distanoces,
and starting from the Fogha and Macuri confluent to the Wiger River. The affluents are
ofien exposed to %emporary - swellings, due to rains or.looal storms.

Water stagnates in & good pumber of temporary or permanent pools, fed by flow or
resurgsnce of water tables.

The level and regime of groundwater basines are influenced by the rainfall regime
whick could follow an interanmuel oycliosl regime.

The preliminary surveys of the land have brought cut all the faotors favorables to
integrated development (surface water, artesian possibilities, scil quality, existence
of perwanent or semi-irrigated cultivation on the edge of pools, breeders and
sgriculturists asscciation, ingemuity of the irnhabitents, demsity of population).

The Dallol~Maouri has no mean water channel, nor permanent or temporary run-off
over ite entire course. Theres may be temporary localised flows between two sand-filled
zones which feed the pools which form in the basins.

Hydroagricultural management systems are unimown and yet, d¢am sites, flocd water
derivation works, areas favorable to irrigated perimetere are numercus,

It is certain that the necessary investments for the development of this region
would exceed by far the possibilities of the Niger - &t short and medium terms.

Neverthelesas, following the example of other regions of this country a number of
simple management systems could be realized with human investments by & more efficiently
employed rural labor force.

The studies, experiments, and trials effected in the pasi have shown that it was
pessible to inorease vegetable and animal production by proceeding with local management
systems based on the introduction of selected seed, controlled farming, new cultures,
irrigation, drainage, parasites control, proper management of pasiureland, etc.

Farming is of two kinds:
- Rainy season farming {river and industrial) stretching from 3 to 6 months,

~ Farming on pool edgee or seml-irrigated farming, practically permanent.
Annex 1,



As one can ses from Annex 1, yields are very lIow despite the fertility of certain
soiles, and the water resources (etill poorly known) are very little used for agrioulture,
Thers iz too small & scale of farming and varietiss, The use of fertilizers and manure
is rare, and vhat is meore merious, parasites abound.

Traditional cattle-raleing is current; it ie extensive and follows the traditional
methods found everywhere in the Sghel gone.

Semi-nomadic herds of cattle, sheep and goats live on this side of the Dallol-Maouri
basin, For the Dallol-Maouri and Pogha one can estimzte as follows:

Cattle 200,000
Sheep 100,000
Coats 200,000

Seascnal transhumence is & ruls. The sedentary populations are also cattle owners
but the nomad population guard the latter.

While representing undeniable wealth this cattle ie not theobjesct of partioular
cares a8 far as food is concerned, In addition, there is no "retirement" of old females,
pterile animals, or bas sires,

‘ Cne must note that these animals live and reproduce themselves very poorly,
sometimes not at all. They eat, drink and occupy the grazing areas to the deiriment of
the healthy animzls,

Thus we may ocnclude that although the project is located at the far edge of the
Sahsl zons, the agricultural activities bhave all the characteristics of the Sahelian
agriculture (rainfall, measons, cholcy of cultures, farming and breeding methods, etc.)
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AENEX I
Fromers (a) Tltom) | (kgfon) | (miltions m)
 Millet 1) 200,000 140,000 00 2,100,000
Sorghunm 48,500 40,250 830 603,750
Fiebe 1) (61,000) 7,650 125 76, 500
Voandzou 18,300 14,775 800 295,500
Groundmits 1) (30,000) 14,450 480 216,750
Rioce 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
Sweet potato 20 300 15,000 6,000
Onions 26 580 22,400 14,500
Market-garden proaucts 15 300 20,000 30,000
Tobacco 6.5 0.3 600 60
Sugar ocane 40 615 15,575 6,150
TOTAL 270,000 239,270.3 3 857 840

V

In conjunction with the millet




1A :SF/5D/66/FM/5

THE SAVANNA FORESTRY BESEAﬁCE STATION:
ITS ROLE IN DEVELOFPMENT OF THE SAVANNA IN NIGERIA

4,%L, McComb
Project Manager
Savanna Forestry Research Station
Samaru, Nigeria

A forester coming newly to the savanna regiona of Africa socn becomes aware of
a number of characteristics of the Savanna with significance for forestry and
sgriculture. First, is the tremendous area ¢f Savanna - some 5 million square miles
or over 3 billion acres - about half the area of thiz large continent. Second, is
the low present productivity of the savanna land. Third, the pcor methods of soil
and vegetatlion management now generzlly in use., Fourth, the relatively great
potential for increased production of forest and food orops. And fifth is the rapid
rate of human population growih snd the prospect that the populat1on will continue
to multiply rTapidly for some time.

If one aasumes that both populstion and the level of per capita consumption =are
on the increase in the savanna areas, then the need for increased production of
forest and farm crops ia evident., The magnitude of the required increase will be
seen from estimates of population growth and rises in living standsrds,

Becauss any rapld increase in the standard of living in underdeveloped areas

generally calls for importation from abroad of capital goods and technical “know how",
it will be deairable to produce as much as possible within the country and to increase

exporta of the region's natural products. Following such a policy in the Savanna
will mean large increases in production of everything whick comes from the land,

The establishment of the Savanna Forestry Research Station in Nigeria was

predicated on the correcthess of the above assumption. It ias the purpose and function

of this station to supply the technical and scientific btases for the establishment
of foreat plantations which will meet the needs for wood in the savanna regions

30 yoars from now, and to train FNigerian counterpart personnel in various fields of
forestry research.

The Savanns of Nigeria covers over 190 million acres - some 85 per cent of the
land area of tha country. This region supports 3% 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, Tecently (1966) estimated the annual consumption of forest products
in the Nigerisn Savanna as follows:

Firewood 785 million cu. feot
Poles for houses 22 ° million cu. feet
Other round wood in houses 21 million cu. feet
Sawlogs 1" nillion cu, feet
Pulpwood 1.3 million cu. feet
Transmission poles 0.04million cu, feet
Total 840 million ocu, feet

Mr, Thulin also estimated the consumption of forest products in the Savanna in
1980 and 2000, based on two different sets of assumptions. In Alternative 4,
population was masumed to increase at the rate of two per cent per year and the rate
of per capita income growth wes also assumed to he two per cent. In Alternative 3B,
both rates were assumed to be 2,5 per cent. Future wood reguirements on these
assumptions are as followss

Estimated Consumption -~ Million Cubic Feet

1980 2000

Product Alt. A Alt. B Alt. A Alt. B
Firewood 820 950 865 1,230
Poles for houses 26 30 kY| 44
Other round wood in houses 21 27 21 35
Sawloga 20 22 44 61
Paper 8 1 45 91

 Transmission poles 0,2 0.3 1.2 1.8
Totals1: 895 1,040 4,007 1,463

The acreages of plantations needed to produce the wood requirements shown above
were eatimated and are shown below. It was assumed that firewood yielda would dbe
150 cubic feet/acre/year, sawlogs 100 cubic feet, pulpwood 200 cubic fest, and that
the requirement for both small and large polea would be met from the thinnings frem
plantetions eatablished for sawlogs.

Thousands of Acres

1280 2000
Eggdgot Alt. A Alt, B Alt, A Alt. B
Pirewood 5,466 6,333 5,766 8,020
Sawlege 200 220 440 610
Pulprood 40 55 225 500
Totals 5,706 6,608 6,431 9,130
Total Sawlogs and Pulpwood 240 275 665 1,110

It is generally sssumed that fuelwood and poles for house construciion will
continue to come from the natural savanna woodlend and from farm trees. It is alseo
assumed that an increase in production from the southern rain forest area will be
neaded to meet the economic growth expected in that densely populated region. Also,
sawlog production from natural savanna woodland is about 4 million cubic feet
annually = equivalent to 40,000 acres of plantation production. Thus, the need for
new foreat plantationa to meet the esstimated future wood requirements of the savanna
region of Nigeria amounts to 200 to 235 thousand acres in 198C and 625 to 1,070 thousand
acres in the year 2000.




-T 5_

The apecies native to the savanna woodland are generally of low value and slow
growth and it 1s not believed that production from natural woodland can be greatly
increased. Thus, the task shead for Nigerian foresters in the Savanna is the establishment
of plantations of exotic aspecies which are sdapted f{o the available sites and will
producs high yields of wood and other foreai products suitable for a variety of uses.
Trials of exotic epecies have not besn extensive enough or of long enough duration to
yield renults on which %o base a large program of plentation establishment. It is a
principal task of the Savanns Forestry Research Station to expend greatly the species
elimination and species growth triasls which will be the basis for larger scale
afforestation.

The ataff of the Savanna station consista, or will consiet, of a number of FAQD
and government counterpart specialists carrying on research which will help answer
the guestions of what species and races of trees to plant, what kinds of sites to
plant them on, how best to prepere the available areas for planting, what planting
mothods t¢ use, how to conirol economically unwanted competing vegetation, how 1o
control injurious tree disesses and insects, what rates of growth and yleld to
expect and how to develop, manage and protect plantation forestis.

The central core of the Station's program is silviculture with emphasis on
choice of species, site requirements, esiablishment of plantations, and ylelds., The
best locations for rlantations may often represent a compromise of biological and
sconomic factors. The foreat economist will indicate the areas best suited from the
economic viewpoint. The pilviculturiste will indicate those arees best suited to
give high yields at low costs. They will be assisted by the s0ll surveyors who will
locate the areas of beat soils for each species.

Befors the very beet sites can be located it will be neceasary to determine the
characteriatics of these sites through studies of the site and growth requirements
of each important species, This will be the work of the silviculturists, the tree
physiologist, the soil physiecist, the =0il chemist, end experts in pathology and
sntomology. Such studies will require considerable time but in the meantime best
Judgment will be made based on existing general and specialised knowledge of
tres-gite relationships,

It is antloipated that the principal physical site factors limiting the growtih
of tres gpeciea in the Savanna will be the awvailabdility of water and nuirients.
The long season with no precipitation and low humidity oreates high molature tensions
and internal water deficits effecting growth, There is evidencs of serious nutrieni
deficiencier, especially in some of the residual scils. Shifting cultivation, annual
fires and sheet ercsion undoubtedly have contributed greatly to these deficiencies
although the long pericds favourable to rapid decomposition of organic matter and
weathering of minerals, plus heavy wet season precipitation also make an important
contribution. The problems relating to availability of aoil moisture including
infiltration, percolastion, retention storage, snd evapoiranspiration losses will be
ths particular province of the soil physicist. The soil chemist will be concerned
with the nutrient status of soils and the mobilisation of nutrients. He will work
closely with the physiclogist and silviculiurist om problems of tree nutrition and on
soil fertility factors affecting site quality, tree establishment and growth. The
tres physiologist will be involved in studies of diameter and height growth in
relation to season of year, tissue moisture deficits and (in co-operation with the
goil physicist) the availability of soil and atmospheric moisturej the effect of
nutrient deficiencies and the relation of intensity and duration of light to growih
will also be studied. A forest pathologist will evaluate species in relaiion to
pathological factors eand will investigate the occurence and control of forest tree
diseases,
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The economical establishment of large scele plantations regquires effective,
low—cost methods of c¢learing existing Savanns, planting trees, and controlling competing
vegetation until the tree canopy closes. This will be the work of the silviculturists,
a mechanical tree planting expert and a forest herbicide specialist.

Species growth triels are planmned for the major soil types in each of six
different climatic zones of the Savanna, For ressons of ecenomy, and to accumilate
data completely descrlibing each site, experimental plots will be concenirated as
mach a8 possible at one locality in each zone. The major meteorological factors
affecting plants will be meazured at the principal loocality chosen and the physical
and chemical properties of the major soils determined. CGrowth and yield messurements
will be made for each principal species and yield tables prepared. Species growth
trial studies will be supplemented when necessary by field, nursery and laboratory
investigations.

To sum up, the Savanna Forestry Research Station is a regional {no political
significanne§ forestry research station of the National (Federal) Department of
‘Foreat Research, The Station will draw heavily on the talent, sxperience and past
work of foresters working in tropical savanna areas and on the Inatitute for Agricul-
tural Research which is also located at Samaru and which has been concerned for many
years with agricultural problems of the Savanna., In turn it is hoped and expected
that the Station can contritute substantially to the fund of basic knowledge required
to solve the problems of the Savanna., Of particular and immedlate importance are the
plans of government foresters to meet future wood requirements. But it is also
expected that the Station's work will be useful in the general classification and
best use of the land, on problems relating to future water suppliea, and in some
other mrograms designed to raise the standard of living of the Savanna peoples.

Samaru

August 1966,
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SOIL AXD WATER RESOURCES SURVEY OF THE SOKOTO VALLEY

. @+ L. Saravanamuttu
Acting Project Manager
Sokoto Valley Project, Kaduna,
N. Figeria

1. INTRCDUCTION

The Sckoto Valley Project is situated in what is generally desoribed as the Sudan
Zone Savamna. This project, which is primarily a rescurce survey, came into operation
in March, 1962 as a result of B request from the Government of Nigeris for assistance
from the United Naticns Special Fund to dsvelop this particular Savanna area. The
United Nations Special Fund appcinted the Food and Agriculture Organization as
Exrecuting Agency to carry out this resource survey.

The broad purposs of the project 1ls to provide the Government with reliable soils,
hydrological, topographical and agron-mical data needed for planning water conirol
measures, such as storage, detention of floods in reservolrs and in watershed,
drainage of water-logged areas and supply irrigation water. These data will help to
achieve the improvement ¢f the river regime of the Sokoto and Rima rivera and its
tributaries which ie essential for the increase and diversification of agricultural
production in this densely populated area. Although agronomic measures, together
with social and economio beiterment, are needed for suok an improvement, the mecast
important pre-requisite of any improvement is water contrel beth in the flood plains
and in the watershed,

2.  GEOORAPHICAL POSITION

'The Sckoto Valley Project includes the ocatchment area of the Sokoto and Rima
Riveors, covering almost all of Sokoto Province and a small area of Katsina Province,
giving a total land area of 35,000 squmls,The catchment area may be roughly divided inte
two major zones, the first southeast of an almost straight line, from Fakku 110N,

40030' E, to Moriki 12953'N, 6028'E, where lies the upper catchment in the geographiocal
division of Nigerias known as the High Plains of Hausa-land, The lower catchment area
lies to the Northwest of the above and ls geograypically classified as the Sokoto Plains,

3.  YEGETATION
Moat of the catchment area is situated in what is generally described as Sudan

Zone Savannas. The typical Sudan vegetation is more open and favourable to man than
the savannas +to the south, lknown as Guinea Zone, This openess is certalnly in part
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man~induoed, especially by his burning which annually sweeps this zone injuring the
trees,. 7 Although the typical fire-resistant species pomaess remarkable powers of
reouperation, fresh sucker growih is annually burnt back and the irees grow gnarled
and orocked and are useless for timber. The predomlnant trees are fine-leaved thorny
trees, usually acaoias about 30-40 f¢, high, There is & more or less continuous grass
cover, the grasses being short and feathery and contrasting with the tall, ocarse,
tussocky gresses typlcal of the Ouinea zons, Many valleys carry a continuous belt of fringing
forest, This consists of a dense tangle of dry-zone spsoles with lsolated larger trees
and patches of tall grass, and is very different from the dense gallery forest of the
Ouinea sone, 4s elsewhere in the territory, the vegetation has been extensively
modified by man, the modification being moet striking in the olosely farmed areas
around the larger towns., Here the original plant cover has bDeen more or leas completely
cbliterated and replaced by continuous streitches of arable land dotied with farm trees.

A number of trees grown without reducing orop yleld are Parkis clappertoniana,
Adonsonia digitata, Butyrospermum parkii, Leucinia gauce and Tamarindus indioa., Acaols
albide, which is leafless during the rainy season, has been found even to increass
Field. Most of theeas treea are leguminous and their leaves are used as green manurs
inoreasing the fertility of the soil. - The nitrifying bacteria living on the rootm of
the trees add valuable nitrogen to the soll. The leaves and fruits of most of thenm
are eaten by the local people in the dry season when other food is scaroe.

The exireme northern part of the catohment area 18 located in the Sahel Zone. The
vegetation of this gone coneists mainly of cpen thorn savannah with a sparse short .
ETrass oover. = Aoacia trees can be found in the low lying sites.

4, CLIMATE

Temparatures over the area range botween a marimum of 43°C and & minimum of 8% ]
and a rainfall at an estimated average for the whole Projeot Area of 35" to 40" annually.
From Sokoto to the FNiger Republic border the average would range between 25" 4o 30",

5.  POPULATION

The area of Sokoto Province is, according to the latest census, 316,477 eq. miles
with a total population of 4,334,769, giving a population density of 118 per square
nile, The actual diestributicn of the population is governed by water availability, in
which reapect the Sckoto and Rima Valley are in the poeltion to support large numbers
of people,

6,  TOPOGRAPHY AND AFRTAL PHOTOQRAPES

Since there were no reliable maps available in the area, asrial photography and
primary levelling were completed before beginning the project under contract. Twe
scalea of photographs werae produced. The Fadama area, otherwise known as the flocd
plain, was on a scale of 1:10,000 while tbe entire area was on a scale of 1140,000,
These photographs, and the uncontrolled mosaics, formed the base maps for soll survey,
detailed topographic survey for dams an reservolr surveys. '

7. HYDROLOGY

One of the mzin agpects of the project was the collection of hydrelogical and
moteorological data. The data so far collected were computed and annual year books
published, . From April, 1962 to March, 1966 about 2,800 dimcharge measurements were
taken and 12,000 sediment and water samples cbiained and analysed. In all, 450,000
observailion data were collected in the field and these, with other available data, give
a fairly good picture of the hydrclogical sz well se the meteorclogical data of the
project area,
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The main part of the project area where development seems most promising is the
oatohment of the Sokoto, the Gagare and the Bunsuru, The total runcff of the Rima
upstream from the oconfluence of the Zamfara is estimated at 1,800,000 to 1,900,000
acre feet per year as the average of a long series of years, B80% of the runoff
originates from the upper catchment of the above three tributaries where suitabls
reservoirs were selected. With a total storage volume of 1,800,000 acre feet it is
passible to control 80% of the runoff from the upper oatchment from which a safe yield
of 1,250,000 aore foet can be assured.

From the soil survey, there are 250,000 acres of good irrigable land in the
projeot land while the oonserved water is only sufficient to irrigate 100,000 to
150,000 acres for two season orops, This is mainly due to the need to release
water under oontrol for the farmers wvho depend on the flood waters to cultivate their
fadama land dowm streanm.

8. RESERVOIRS

With the hydrological data available and the detalled topographical surveys carried
out, the following reservoirs have heen seleoted for the control of the flood waters am
well as conserve water for irrigation. The aotual construction, of course, will depend
oa the availability of funds and the rate of development envisaged by the Government.

Name of Place Storage in aore/fi. Approximate gost for Dam only
2;3 Bakoloxri 315,000 ¥.£2,820,000
b) Kaurzuamoda or 201,000 ¥.£2,650,000

Yautabaki 273,000 ¥.£2,810,000
o) Kaya - 150,000 ¥.£1,800,000
d) Zobe 200,000 ¥.£2,000,000
e} Ousaun 100,000 F.23,420,000
2) Zurmi 55,000 F.£1,928,000
g) Kachers 1 423,000

Kachera II 235,000 ; ¥. 5,629,000
(k) Bukiuyum 207,000 ¥, £3,000,000
9, SOIIS

The catchment area has many different kinds of soils, Some are good, others of
poor quality. Nearly all present some problems in connection with theix best use and
management, All do not require the same kind or amcunt of soil and water comservation
measures, Some need such speoial measures aB drainage oxr flood oontrol before they
are suitable for cultivated crops. Others require irrigation to secure the maxrimum
production, whilst some should not be brought into oultivation because of their high
erosion potential or very productive capacity,

Generally speaking, the socils in Sokoto Province are well drained, acid in
reaction and vary from sands through sandy loams to loams. They appear to ocontain
sufficient nitrogen for most crop needs as responses to moderate dressings of njitrogenous
fertiligsers are, on the whole, almost negligible. They do, however, respond vexry
greatly to phosphate and to farmland manure, There does not appear to be any
deficlency in potash, They are very low in organic matter.

Some of the soils show a tendency to compact in the surface and meny set hard in
the dry season and are difficult to work. In those areas where continucus cultivation
hag been practised for many years, fertility has been seriously affected and a numbher
of problems regarding the most satisfactory way of restoring them have arigen.
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Under a rainfall of about 20" and supporting a vegetation of thorn savanna, the
solls of the Horthern part of Sokoto Province are composed of pale~coloured sands
bellieved to be drift sands of aeolian origin and re-sorted old alluvium, The moils
in the extreme North, which are pale coloured and show no profile development, have
been olassified as Regesols. Those s0ils further south that show aome top—soil
development and textured gradation have been classified as Thom Thicket Ochrosols
with a topsoil pH of 5.5 = 6.0 and a lower horizon pH of 5.0 = 5.5.

In the north-western part of Northern Nigeria, which include Sokoto Province, the
drift sands overlie msediments of the Gwandu group. When the mors argillacecus beds
approach the surface, there is a tendency to form neutral Gleisols, Eowever, it has to
be establisked whether or not there is any accumulation of godium galtas in these soils
of the very far North.

Thie soi) group occurms along the north boundary of Nigeria. The largest area
ocours on the drainage basin of the Sokoto and Rima Rivers. A high percentage of the
poil is in oultivation because of the high population density in the Sokoto and Kateina
Provinces. The soils of the area are highly susceptible to ércveion by wind and water.

The drift deposits derived from the desert sands of the last arid period furniash
the most important groundmut solls of West Africa. Depth of drift is variable and
independent of latitude, dut texture becomes finer towards the mouthern margin. The
pouthward increass in fineness led to distinction of two major soil groups, the Zaria
and the Northern Drift scils, although further sub-divigion can be recognized.

The Zaria type represents the southern part of the drifted area, where the covering
material, although up to 14 ft. in depth, is very fine in texture. In comsequence,
the solls eare heavy and relatively difficult to work, tending to beoome waterlogged
with heavy rain and to dry out and orack during the dry season, Parther north the
drift is coarser, resulting in light sandy soils of low to medium fertiliiy and essily
worked, They are well suited to orops such es millet and groundnuta, whioh are less
exacting in their reguirements than cotton, a characteristic orop in the Zaria type
of soil,

According to the Senlor Soil Surveyor of the Projeoct, there are three main
divisliona of soils and lands characterized by complex soil conditionss

A, Soils on yourg parent material such as recent sediments, or soils on parent
material very reasistent to weathering and leaching.

B. Soils on relatively young parent material, scile on river terraces, and in
areas where soils are regularly rejuvenated by sheet erosion on relatively
rich parent material,

C. BSoils on parent material having been subjected to deep weathering, etc..,
oither at their present location or in situations before they were trans-
ported and the tranaport exercized no rejuvenating influence.

The divieions, 4, B, and C, roughly coincide with differences in natural chemical
fertility. As a rough estimate, A has a relatively high fertility and totals 3,5% of
the catchment area, B has moderate chemical fertility and totals 52% and C has a low
chemical fertility and totals 42% of the catchment area.

Problems of soil and land use ars related to soil and landscape forming factors,
such as parent materials (geology), climate, bydrological conditione and man, fauna
and vegetation,

The dominating factors in the project area are the extreme olimatic conditions
which govern, to a high extent, the gecmorphology, hydrology, vegetation and fauna, as
well as buman behaviour,
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Some ampects of the influence exercised by the semi-arid climate on soil and land
use in surveyed territory are:

(1) Sheet erosion - the strong natural superfioial sheet and sheet-flood erosion
{intensified by overgrazing and burning) originates on rather shallow
relatively young soils. This is especially apparent in the higher (south-
east) parts of the area. The shallowness is a disadvantage; the relatively
rejuvenated oharacter of the soil is an advantage (chemiocal fertility).
However, previous to the present climate, more humid climatio conditions
woathored and leached very strongly part of the parent material. Where
these materials (mainly tertiary and cretaceous sand, gritas and clays
83111 existing in the far Northern part) were not totally removed by
erosion, the present soils are very poor. More arid periods alsc preceded
the present glimate. During those times, aeolic and fluviatile sandy drift
material ooversd the area for a great part. Strong superficial erosicn has
levelled the original dune pattern of the aeclic sands,

(14) Lloes of organioc matter: The intensity of the dry season causes & quasi-
total lose of organic matter, even in the most waterlogged areas. Only the
most recent sediments have a reasonable organio matter content., The lack
of organio matter is the cause of a very low storage capacity for plant
nutrients (P and N enpeoially)..-Also the water-hearing capsocity of the
sandy soils is unfavourably influenced.

(111) Salinations During the long dry season there is often an upvard movement |
of groundwater, especially in the very fine sandy scils in the lower part |
of the area., Occasionally in the flood plains this has originated already
natural alkaline soils (solidized solonets). Real salinity is not found |
under natural oconditions. After irrigation, however, the artificial rise
of groundwater aggravates the danger of salinity. Experience has shown
that already after one year of irrigation originally non-saline soils
turned into saline soils. Some of the scils with the highesti potential
show the highest liability to salinity.

10, LAND USE

Agriculture, together with liveatook, provides the main scurce of income in the
Province which is predominatingly agricultural. The following table shows the
astimated land use pattern for the years 1957-1959 and are the latest available
offioial figurest

Total Iand Under Forest Settlement Other
Sokotﬂ Land CrOpB -Reaerved_ Enrese“ad Areans Iﬁn.d.
Provinoe

23,340 1,820 4,920 2,880 140 13,580

(in thousand acres)

100% & 21%, 12% 1% 58%

4 great deal of the land, other than that listed under crops, is utilized by the
Fulani cattle herds. From the above figures alone it is obvious that land availability
ip not the limiting fector to increased orop production, In this connection it is
poseible that, for the next ten years, Government production requirements can be met
by increasing ylelde rather than by increased acreage, and this ocan probably be achleved
by the imsue of new and improved seed, more up—to—date farming techniques and a
considerable inorease in fertilizer use.
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Adjacent to, and within the bhoundaries of the main towns, factories and industries
are springing up such as cement, textiles, ouring of hides and sking and cthers on a
smaller scale, In the event of large-scals land development, faotories and processing
planis, complementary %o agrioulture, will be a necesaity,

The forest land provides not only livesiook grazing, but firewood for the towns.
The recorded output of timber and fuel issued on psrmit in Sokoto Province in 1962 was
290,000 cu.rft., valued at £290,500, 188,332 ou. 1. consisted of firewood valued at
approximately £183,332.

land use in the Province is largely conirolled by olimate and rainfall. In the
-south and south-sasi, with its higher rainfall, a high rate of farming is obtained,
-while, to the north, with its lower rainfall, livestock becomes the predcminant faotor.

11, Livestook oontributes a very valuable quota to the saonomy of the North as the
following figures for the 1962 census ¢learly show:

Northern Nigerig ) Sckoto Frovinecs

Cattle 4,256,114 | 641,585
Sheep 3,481,591 208,029
Goats 6,359,314 1,090,231
Swine 90,976 -

Eoxraen 278,513 41,211
Donkeys 7654657 ' 169,343
Camels 3,632 2,645
Poultry : 17,900,000 (1957) 1,700,000
Total all livestock 33,135,799 3,873,044

. The large number of liveatoock involved imposes many problems as regards grazing,
and presents a sericus challenge to the Govermment, 4vailable land for controlled
steoking ie not the main difficulty, which really lies in persuading the Fulani ocattle
owners to adopt & more sedentary planned existence, and in the provision of water
where no facllities at present exist.

. A large export in hides and skins brings a great deal of revemue to the Region,
Of partioular importance are the skine of the famous indigenous goat, the Sokoto Red.
The Total export value of hides and skins {sheep and goats) for the year 1962 was
£ 3,304,000, These figures refer to the Northern Region as a wholes, giving the
following breakdown: Cattle hides £1,403,000, sheep skins £335,000 and goat skins
£1,566,000, much of this revenue reverted to the Sokoto Province,

The Jovernment is fully aware of the prodlems it faces in effecting e general
improvement in livestock, and has underiaken -~ and is ptill undertaking - vigorous
;lcziinc of the TeeTue fly areas, breeding and cattle impwmvement and better marketing

aoilitien,

12. PRESENT ECONOMIC CCNDITIONS

Sokoto Province is not a rich Province, but it does possess great potential, more
especlally in the fields of agriculture and livestock. Until recent times the peasant
farmer existed at subsistence level, and this ie true of many at the present time,

But, in general, a distinct contimuing improvement in the agriculture is discermable
with a consequently higher standard of living., This improvement is directly due to

the Government policy of free seed issue of improved varieties, the supply of
subaidized fertilizer, and the encouragement given to the farmer to purchase oXen,
riloughs, eto., If this rate of progress can be maintained, and indeed it must be
maintained, the next ten years will show a great improvement in yields, and with beiter
marketing, an inorease in priocea for preoduoce,
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13. TRAIRNING

In the oxriginal Plan of Operation of the project oertain fundis were met aside
to provide fellowships for Nigerians, but, with the agreement of the Government, thims
was later oonveried into a fund designed to operste a School of Irrigation with ataff
largely provided by the Crganigation.

This school has been for some time esiablished in Bokoto and is demigned to train
suitable Nigerians in the field of elementary hydrology, btuilding, survey irrigation
design and other allied subdjecte, BSome difficulty has been experienced in recruiting
students with the required educational background and the original syllabus has been
revised to cover a lower standard of training.

14.. EXTENSION OF THE PROJECT

As the resexrve neared completion, the Nigerian Qovernment requested the Speolal
Fund to extend the Preoject by 18 months so that a feasibility study ocould be -
undertaicen by the Team for the proposed dam at Bakolori with a view to obtaining
foreign finance for its constructicn. The Special Fund agreed to extend the project
from April 1, 1966 to September 30, 1967 to meet the Government's aspirations, - The
extension was to carry out the feasibility study as well as to oontinue the ' training
of teohniolans at the Irrigation School -at Sckoto and ut the School of Agrioulture
in Samam. .

Since thers was no reliable information availabls as to orop responzes to
irrigation, an Agronomist was assigned to the Project to carry out trials.

The resultis of theme irrigated trials will indicate what level of production
may be expected under intenaive agriculture and the appliocation of wvater. It will
8lgo give and idea as to what orops can be grown in the dry as well as in the wet
2ea80N8,

The Wrials alsc have proved useful to demonstrate to the lcocal farmers what
irrigated farming is. This is quite evident by the interest shown by the farmers in
. the trial area.
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HYDRO-AGRICULTURAL SURVEY OF THE SENEGAL RIVER BASIN

J« Grolée
Project Manager
Seint Louis, Senegal

I. 3BACKGROUND

The Qovernments of the Republio of Cuinea, the Hepublio of Mali, the Iaslamic
Republic of Mauritania and the Republic of Senegal have agreed %o co-operate closely
with a view to the integral utilization of the resources of the Senegal River Basin.
To that end, they have appointed a Comité inter-dtats pour 1!'amdnagement du basain du
flauve Sénégal - C.I.E. (Inter-governmental committee for the development of the
Senegal River Basin)., The purpose of the latier is to promote and co-ordinate the
studles and works projects necessary to the end in view. .

The CIE has secured UNDP aid for six projects listed below (in
chronological order) :

1) Pre-investment survey for a project to regulate streamflow
of the Senegal River (Gouina dam) ;

2) Hydro-agricultural survey of Senegal River Basin (lst phase -
General Studies) ;

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

4) Study on water use in the Upper Bagin of ihe Senegal River j

5) Study of transport on the Senegal River j

6) Hydro-agricultural development of Fouta-Djallon.
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Projecis 1, 2 and 4 are ourrently being financed to an amount exceeding, in the
aggregate, US $ 8,000,000 including Government counterpart contributions (about 20 %).

The general pattern of the proposed development of the Senegal Rlver Basin is
as follows 3 ‘

1) Upper Basin. A series of reservoir-dams for hydro-seleciric power
production and stream stabilization will be built, the largest being that at
Cuoina at & site some 200 km upstream of where the Upper Basin terminates,
giving way to '

2) e Main Valley. Here a series of structures will be provided to control
the water level for both agricultural and navigation purposes and with a
view to a gradual expansion of irrigation farming. The present report is
about this second area.

II. THE PROJECT AREA DESCRIBED, PRESENT SITUATION OF AGRICULTURE (INCLUDIXG ANIMAL
PRODUCTION}.
sl :

The project area comprises the Senegal River valley downstream of the Gouina
falls, to a total length approaching 1,000 km, consisting of 800 km of floodplain
and 800 km not so subject, plus the so-called delta, The area thus lies on the
western end of tle savanna helt, on the socuthern edge of the Sahara.

The width of the f%codplain varies between 10 and 20 km, resulting in an area

. of approximately 9,000 km fgr & total length of 650 km. The valley gives way to &
delta approximately 5,000 km® in size, all in a2ll some 14,000 km“, including the

uplands bordering the valley. '

Climate : Sudano-sahel type, chéréﬁterized by a very pronounced dry Beason
from Ootober to May, and a reiny season lasting from June to September,

Rainfgll 3 increases from West to East, 370 mm yearly being reoorded‘at
Saint-Louls, 522 mm at Matam and 749 mm at Kayes. L

Temperature : the daily mean ranges between a maximum in April-May
(Matem & 34°C) and & minimum in December-January (Matam : 24°C).

Relative Bumidity : Minimum in March-April (Matam : deily mean 32 %) ;
meximum during ihe rainy season (Matam : daily mean, August : 75 %).

Floodvwaters : The floodwaters of the Senegal are governed by rainfall in
the Upper Basin. Depending on the year and the point of the valley under
oonsideration, the highwater season ocours in June-July and again in October-
November,

Soils : The soils of the valley are alluvial and of recent depesition, their
texture depending on the frequency and duration of the time they have been under
water. By reason of the shifting of the normal bed of the river, & provess that ias
going on even to-day, the amount of arable land varies, but for the most part, their
agricultural potential is high.

In the i#o-~called delta, soils again are of the hydremorphic type, their
cegree of saltiness being governed by the proximity of saline groundwaier.




86~

As things stand, farming depends on rainfall and the flooding of the river,
while irrigation farming is virtually unknown (less than 10,000 ha, entirely given
over to rice growing).

Rzinfad farming is carried on in the uplands overlocking the valley, and
yields, particularly as conoerns thelr pattern of distribution, are a function of the
water supply from this scurce. Crops, which are very much & matter of chance in the
West, can show yields of 500 = 8OO kg/ha in the East., Millet is the staple orop.

Floodplain farming. ILand in the valley is ocropped when the floodwaters racede.
The area involved is in direot ratio to the extent of flooding and the date the
waters subside, To these uncertainties must be added those represented by the hot
and dry east winds, blowing from January to Maroh. TYields wvary greatly. Sorghum is
the ataple orop.

cetile farming, Cattle are raised on nomadic or semi-nomadio lines, Hsrds
leave the valley during and after the rainy semson, to return thither at the end of
the dry season, Transhumance of the kind creates problema for the crop farmers of
the valley - and this will be true even when irrigation farming is introduced.

Forest cover. There 1a Btill oonsiderable forest cover on the floodplain;
the main species enoountered being the gonake tree {Acacia scorpiofdes), which is
quite tolerant ¢f pericdic submersion,

Fisharies, Flsh is & main protein food in the Senegal valley and is caught
chiefly when the floodwaters recede.

III. FURPOSE

The project calls for surveys with a view fo the progressive development of
the valley and so-galled delta of the Senegal River Baain throcugh irrigation. Any
such management scheme, howsver, is & long-term undertaking, whose effects will be
felt only with the passage of time, and the changeover from present practioces to thome
demanded by irrigation farming, once this is introduced, can only be brought about
gradually, Two stages, therefore, are envisaged :

1) annual flood control by means of & reservoir dam at Gouina in order
to improve conditions for flocdplain farming (and also to regulate
to some extent the regimen of the Falémé river) ;

2) a gradual changeover to irrigation farming as the irrigation and
drainege projescts in the valley reaches are completed,

The general studies making up the first stage will be supplemented in a
second phase by the creation of pllot irrigation districis and atockraising areas
as a feasibility study, on a life-size model, under the actual conditions in which
the proposed management schemes will be brought into being (and this from the
economic and social, as well as the technical, standpointa).
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IV. DESCRIFTION OF THE PROJECT

The firet step will be to collate available information - of which there iz &
conglderable quantity relating to the area under discussion, having accumulated in
studies of this kind over several decades. Then will come operations to complete the

map ooverage on a scale of 1 s 150,000 of the valley and deltsa regions of the Senegal
Tiver.

With the hydrologiocal, olimatic and topographio data already available, it will
be possibls 1o proceed with studies on a mathematioal model of the river downetream of
the Qouina falls. The ohief purpose here is to esimulate the natural regimen of that
river and to study the hydrological effects of building a dam at Qoulna in respect of
& number of operational assumpiions in its regard.

A 80il survey of the entire valley will follow, leading to the compilation of
& 1l t 50,000 scals land-use map in both the valley and delts areas.

The findings of all the studies here desoribed should provide the basias for &
general development schemea for the region and justify scommencement of the hydraulis
engineering studies.

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

41l the aforementicned general siudies will he supplemented by epecial studies
ocn fisheriea, forestry, agronomy and publio health.

The final stage, that of ithe sooic~economlc studies, is intended as a means of
determining in what direction economic activitles may best be channelled, under the
development programme, and to consider action with & view to providing vocational
tralning in agrioulture.

V. THE NEXT STEP = PILOT IRRIQATION DISTRICTS AND ANIMAL HUSBANDRY SCHEMES

A seoond stage envisaged, ithough not as yet approved, calls for the oreation
of pilot irrigation distriots and enimal husbandry schemes, The intention is that
these would become operational one year following the commencement of the first stage
of work.

Exploiting the technical findings emerging from the agronomic research, the
pilot irrigation sohemes will alsc provide an opportunity to sscertain loeal reactions -
in the economic and sceial sense = to the radical transformation that this changeover
from floodplain to irrigation farming represents. A further conslderation is that these
same experiments will provide information on the approacsh to adopt in rural
promotion and extension work. a

The pilot hushandry schemes will be created in the upland areas bordering the
valley. At the present time, the land in those paris is given over to winter (rainy
season) orops and nomadic stock raising. Now, the fact is that the develorment of
irrigation farming in the valley itself will permanently exolude stockralsing as
currently practised. Accordingly, in order to offset difficulties of all kinde likely
to arise from the new situation, a study will be made of (a) ways and means of keeping
the animals on the upland pestures throughout the year, if a satisfactory network of
watering points and a carefully planned pasture rotation can be introduced, and (b)
the complementary character of the present extensive grazing end the intensive orop
growing methods that should become feasible in the irrigated valley areas below.

As with the pllot irrigation districts, the problem with these animal
busbandry schemes is as much economic and social as technical,
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V1. THE CONTRIBUTION OF THE PROJECT TO THE MEETING ON SAVANNA DEVELOPMFNT

Irrigation is possible along &ll the great rivera of Afrida and their
tributaries. 4t the present time, soil and water rescurces are utilized whether

for cropgrowing or stockraising along traditional, and for the most part extensive,
lines,

A radical change would have to be effected in the habits of the local
populations, in both the activities mentioned, following on any development of these
parte. Thought musi be given in advance to such a change so that, when the time oomes,
the authorities may be able to deal with the problems inherent in the farming of newly
oreated irrigation schemes.

The Senegal valley lies on the western edge of the savanna beli. Fhysical
conditions are comparable to those of the basins of ciher major rivers in the region
suoh as the Niger, lLogone and Chari. Now, since an intensive and socientifio utilisation
of soil and water resocurces in the savanna belt is fundamental to economic and sccial
development there, the solutions emerging from the hydro-sgricultural survey of ihe
Senegal river basin should be applicable, mutatis mutandis, to other river basins.

For the present, however, in view of the fact that the project ia not yet operational,
it would olearly be better to learn such lessons as emerge from projects already
completed or still going forward elsewhere in the gavanna belt.
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LA 1SF/5D/66/PM/8

1AND AND WATER RESOURCES SURVEY IF THE JEBEL MARRA AREA

A .7+ Bakker
Project Manager,
Land and Water Resources Survey
in the Jebel Marra Area, Sudan

1, General

Field operations started February 1963, duration of Project four years, ending
January 1967, '

The Projeot is operated for the main part with direct recruitment of UN experts,
but with speoial parts EEEa1.E under sub=contracts with private firms (Hunting Technical
Services for soil survey and surveys of land uge and natural vegetation, lerioi
Foundation for geophysics and furiher contracts with Autair for heliccpter services and
with the Dornier Factory for aircraft pilots). For the sociclogical survey, a sub-
oconiract with the University of Bergen, Norway, has been considered, but for practical
Teasons two closely co—operating experts wers finally given individual ocntractss. one
‘£iesld expert and one senior oconsultant responsible for the over-all interpretation of
the data.

Five asscciate experts from Sweden, Holland and Belglum have re—inforced the team.

On the CGoveranment side the Ministry of Irrigation was appcintied as operating
Ninistry with partioipation of the Ministry of Agriculture, Animal Rescurces and
Finance and Economic Planning and the depariments of Foresiry, Geology, Topographical
survey, Meteorology and Land Use., Some spsoial rounded-off taskas are handled under
oontract between the Ministry of Irrigation (the Projeot) and the Survey Department,

The Project area (ebout 32,000 kmz) is exceptional in the Savanna belt through
the high mountaine {(over 3,000 m.’ which causes & cooler climate and higher rain fall
than is normal for the surrounding areas,

2 The Project formse phase 2 of the survey of the area..

A short reconnaissance survey was already carried ocut in 1957 for the
Government of the Sudan by Eunting Technical Services. The recommendations of the
phase 1 study are, in principle, the terma of reference for the present phase 2 survey.
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The survey can be divided into 3 partess

(a) the inventory of resources: water, land, natural vegetation, present land
use and the scciologlcal survey and the health aspectsj

(b) determination of technical possibilities! agriouliure, both rainfed and
irrigated, including field orops as well as horticultural oropa, water
management, grazing and animal husbandry, forestry, roads and communicationsj

(c¢) appraisal and recommendation of future developmentt social=-acconomic
oonsideration will be decisive in this last part of the Project whioh im
not yet conoluded,

3, To elaborate on results 6! the survey is not possible within the socpe of this
statement. To summarize Eriafly wa found:

A generally impervious basement ccmplex area with, apart from ithe astual mountains
aome 100,000 acres good lands in the piedmont and some 150,000 acres of river alluvia,
receive rainfall limited to 4 summer months, of 600 to 900 mm/yr (on mountains over
1,000 mm) and have available some 200 millicn m3 of surface water in the Wadi Azum
system. To bring water to the pledmont soils the construction of surfacs reservoirs
is needed, while in the lowver valleys the alluvial aquifers can supply excellent
underground storage. )

The mountain offers unique poasibilities for ths production of softwood and the
poasidilities of temperate zone fruiltm should be furither investigated. Seed potatoes
are also promising,

The piedmont already supplies excellent oitrus fruits. ITrrigation water has
probably to be used here mainly for horticultural orops, Rainfed tobacoo may be
_possible (hail damage). Further controlled intensified grazing is possible in the
lower mountains and piedmont. Eucalyptus plantations are doing very well hars. The
esconomic relationahip between theese possibilitiea has still to be worked out.

In the lower valleys the best lands are already occupied by very abdle farmers
who are longing te obtain modernized means of production. Irrigation from pumps can
be greatly extended, BRainfed mgriculture, especially sorghum and millet will continue
to be important., For the production of cash orops the marketing possibilities are at
present decisive., A system of Malmost all weather" roads should bring enormous changes.
Next to horticultural cash orops, tobacco is very promising. The large areas of mainly
shallow basement complex moil between the main Wadis are mainly umsed for seasonal
grasing., Intenaifiocation by conetruction of more watering points will probably lead
te acoelerated erosion,

Oonsiderable areas of black claye are hardly used at present because the available
Iooi; are too light for the soil, Development of such areas is investigated elsewhere
n the Sudan,

4, As special aspects of the Jebel Marra Project worth oonsidering in this meeting,
the following can be mentionedt

(a) The alluvial aquifers of the lower valleys give excellent possibilities for
underground water storage with as advantages:

= no heavy initial investment in dam construction is needed, and development
can take place gradually)

=~ vary small evaporation loases;

- seepage losses from irrigation return to the reservoir.
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(v)

(o)
(a)

(e)

= Forestry}
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Soclological studier were carried out by 2 anthropologists instead of the
farn management studies which are usual when we deal with more sophisticated
societies,

A special study was made of the Haraz tree (Acaoia Albida) and itg very
important role in the agriocultural oycle. :

A limited program of road construction was ocarried cut within the survey
project. The most urgent problem is probably how to oreats all weather
access to the ares with a minimum of costs.

Urgent need for go-operation with other projects exists among others im:

= the development of heavy olays in South-Western part of the projeot
area (Nuda mountains)j

= the development of the sandy Kordofan soils, East of mountaing

= the Economics of groundwater extraction from superfiocial aquiferss

= Processing of agricultural produniu.

Special Needs and diffioulties experienced during the project.

(a)

(v)

(o)

(a)

(e)
(¢)

(g)
(n)

Preliminary over-all eppraisal ‘needed periodioally in order to adjust
progranm and pricritiea, Examplest

Relation between water and land resources,
Groundwater volumes and groundwater diacharges.
Search for extra stock water = where nesded,

Shortage of gualified counterpart personnel. Conaider poesibility of

adjusting current cbservatioh methode to the meana available.

= In Jebel Marra hydrology eimplified discharge cbmervatiocna by locally
engaged peracnnel siationed on the spot during wet eemson.

= Use of computer for calculation of topographic data saves time and makes

- striot adjustment possible. 4Also computation + plotting contour maps -
by computer, .

Operation and maintenance of project aircraft planned to be Government
responsibility Zailed when Sudan Air was reorganized. Completely different
approach to bs oonsidered,

Maintenance of yvehicles and other project machinery needs more preparation and
to . be specified in much more detail.

Co-operation between different Ministries and Departments iz often diffioult.

Most importantt +the local population cannot understand the need for
surveys and studies. A combination with some development is needed., 1In
our project,road improvements needed for the project ara at the same time
the beginning of development, easily understood by averyone.

Different fields are not at all equally advancedt forestry batter developed
than grazing. ‘

Combination of project management with full technioal responaibility for
inportant field can easily be too much. In our ocase suppert from asaocolate
experts formed & partial sclution,
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6. Follow=-up projects

An all important gap between survey and actual development lies in the realigation
of technical possibilities under farmera conditions,

If the development takes the form of a large cenirally eontrolled project it is
the tas¥ of the directiion of the development organization to close this gap.

If however - as is the case in jmportant parits of our projeot area - either land
or water resoulces are scattered, and an experisnced population of settled farmera is
available, it is necessary to make a separate effort at pilot-demonstration of
development growing from the existing farming,

This is all the more true if the area is ieolated and far away from the oapital,
Controlled investigational development is also needed for large mscale groundwater
exploitation where the behaviour of the groundwater surface has to be olosely followed.

For similar reascns but in a completely different field, we propose that during
a follow-up project msocial change will be measured at regular intervals.

Although the survey will be completed, investigations have to coniinue. Even
where the responsibility for such investigations can be effectively turmed over
completely to the Government, sonsultant advice may be very useful. This should also
be included in a follow=up project.
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STATEMERT OF THE FORESTRY RESEARCH AND EDUCATION PROJECT,
SUDAN, AS IT RELATES TO SAVANNA DEVELOPMENT

D.l‘ Lane
Project Manager
Forestry Research and Education Centre
EKhartoum, Sudan

The Forestry Research and Education Froject in the Suden became cperaticnal
in February, 1962 for a five year periodj it i1s likely to be extended for a
further period of 12-18 months.

The Research aspect of the project covers Silvioculture, Wood Technology
Sawnilling and, more recsently, Botany. Since all the Budan, apart from the
deasert area of the north, which covers between a quarter and a third of the country
and smell areas of oclosed forest in the south, comes under the category of savanna,
the project's main work is in the savanna aresa.

Silvicultural research under the project is divided into four areas, the Arid
Zone with a rainfall up to 300 mm falling mostly in 2% months of the year withk both
clay and candy soils, the Eastern Region with a rainfall of 250 to 950 mm with mainly
heavy olay woils, the Western Region with & rainfall varying from 350-800 mm with
mainly sandy eoils tut some olays and the Southern Region with a rainfell varying
from 800 to 1500 mm or more with mainly lateritic soils.

The Silvicultural research program can be divided broadly into the following
categories -

1) Inveatigationa into the natural savanna vegetation, its rate of growth,
its coppicing and productive capacity, the effect of fire and of protection
against fire, grazing and biotiec faciors. i}

2) Investigations into the silviculture and management of the eccmnomically
important indigenous savanne apecies, some of which grow under special
conditions such as Acacia nilotica, locally known aB ‘sunt' assoociated
with seasonally flooded areas near rivers, which produces & heavy hard
timber used for railway sleepers and which zlao produces from the fruit
pod an excellent tannin material for the treatment of hides and ekinss
Hyphaene thebalca, the Dom palm, whick also occurs along water courses
and which produces a very durable timber, also fibre from the leaves
which is used extensively for making brushes, mats, rope etsc. and the
nut whioch provides a good fodder and is also used for making buttonass



Boswellis papyrifera which ocoours, sometimes gregariously, on siony slopes
with & rainfall of about 800 mm and which produces a timber used for match
boxes and for particle board, both of which are made in Kharioum.

3) Investigationa into the Silvioulture and mangement of exotic species, grown
under irrigaticn and under rainfall conditions, which have been introduced
in the pest, some of which are already having, or will soon have an impact
on the rural economy of the savanna population, and later on the country's
economy) examples of these are Eucalpyitus miorotheca, grown under irrigation
in the Oezira cotton growing scheme area, which provides for the main needs
for building polea and fuel for the large tenant population living in the
areaj; Buocalyptus tereticornis, which is grown on the fertile silt solls
slong the Blue Nile and which produces an excellent pole = cnces the problem
of preventing splitting ocan be solved = suitable for telephone and electricity
transmission lines; Teotona grandis — teak - which is being grown on a
ocnsiderable scale in the southern part of the country; Cupressus lusitanica
which is the main softwood species being grown in the Imatong Mounteins in
the south and on Jebel Marra in the west, which will provide for the future
softwood needs of the Sudan, and a number of other species which show promise.

4) Introduction of other exotlic species, which are likely to have a chance of
puocess under different conditions in the savanna area in the form of aboretum
irialas consisting of about 25 treea of each species, Thoss which show
promise in the arboretum trlals are investigated further on & larger sczale
in specles trials, following which, if still successful they can be planted
on a field secals, : '

The Wood Technology research program is designed:

i} to investigate the properties of the natural savanna epecies in order to
try and find uses to which these speciss can be put either in the raw
state, or after some form of preservative treatment, or in a converted
state such as a constituent of particle board.

ii) to investigate the properties of the exotic species which have been
introduced and are growing under conditions sometimes very different from
their natural ones, which may have considerable effect on their properties.
This applies particularly to species grown under irrigation whioch have
ample ground water but whose foliage is subjected to extreme heat and
very low humidity. A good example of this is Bucalyptus camaldulensia
which grows extremely fast but when cut, certainly in the younger stages,
splits badly and produces a very umstable timber.

The Sawnilling program covers investigationa into the moat suitable equipment
and Sawing techniques for converting the savanna speciea, mostly the larger cnes in
the mouth such as the mahoganies, Khays grandifoliola and K.senegalensis, Isoberlinia
doka and Afgelia afrjcana and alsc Acacia nilotica in the north, into sawm timber of
sizes which are in demand. It also covers the kiln seasoning of the timber, which is
an important aspect if the timber from the more humid south is going to find a ready
market in the main consuming areas in the north where the humidity ie very much
lowsr,

The Botany program covers the study of the mavanna vegetation, the btuilding
up of a herbarium, including a carpological collection of fruits arnd seab, many of
which 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 northamm Sudan.

The savanna area of the Sudan generally is one of a low human population




density but of a high animal population density, partiocularly of goats near any
habitationy the natural savanna vegetation should be retained as long as possible
to prevent ercaion, mainly wind erosion in the drier areas, assist water conservation
and provide fodder and shade for animals, partiocuarly at the dry periods when no
ground vegetation is available, and also by providing, as it does now and will
continue to do so for all time if not destroyed, the requirements for fuel and for
rough poles for building purposes in the rumal areas: with the rising standard of
living, a better quality pecle ia likely to be demanded in the future for building.
If development is to take place in savanna areas which entails large scale clearing,
it i3 essential that sufficient natural vegetation should be left to cater for the
needs of the population, which may increase considerably with development. An
appropriate method is to leave strips of wvegetation which will form shelter for
crops and animals. The effect of shelterbelts 1s being studied cn the project.

If some form of cheap preservative treatment can be given to the natural
poles, those species now used will last considerably longer and the demand will
be correapondingly lesaj other speclies not now used may alaso become utilizable;
this is a prodblem which is being tackled on the project.

4 further matter which is being investigated and which requires more investi-
gation, is the coppicing capacity of the savanna species, whether the time of
coppicing influences #w production of healthy coppice sheets and what effect brows-
ing has on young ccoppioce sheeis,

The problem of fuel and pole requirements arises near the main centres of
populaticn where both are in short eupply. It is near these centres -~ not go
close that town planners will be eyeing them in a few years time as has so often
happened in the past, = or in sultable and acceasidle areas not too far away, that
plantations of fast growing species are regulred and whers a considerable amount
of the project silvioultural work is being carried out both in irrigated and in
non=irrigated areas. 4 wide variety of mainly exotic species arerbeing raised in
arboretum trials to find ocut what epecies will grow well and whether the producs
from these gpecies is auitable for the local requirements. Two species among
others, which show very oconsiderable promime in the young strge are Cocnecarpus
lancifolius, which is a native of Somalia, and which 1s growing very well under
irrigation in the Kharitoum Greenbelt and elsewhere, and which producea a good
general utility timber from teste done by the Wood Technologlst and Bucalyptus
exserte from Australia, which is doing well on eandy solils under rainfall of ADPPTOX~
imately 400 nm.

The impoxrtance of good screening trials for new Bpecles over a periced of years
cannot be over-stressed. A good example for this is Azadirachta indiea the
ubiquitous Neem - which grows wsll as a plantation species for the first two years
after plenting ocut in the sands of Kordofan under rainfall of approximately 430 mm,
but which then deteriorated rapidly and mostly died, probably through competiticon
for the available water.

The Sudan is fortunate in having an indigencus species Acacia senegal whioh
grows, in some places as a pure crop, on both sand and clay soils in the 253 to

450 mm rainfall belt and whick preoduces the 'zum arablio! of commarce, It is an

ideal species for savanna conditionse since it is the main constituent of the fallow
pariod of the agricultural rotation., It can be raised successfully directly from
seed, it starts producing gum after 3-5 years and then becomes a cash orop, very
conveniently during the dry seasony it also provides good fodder., When the land

is required for agriculture, the trees can be clear felled and the produce provides
large quantities of wood for charcoal and firewocod = unfortunately it is not straight
enough to produce reasonable poles. It withatands ssveral years of ruthless ocut=
ting back while agricultural crops are grown and when left, it will shoot again and
start another rotation which again produces gum and caskh = all this at no cost =
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while the land is left fallow. This is an ideal example of foresiry and agriocul-
ture working togethsr., The restocking of natural *gum gardens' as they are called,
is being encouraged bty the Foreats Department who are also sowing up new areas by
mechanlioal means, The Foreat Department Oum Research Officer is also a projeot
counterpart so there is olose coordination in this work,

In savanna areas with a rainfall above 1100 mm, teak is being grown sucocess~
fully; it produoces an excellent pole which is very durabls, and if it will grow to.
timber size, i% will produce a valuable tut hard timber, The project program for
the south included work on the silvioulture and management of teak but unfortunately
little work has been poasible. The importance of this epecies for savanna develop=-
ment in the higher rainfall areas and on good soils ie fully appreciated and it is
almost certainly a species of the future for these areas, Some experimental work
on raising teak with agriocultural crops = the well kmown taungya sysiem - has been
done and has shown that this method is very suitablej} general experience has proved
that the taungya system is successful only where there is definite land shortage
for agriculture.

In the higher altitude areas of the Imatong Mountaine in the zouth and
Jebel Marra in the weat, plantatione of conifers, mostly Cupressus lusitanica, but
some Pines, are being established, At present all softwood requiremenis for the
Sudan are bsing imported, the 1965 imports amounting to 24,014 metric toms to the
value of £5907,000, which wes approximately half of the amount imported in the
previous year. 'The higher altitude arsas capable of growing softwoods are most
importent for the oountry and are developing rapidly; +the crops are still in the
young stages but promise welly project work in the scuth has been limited Dut on
Jabel Marra a variety of experiments are in progress with the aim of finding out the
best techniques for good establishment and growth of the scftwood and other apecies,
mostly Bucalyptus. TNumbers of arboretum triels have been started tc find the
moet suitable species under different conditione and many sample plots have been laid
out to follow the growth of those specles already planted on a field scale, Tending
and thinning experiments will be started as scon as the c¢rops reach sufficieni size,

Experiments on planting conifers in lowland areas were almso started in the
southy some species have promised well and there seems little reason why quite
large soale development on these lines should not follew,

Development requires staff and equipment, The education aspect of the
project includes the iraining of counterpart, field and laboratory staff in research
and prsctical techniques and assistance to the Forest Hangers College by the provisim
of teaching staff and equipment for the 26 students who are undergoing a two year
couree, 4 considerable amount of equiprment for field, workshop and laberatory
work has been purchasad with project funds and is in use.

Sudan
August 1966
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THE SOIL SURVEY PROJECT AS REIATED TO
SAVANNA DEVELOPMENT IN SUDAN

Ulenn H. Robinaocn

Project Manager
Strengthening of the Soll Survey Division,
' Wad Medani, Sudan

The Sudan - United Nations Soll Survey Project has ssveral purposes btut the
central goal is %o help to eatablish and organize a Soil Survey Divieion which can
sexve the needs of Sudan for Soil Surveys and interpretation ¢f soils information.
To acoomplish this the following general rrogram was proposed.

(a)

(»)

Conduct msoil surveys including laboratory studies of specific areas in
various parts of the country. These surveys are at the reconnaissance,
ssmi=-Getail and detaill levels of generalization. In doing the surveys
the staff obiains "On tke Job" training in the various kinds of surveys,
studies field survey methods and procedures, sampling procedures and
the collectiion of relsvant soils and agronomic data.

The Ileboratory is under -the direction of an FAQ Soil Chemist

who gives training in chemical analysis of solls — including methods and
procedures. In addition, studies are made relative to the kinds of

analysis needed for various types of soils and interpretation of

results., The field surveyors are alaso trained in interpreting laboratory
data. The areas surveyed are of interest for the (overnment Development
Program and the recommendations will be useful in planning their utilization,

Soil Classification and Correlation and Socil Survey Interpretation studies

are continuous throughout the project. All the field staff receive some

training in both types of study tut one semior counterpart is receiving
intensive training in soil survey interpretation, and snother in soil
classification and correlation. Each specialist first obtaina experience
at various levels of field work from soil mapping to report preparation
and then intensive training in his speciality. Soil Classification is
btesed upon the Tth Approximation. Soil Correlation studies cover all the
work by the Division as well as that completed by Consulting firms working
in the country, other Government Departments and other FAC projecte.

The soil survey interpretations are t¢ be made for various purposes. Firat
interpretations are made for important cultivated crops in both irrigated
and rainland areas, Available crop yielddata are assembled and analysed
according to certain soll characteristice., Resultas of this study are then
used as an aid in determining land suitability classes. Similer procedures
will be followed for pasturs crops, forestry and, if requested, engineering
uses of moils,
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A Bmall cartographic section is included to service the field parties with
needed base maps, to compile field sheets into finished soil maps end to
rrepare land suitability mapa. In addition, this unit will prepare maps
for publication and help with the reproduction of reports and similar
materials to be distributed by the Division.

Training is carried on throughout the project — from administration,
transportation, communications, records, field and laboratory methods and
procedures, interpretation of results end presentation of findings. Thie
is accomplished by example, persoral instruction, classroom lsctures,
recommended reading and other exercises snd a limited number of fellow-
ships for study abread, The goal of the project is to have & gufficient
munber of well trained persons available to carry on successfully the

-work of the new Division., At present there are 15 University Gradustes

end 14 Technical staff of the project.

< For background information it is noted that almost all Sudan's exports are
agricultural or livestock products with cotton accounting for more than 60% of the
total. All the Egyptian type cotton acresge and over 90% of the American type cotton
produced are within the Savanna belt. In addition 90% of the dura acreage, 98% of
the millet, 97% of the sesame and 79% of the groundnut mcreage are grown in the
Savanns belt. Irrigation is extremely important in that dura yield for example,
under rainland cultivation, may be about .374 metric tons per feddan (as in 1%61/62)

compared to .638 metric tons per feddan for irrigated areas. Cotton (American

yield

differences are even more siriking - .452 metric tons per feddan under irrigation
and .119 metric tons per feddan under rainland,

In summary this means that the Savarma erea of Sudan produces more than'BO% of
the agriculiural exports and probably more than 75% of the foed products.

Most of the scheduled moil aurveys are located within the Savanna belt. Thus
the Survey Frogram should be able to make a contritution to the development of the
Savanna area through.the performance of its asaignment, The project is still in the
organizing and data collecting etage. Soil surveys have been completed for about
1,300,000 feddana end chemical data is Just becoming available, So far, yleld
data for the QJezira areas has been compiled and tentative recommendations have been
made relative to evaluation of Alkall soila, Little work has been done ae yet in
evaluation of rainland areas. ' '

I+ is proposed that the Sopil Survey Prbject coﬁld furnish assistance to the
development of the Savanna area by the following:

(a)

(b)

So0il studies to identify and map the various kinds of soil 1in the assigned
arsas. The kinds of soils will be classified mo that they can be correlated
with similar soils of other areas. Thus research data and obasrved cultural
and management practices can be evaluated and epplied to similar soils
throughout the Savanna.

Collection of Agronomic date relative to cultural practices - type of
cultivetion, crop sequence, kinds of crops, yields under variocus conditions
and by kinds of soll, natural vegetation snd fertilizer or manure used,

if any. Such information should prove helpful as basic information in
evaluating the level of management common to the area and as an aid in
helping to recommend improvements in manzgement.




(o)

(a)

(o)
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Chemical and physical evaluations by kinde of soil, Both chemical and
thysiocal properties of the soils need to be determined. These determinations
should include moisture holding capacity, permeability, Ptulk density,
compaction and mechanical analysis as well as cation exchange capacity,
exchangeable bases, pH, electrical oconductivity, exchangeable sodium
percentage, nitrogen, available phosphorus and potash. All of these
charecteristics must be evaluated relative to soil response to management
or as an ald in evaluation of the plant envircnment.

Eatimation of the erosion hazard by various kinds of soils and making
recommendations for control. Other forms of soil deterioration should
also be evaluated - fertility depletion, siructure deterioration, loss
of organic matter during culiivation etc, These evaluations can assist
in planning management practices.

Land suitability studies to determine the kinds of crops besi suited to a
given soil and to predioct the relative yleld that might be expected at
different levels of management. This can be done by collecting yield date
and evaluating it by kinds of soil and kind of management followed in -
cbtaining the determined yislds. Land suitability classes can then be
asEigned based upon yleld information and taking into consideration
chemical, pvhyaical and culturasl practices.

Cooperation with other workera in the same and related fields. Information
should be freely exchanged relative to moil mepping and classification and
criteria used in determining Land Sultability Groups.

Much inforpetion is availadle from forestry depaertments, praesture management
specialists, agronomists, fertility experts, ecologists etc, All of this
can be utilized in preparing the beat pomsible recommendations for use and
mansgement of the Savanna soila,
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AGRICULITURAL TRAINING AND DEMONSTRATION PROJECT OF BOBO -
DIQULASS0, UPPER VOLTA, IN RELATICN TO SAVANNA DEVELOPMENT

B, Agmen
Project Manager-
Agriocultursl Training Centre
Bobo -~ Dioulamso, Upper Volta

The Agricultural Training and Demonstration Centre (Centre Agricole Polyvalent).
UNDF = FAO Project, founded in 1963, is located 10 km. from Bobo-Dioulasso in
the South-Western region of the Upper Velts Republio, Following is a brief statement
of the aims of the Frojeot, and of its programme for raising the atandard of farming
in this region of Tropiocal Savanna, .

DESCRIPTION OF ENVIRONMEST AND RESOURCES

The area of the Upper Volta Republioc ia 274,000 lm.z, situated 800 km, from
the mea, between 9° 12' N and 15° 30' N, The country has three diatinot olimatio
goness ‘

Sahelian type in the extireme North
North-Sudan type in the osntre
South-Sudan type in the Scuth

The olimate is charaoterised by & very marked alternation of seasons; a dry meason
lasting about eight months from October to Juns, with dry easterly winds (Harmattans),
and a short rainy season of four to six months {June to October).

The average rainfall varies from 500mm, {20 inches) in the North during
50 =~ 60 days, to 1,350mm, (54 inches) in the South and South-West during 80 = 90 days.

Rain distribution is irregular and extreme variability exists from cne year
to another, and from region to regicnm, 70% of the rainfall ccours during the months
of July to September, with the maximum in August,

The countiryside oonsists of high plains traversed by a few permanently flowing
rivers and a mltitude of emall, seasonal, streams whioh dry up completely during
the dry season,
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The vegetation is typical savanna, with bushes and thorn acrub in the North,
and broad-leaved trees in the South, with a dense growth of grasses during the
rainy season.,

In 1965 the population of Upper Volta was estimated at 4,816,000, with 16 pecple
per square Kilometer, The annual rate of increass is about 2%, The population 1is
essentially rural (94%). There are asbout 510,000 peasant families., Almost 300,000
people of working age migrate annually to neighbouring countries in search of temporary
employment, .

Boils are typical of savanna gones, being of medium fertility, sandy in textura;
poor in mineral colloids and organic matterjy markedly deficient in phosphorus and
nitrogeny and subject to rapid loss of moisture.

The traditional method of shifting cultivation, with burnt fallow, is universally
used, the fallow psriod varying from 2 to 8 years in different regioms, In areas with
high density and constantly increasing population, as in the Mosel regions, shifting
cultivation is diminisbing and fallow duration becoming shorter, causing consideradble
impoverighment of soils.

The area of arable land is 9,000,000 hectares (32% of the total area) of which
about 2,500,000 hectares {28%) are cultivated annually,

Farning activities are concentrated into 160 - 170 days during the rainy season,
from the middle of June to November, Om river banks and marshea the cultivation season
is longer.

Sorghum and Millet are the two main subsiatence orops, while Maize is also
important in certain areas, Rice is cultivated in muddy land and awamps. Groundnuts
are mostly used for local consumption, and partly for expori. Cottorn is mostly grown
as a cash orop. Following are the total gquantities of msin crops produced in 1964,

in tonss=
Maize 126,000 Millet 377,000 (roundnuts 136,000
Sorghum 877,000 Rice 39,000 Cotton 14,500

Only a very small proportion of production 1s commercialised within the country.
15% of sorghum, maize, millet and pice; 9,000 tons of cotton; and 5,000 tons of
groundnuts were exported in 1964. Agriculiure is predominantly subsistential, Yields
per hectare in dry farming are generally poor, of the order of 520 Xgm, of sorghum;
410 Kgn., of millety 550 Kgm, of maize; 500 Kgm, of groundnuts; 200 Kgm. of eotton,

ANTMAL PROIUC TIOR

Breeding of cattle and sheep is the mos+{ important econcmic resource of the
country. 2,000,000 head of catile and 3,000,000 head of sheep and goats are raised
annually, and of these about 110,000 head of cattle and 260,000 sheep and goats are
exported %o neighbouring countries, Thila export makes a very valuable contribution te
the national exchequer. ‘

Breeding of cattle is distinet from crop farming, though small liveatock, such
as sheep, goats, piga, guinea fowl and poultry, are frequently raised by sedentary
farmers,

85% of exported products are agricultural, of which two-thirds are livestock,
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STANDARD OF FARMING

An average farmer invests about 100 = 110 days in crop producticn and hls wife
about 50 days, Employment is almoat entirely during the growing season., Throughout the
rest of the year there is almoat complete unemployment, which makes for an enormous
lozs of buman energy. Soll is cultivated by traditional conservative methods, using
only hand-toolsl hatchet, hoe, coupe-coupe, etc., Draft animals are very rarely used,

The area cultivated by a family depends on the pize of the famlly and varies
from 2 to 10 hectares, about 0.5 ha, per person, The possibility of inoreasing the
cultivation area is limited by two main faotors:

1. Low labour efficiency, due to old-fashioned farming techniques:

2. Seasonal bottlenecks: at the beginning of the rainy seascn the available
time for soil preparation and for sowing is relatively short: and, during
the growing period when heavy rains delay weeding and hoeing.

Handiorafts, gathering of wild rcots end herbs, both edible and for medioinal
purposes, fishing and hunting, are generally associated with farming, The average
annual income of a rural family (inocluding food consumed by thé family) is estimated
at 20,000 - 50,000 francs, depending on the size of the family., According tc a recent
survey, the daily average intake of calories is almost suffiocient but intake of
proteins, and easpecially of animal proteins, is very low.

FROBLFM OF RURAL DEVELOFMENT

Constant growth of population is followed by demographlio modifications, Urbtan
populations are inoreasing steadily, and the average educational standard is gradually
rising, There is general resentment among the young people againast the anoient modes
of 1ife. Egconcemic and culiural needs are permanently growing and the State bas to
provide ever increasing soocial services,

Economlio expansion and increased national production are vital necessities,
Agriculture ie, at present, the essential resource which, by developing even part of
its potentiality could contribute most importantly to the scoial and economic progresa
of the country,.

STEPS TO BE TAKEN FOR IMPROVING AND INCREASING AGRICULTURAL PRODUCTION

1, Improving technical methods of soil cultivation, good smoll preparation,
correct sowing,

2: Using of selected seeds.

3., Applying the use of manure and artificial fertilizers (the total fertilizer
congumption in Upper Volta last year, was 595 tons, which is an average
of 0,2 Eg, per hectare).

4, Employing rational crop rotation1 which includes_gdequate food production.
S« Introducing the use of draft apilals, primarily oxen.

6, Improving farm to0ls, and introduoling appropriate new ones.

T. &Spreading the practice of irrigation, where water is availabls.

8., Apprlying soil conservation methods.

9, Carrying out pest and diseasme control.




10, Introducing cattle and poultry to sedentary farms with the ainm of
developing mixed farming.

11, Enlarging family farms.
12, Producing grain for feeding livestock,

13, Iomproving farm management systems in the traditional wvillages by
allocating spacified areas ¢f land te farmers.

14. Resettling villages, and establishing new villages in reclaimed areas.

The realisation of all theae objectives requires, first, higher standards of
farming, and second, adequate capital for investiment, The classiocal 00l for raising
the technical standards of farmers is exiension-service example and training, Where
extension services in Upper Volta are concerned, only some 850 technical agents and
rural monitors are at present employed by Government services and by the various
aid agencies, It is vitally necessary to increase the number of profeazional staff
engaged at different levels of extension work: extenslon officers, agriculturists,
farm leaders, eto.,

In the light of this situation, and with the aim of assisting the Government
in promoting farm producticn and raising the living etandard of farmers, the Agrioultural
Training and Demonstration Cenire of Bobo~Dioulass¢ was created,

AIMS AND ACTIVITIES OF THE AGRICULTURAL
TRATRING AND DEMONSTRATION CENTRE

The agreement between the United Nationz Special Fund - F.A,0. and the
Government of Upper Volta for the establisbment of an Agricultural) Project Training
and Demonstration Project wam signed in February 1962, The Project became operatiomal
in April 1963. Training activities began in October 1963, and farm activities in
January 1964, The Project compriges three fields of activity which are mutuslly
interconnected within the framework of rural development: Tralning, Demonstration
and Pre = Extension multiplication.

EDUCATION AND TRATIRING
There are four categories of training activities in the Project:

1. AN AGRTICULTURAL COLLECEs For the trajning of Tural agents and extension
officers, to provide medium level professional personnel for the various Government
and bi-lateral aid organisations, research stations, etec,, students are admitted
for thres-year courses of theoretleal instruction and field work, with & fourth
year of probationary service out of College, at the end of which they attend three
monthe of supplementary courses, After successful final examinations students earn
the title of Agricultural Technician (Agent Technique). In 1966, enrolment rose

to 78 students. This im the only Agrioultural Institute in the country,

2, ACCELERATED BASIC TRAINING COURSES: Their purpose igio enable seleated

young farmers, with 5 to 3 yoars of mchooling, tc attend practical and theoredical
courges for a full cropping season in order to hecome xural monitors, Tralnses devote
50% of their time to field work., They.are divided into groups of five, each group
being allocated 2,5 hectares, a pair of oxen, and tcols, Trainees ocarry out a full
oropping programme designed for them. Work is done, on their own responsibllity, vnder
the guidance of the Preject's Specialists, In 1966, 50 trainees were admitied, After
completing the Course they are posted by the Rural Development Societies to undertake
extension work at village level.
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3. REFRESHER COURSES: Refresher courses are organised periodically during holidays
when sgricultural officers of different extension services attend courses and receive
up to date technical information of improved farming practices. So far, 400 agents
have participated, in groups of 20 - 25, for periods varying from two to eight weeks,

4e PRACTICAL TRAINING OF FARM LEADERS: Practical training of young married farmers
as farm-leaders is undertaken at the Centre, The training periocd lasts 8 ~ 9 months
and is carried out during the entire cropping season, Trainees live in typical
mud=brick hute, Each couple is allotted a field of twe hectares where they cultivate
different crops. They are introduced to crop rotation, use of fertilizers, tillage
systems, rational feeding ¢f live-stock and the use of drafi animals., These farmers
receive the full proceeds of thelr crops, after reimbursing the Centre for seed and
fertilizers, In exchange for food and housing the trainees undertake two days work
per week for the Centre, On returning to their villages, the trainees act as
agricultural promoters under the guidance of <the regiomal agricultural services,

40 farm leaders bave been trained during the past two years.

A MODEL VILLAGE OF FIFTEEN PROTOTYPE FAMILY FARMS
With the aim of finding suitable means for bringing about improvement in
farming methods and in the organisation of the family farm, a small wvillage of
fifteen families was eet up at the Centre, Three proictype family farms are being
investigated and demonstrated, with the following factors principally in minds
l, 8Size of farm unit feasible for each prototype.

2, Use of fertilizers, ratiocnal rotation, better land preparation with the
purpose of inoreaszing yields.

3+ Suitable proportion of cash crops to subsistence crops to be cultivated
in each prototype. :

4. Introduction of improved tillage methods and tools.

5. Suitable combinations of livesitock breeding and field cropping with the
object of developing mixed farming.

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

7. Study of investment requirements of each prototype.

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

9. Study of scocial adaptation to more modern farm conditions.

Cne of the easentizle in the plamning of these family farms was to determine
improved patterns applicable to each of the different climatic and ethnic regiocnms,
for the purpose of growing food and cropa, adequaie both in quantity and quality,

together with cash crops capable of multiplying the annual family incomes some three
to four times, i.e, from 20,000 - 30,000 francs to 80,000 - 100,000 francs,

Requirement of capital investment is being investigated and it seems plausidle
that a minimum of 125,000 francs ($500) is needed for the establishment of a medium-
gized family farm unit comprising of 5 hectares of cleared landj & mud=brick square
house consisting of two rooms and kitchen, with a corrugated aluminium roofy a pailr
of oxen; a heifer; tillage tocls; a carty a small shedy a mud-built granary and a
poultry house,
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It is foreseen that the develcpment of guch a farm to full productivity will
take three to four years: the first year to be devoted to oleaning of land,
construction of house and farm buildings, and oultivation of & fiell of two hectares.
In the second year the cultivated area ims increased to 3 - 3 1/2 hectaresj draft
animale, tillage tools, poultry and & heifer are introduced.

In the third year the cultivated area reaches the final stages of 5 heotaremss
fruit trees are planted: hay and silage are prepared: and the farm proceeds to
improved oultivation techniques and a rotation system. This is the first year that
higher yields will be expected. During the first three yoars prototype farmera are
individually guided and supervised, From the fourth year onvards farmers manage their
farms independently, guided by the ordinary extension service. In the fifih year
farmers begin paying their debte,

The atudy of the fifteen family prototype farms will be carried on for five
years, Technical and economic as well as social conolusiona drawan from this experiment
will serve as guidelines for the future planning anl establishment of advanced farms
and villages in the development regions,

* Btudents and trainees at the Project are benefiting by the prasence of the

model village at the Centre, enabling them to obmerve methods and practices which
will be applied by them in their future servioce.

Following is the programme of a prototype family farm proposed for the South -
Vestern and Central regions of Upper Vol - progressive stage:

I. FARN LATOUT

Area of farmland unit T+35 Heotares
Farmstead 0,10 "
Orchard and Vegetables 0.25 "
Annual Cropa 7,00 "

Variety of oropsi—

Serghum 1,00 Hectares
Cotton 1.00 n
Groundnute 1,00 n
Legumes and Various 0.5 "
Forage and Hay 1,50 "
Fallow 2,00 n

Annual working days of farmer, wife and children 460
11, CAPITAL INVESTMENT IN THE FARM UNIT (IN FRS, C.F.A

Conatruction materials for house and farm buildings: 20, 500
Subsistence allowance for family during firgt two yearst 25,000
2 Cxens 26,000
1 Heifer: 9,000
Equipment and Tillage tools: 21,500
1 Carts 15,000
Fruit treea: 4,500
15 Henss 4,500
Mipcellanecus: 54000

TOTAL 131,000 = $534
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III., ANNUAL FARM EXPENSES !INGLUDIHG REPAYMENT OF DERTS)

Seeds
Fertilizers

Innecticldes and Fungicides

Veterinary
State Taxes
Depreciatio
Intersst

medioines

n of Buildings and Egquipment

Repayment of Capital (over 10 years}  1/10
Kiscellaneous

TOTAL

56,610 Frs,

Iv. ANNUAL FARM TNCOME IN FRANCS C,F,A, PROGRESSIVE STAGE

CROP YIELD PER TOTAL PRODUC- RETURNS IN VALUE OF PRO- TOTAL CROSS

Hi. IN KGS. TION JN KGS. CASH DUCTS USED BY INCOME

: FAMILY :

COTTON 1 200 1 200 39,600 - 39,600

CROUNTNUTS 1 400 1 400 22,500 1 260 23,760

SORGHUM 1 600 1 600 - 9 800 9,800

LEGQUME AND VARTOUS 1 400 700 3,000 7 500 10,500
FRUIT AND

VEGETABLES 12 000 3 000 18,000 6 000 24,000

PER _HFAD

CATTLE MEAT 250 250 10,000 - 10,000

MIIK 200 200 - 5 000 5,000

EGGS (15 HENS) 100 1 500 10,000 5 000 15,000

MEAT 2 30 - 3 000 3,000

TOTAL 103,000 37,650 140,660

This farm scheme shows the possibility of tripling the nett annual farm income

ANNUAL GROSS PAERM INCOME .-to---oococ.oo.oo 140.650 FI‘S. G.F.A.
n n

ANNUAL FAMILY FETT INCOME seecavcscccanses

" mmsm [ A AN ERERENE LN ER) 56’610

84’050 Fra. CueFade

of a medium-sized family, composed of 5 = 6 persons, in the soil and climatic
conditions of the Southk and South-Western areasg of Upper Velta provided that:

1,

2,

The farmer and his family invest 460 working days on the farm during the

yeart

The farmer has available, on loan, about 130,000 to 150,000 Frs. at
3% interest for a pariod of 10 years:
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3, The farmer ie supervised and trained individually, at least during his
firat three years, by an appropriate professional servioce:

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

The achievements of the fifteen prototype famlly farms established two years
age are most encouraging.

PRE - EXTENSION AND MULTIPLICATION FARMS

4 pre-sxiension and multiplication farm was established at the Centre with the
aim of reproduction of meeds of the main Upper Velta orops: cotton, peanuts, corn,
sorghum, forage plants, frult nursery stocks, as well as selected cattle and poultry
breaeds, The centre obtalns the foundation stock and seeds from research and experimental
stations, Selected seeds and breeding stock are primarily intended for distribution to
farmers who have received training at the Centre,

Another purpose of this farm is to examine, on a larger scale, the qualities and
behaviour of new varieties and breed stocks cbtained from experimental asmall plots
at varicus researoh mtations,

69 Heotares of different varieties of ootton, peanuts, maise, sorghum and
fodder crops have been oultivated this season. A citrus grove, and a ocolleotion of
itropical frult trees comprising different varieties has been estabdlished, A wide
selection of vegeiables, and nurserysiocks of fruit iree¢s, intended for later
distribution, are grown, The animal husbandry section at the reproduction farm
consists ofs

1, 4 pouliry branch for the production of hatohing eggs, with 750 selected
laying and meat-iype birds, and a modern incubator:

2, A melected beef cattle herd of 75 head:
3+ A milk production cattle breed of 25 heads
4. 40 draft oxen, for the use of the trainees, and for demonstratiocn purposes.

The utilisation of tractors and modern tillage equipment on the multiplication
farm ie designed also ic investigate the feamibiliiy and the profitability of using
modern machinery under local cornditiona,

SUNMARY

The following operations have been carried out sinoce the beginning of the
Projects

250 heotares of land have been cleaned and ocontoured:

120 hectares of pasture land have been fenced:

7,800 square meters of residential and farm bBuildings have been built:

Irrigation (10 hectares) and drinking water systems have been installeds

A dam has been built for dry season water storage, and 3} Km, of water-main is

now being lald, using a trenohing-plough constructed by workers in our

own Workshopss

A model village of 15 fanmily units haa besan builts

A village comprising 20 huts for seasonal training of farm leaders has besn builti:
A power-house, with a total capacity of 200 KVA, and a general mechanical workshop
have been builts

A pystem of roadways and field-lanes has been built,
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The Project iz sponsored professionally end administratively Jointly by the
F,A,0, and the Upper Volta Government,

An international team of ¥,4,0, Experts in collaboration with 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 siaff,.

The Project is equally financed by the United Nations Special Fund and the
Upper Volta Government, and partially assisted by the State of Israel,

The various activities assooliated with the training of agrioultural officers,
rural monitors and farm leadera, combined witk demonstrations of improved farming
methods, given daily on the family farms in the model village, as, also, on the
multiplication farm, are among the mest important features of the Bobo-Diculasso
Projeot, dedicated to the improvement and development of agriculture in Upper Volta,
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LAND AND WATER USE SURVEY OF THE KORDOFAN PROVINCE {COMPLETED PROJECT)

KOTES ON ITEMS FROM THE RESULTS WEICH CFFER POSSIBILITIES
FOR APPLICATION TO OTHER PARTS OF THEE AFRICAN SAVANNA

M.G. Ionides
Former Project Manager
Kordofan Land and Water Survey
El Obeid, Sudan

INTRODUCTION

These notes presume that the reader already has a general knowledge of what
the Eordofan reglon is like, what the Projeot was about, and its gensral results.
The notes are sirictly confined to outstanding items which (a) appear to break new
ground in terms of technology or methodology, and/or aprear to have some special
features whioch could be useful for application in other regicms.

CATCHMENT TANKS

How the Catchment Tank worka

Rainwater is collected on an artificial catchment apron and then rTune inte
a covered-in water—tight tank where it is kept in atore till it is needed. Sizea
vary from & 'family'! tank of a few thousand gallons (five or ten cubic metres or
more) to a few tens of thousands of gallons (a hundred cubic metres or two, or mors)
which is suitable for a village unit or a stock unit. The total capacity required
in a given place is obtained by instzlling a number of units, sach of the appropriata
unit size.

Canstructional techniques

1. Certain particular designs and specificatlions were developed, through the
Eordofan Project, to suit local conditions. T™ese suffice to prove that the catch-
pent tank sclution jis practlicable, at acceptable cost, In other regiona, the
"Eordofan types" may easily be unsuitable and some quite different specifications will
need to be evolved. [Even for Kordofan, improvements can bae expected and should be
sought. It is essentizl to realise that any type-design which is to make the
fullest possible use of the local skills and other resocurces, must of necessity }
be specifically designed for the purpose. The particular designs and constructional
techniques which are demonsirated through the Eordofan Froject ares offered only am
exaxples to show that the principle can be realised and not as patterns to be

adopted elsewhera,
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Fundamental points of Hydrologioal Desimm

2. Catchment tank aprons have areas ranging froem a few tens of square metres
to a few thousands. Total capacity, as required, is obtained by multiplicatiom of
units.

Since ths catchment aprons are very small, run-off percentages are very
high because the rainwater only runs cn the surface for a few seconds before it is
in the tank, ‘

Consequently, for purposes of hydrological design, the catchmeant apron can
be treated virtually as if it were a rain-gauge, with an efficiency-ratioc applied
arithmetically to the rainfall records,

This meana that the varlability of yield, probabilities of extremes, eto.
can be deduced directly from the rainfall recorda.

In turn, this means that wherever there are sufflcient rainfall records
for statistical interpclation and extrapolaticm, the hydrological features of
catchment tanks can be calculated without further hydrolegical studies, i.e. without
delay. The run-off ratio needs to be established by direct trials, but as the
units are small these irials are easy and cheap. In cases of great urgency, a very
liberal 'factor of ignorance' oan be substituted for direct data, in the initial
stages of a conatruction program, until experimental data are available,

3. As regards the guestion of the overall adequacy of the rainfall, the
following considerations cover moat of the practical applications. Wharever
oatchment tanke are needed it is bhecause people want to live there. Almcat always
they want to live there in order to grow creps or graze animala, and they can only do
this if there iB encugh rain. And whenever there is enough rain for oreps and
pastures there is emough for catchment tanks,

METHODOLOQY OF LAND USE PLANNING -~ A RADICAL ADVANCE

4. In any region where the practicabilitiy of catchment fanks haas been esiablished,
it follows that the land use planners can have water wherever they want i%, and in
any quantity they may wlsh to specify, nelther more nor less. This introduces some
radicel advances in the methodology of land use planning.

Be For example, suppose the land use plammers wish to make policies and plans
for developing & certain reglon which has been delineated on the map. Suppose

they have to make plans for upgrading the existing water supplies in all the existing
agricultural villages, and also meke plans for establishing new agricultural settile—
ments all over the 'empty' areas where the land is at present unused for lack of
drinking water. Since the praoticability of catchment tanks bhas beem established,
they can make their plans on the basis of best land use, socio-economics and similar
faotors, and without having to worry about the water supply because they know that
the catchment tanks can always provide a solution if no other way ia preferable.

6o When the land use planners bave specified where they want water, and how much
they must have, the water engineers come on the sceme., They make normal surveys to
Bee what Bources are available (froum smuxrface waters, or groundwaters, or by piping
from afar) and then they decide which is thebest to choose, with catchment tanks

as the cexrtain standhby.
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T- The catchment tank solution alsc makea it possible to eatimate comtem in the
land planning stage, i.e., before the actual localities have been chosen and before
the water engineers have done their surveys and investigations on the spot. The
reascn for this is that since (ex hypothesis) the catchment tank solution has been
established &8 being practicable, its costm can be predicted within the usual limits
for planning budgets, and thia cost represents the highesat cost for the water required
The subsequent surveys and investigations may reveal cheaper sources, such as
copias borehols suppliez; but whatever haprens the catchment tanke can always
provide the necessary Bources. In this sense, the catchment tank 18 a catalytic
agent. Catchment tanks might even be used, on paper, for plamning, without ever
being built at all, if preferable sources were revealed by the poat-planning survey.

The radical -~ indeed, revolutionary - change is that with the catchment tank,
land use planning as a whole can precede investigations for water, whereas tha
present practice requires that the mearch for water must precede the planning.

8. A subsidiary but most important consequence arises when catchment tanks can

be pade cheaply enough to warrant their use for watering herds o¢f livestock in the
grazing grounds, In such cases, the supply of water can be adjuasted, precisely, to
the estimated carrying capacity which a given water-source can properly serve, The
reason wky thlis can be done ia as follows. Provided the catchmemt apron is designed
so that 1t will f£ill the tank on the minimum expaected annual rainfall, the tank will
always be filled up, except of course for the very exceptional low year which can
never be provided for by any practical system, When the tank has been filled up,

it can hold no more. Any additional water will pond wup and evaporste very sconm,

It follows that apart from the very exceptional low year, the annual amount of

water made available by a catchment tank so designed will be exactly its comstruction-
&l capacity, minus the appropriate allowance for losses,

This desigp-basis 13 of course optional, It may often -~ or ususlly - %e |
preferable to design tank capacity to fit the average run-off, sc that the benefit |
of the ysars of good rainfall is nct lest,

S0IL MOISTURE CONTROL BY MOISTURE TRAP AND NICRO-IRRIGATION

These items relate 4o one particular aspect of the peasant land use, i.e. the
production of fresh vegetables and fruits by the individual peasant, for his owm
family consumption, in a small household garden naxrt to his home, with an area of a
fow hundred aquare metres, The techniques may be capable of wider and bigger
application, but that is another matter,

Scil Molsture Trap

9. This device gave succeesful results, with limited {rials. TFurther experiments
and development are needed, btut the actual results show that the potentizlitiea are
substantial.

The '4{rap' consiets of a sheet of plastic which is perforated, lajid over
the plot of soil in the household garden, and covered over with a couple of inchea
of sand or fine gravel. T™e rainfall quickly saturates the maiterial above the
plastic sheet and the excess water then flows, under gravity, through the perfora-
tions and into the soil beneath. When the rain stops and high evaporation begins,
the superficial soil or sand driea out quickly and then forms a protective muleh,
becaues the rate of capillary flow upwards through the perforation holes cannot keep
pace with the rate of evaporatiom from the whole surface which is exposed to the sun
and a.i.'l‘-

10, Since the membtrane is buried it is protected from the damaging effect of the
smlight, and the wind, and other causes of damage., 'Therefore it can be very thin
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indeed, and consequently very cheap; far cheaper than a black polythene sheset laid
on the surfacs,

This soil meoisturs trap can be umsed in several ways. First, it can help
with vegetables during the rainy season itself, by dridging the gap between falls
of rain, Second, it can be used to charge up the 80il moiature under the membrane
during the mass of the rains, and then grow vegetables intc the dry season., Third,
a vegetable plot of, say, a couple of hundred square meirea can be kept bare through
a whole rainy season, storing the irapped soil moisture so as to augment the next
rainy season's supply., Fourth, the trap can be used in conjunction with deep-
rooting plants such as trees for frulis, or deep=rooting fodder plants. In this
case, the soll immediately under the plastic membrane dcea not iteelf carry any
plants, but is kept bare so the trapped water percclates down to the lower strata
where the plant has the bulk of its roots.

All the foregoing applications can be augmented by having & bare catchment
apron adjoining the garden plot, s0 that the plot geis its owm direct reinfall, plus
the run-off from the adjacent apron. The vegetable plot is surrounded by a little
earth ridge to keep the water ponded.

Micro-irrigaticn

11, The euxiliary catchment apran, used in the way described above, augments
the supply of water to the vegetable plot or fruit trees, but does not distribute
it chronologically. When it rains, the plants get an extra suprply, but when there
is a drought the catchment apron is no help.

A catchment tank can be interpcsed, however, between the apron and the plot,
8o that the run—off is stored in the tank and can be used for irrigatiocn, during the
drought, when the plants need it.

12, Used in this way, a catchment tank will be filled and emptied for irrigatiom
several timea during the rainy season because ita functiom is to £ill in the gaps

in the rainfall, It can also be used, however, to sustain deep-rooting plants,

such as frult trees, during the dxy season., Durlng this seascn they draw on

the moil moiature which has percolated dowm to the lower soil zones during the rains,
and the addition of a comparatively emall amount of irrigation water makes a differences
out of proportion to the quantity.

13. It the cost of irrigation water from the catchment tanks is Jjudged by
standarda of cost derived from conventional systems it may appear high., But what
natters is actually tranapired by the useful vegetation, i.e, the crop of vegetablea
or the fruit trees. When the oultivated plot is very small, and the value of the
orop is very high, and the individual man can water each individual plant from a tin
by hand, the efficliency is very high indeed. In fact, with a fruit troe carefully
watered two or three times a wesk with a petrol tin, the £ficiency can easily
approach 100%, 1.e, nearly 100% of the water given is transpired by the tree,.

USE OF NASSIVE SUPPLIES FRCM RESERVOIRS

The Rahad Lake Projéct offers the only opportunity, in the Project Arez, for
massive reservoir supplies. At the first stage of development it could provide an
agsured quantity of 17 million cubic metres per annum.

14. The proposal is that this water should be 2pread as widely &8 poaszible over
the region it can command, to provide drinking water (primarily) for man and beast, and
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aleo to provide soms pockets of willage-based irrigation to produce fresh vegeiables
for purely local = or at leaat regional - consumpiion, By this method, the exist-
ing rural economy. will be fortified throughout, because the eristing land ume 1is
far less efficient than it could be if there were plentiful drinking water, well
spread, with an improved diet augmented with fresh vegetables and fruits. In
consequence, the water disiributed has an economic benefit which is out of propor-
tion 4o its amount; 1t provides, so to speak, & key or a lever.

Tois method, and the principles underlying it , may have applications else~
where in the savanna belt, as an alternative to the more usual policy of using the
water from the new reservoiras for irrigating & concentrated area as near ag posaible
to the danm,

CONCLGSIONS

¥ W T™e Eordofan Project has revealed smeveral specific items which break new
ground in technology or methodolegy. Theme are:-

51) Catchment Tank technology.
13) Consequent radical advance in methodology of planning
land use.

Eiii) Soil Moisturs Trap.
iv) Micro-irrigation by Catchmant Tank,

B. Tere appear to be substantial possibilitica of application of theose ltens
in the other parts of the Savanna Belt in Africa, and probably elsewhers.

C. The following actiicn would serve to establish the extent of such other
applicationa, i.e.

(1) A raconnaissance in thess other regions, followed byi=

(11) A program of praciical trials in those regions where the
reconnaissance has given positive results,

COCLUDING REMINDERS

Thase notes are not intended to give a balanced summary of the results of
the Kordofan Project in general. They are concerned sclely with items which
appear to break mew gound technologically or methodologically, and which offer
opportunities for application elsewhere, in other parts.of the savanna belt. The
particular designa for the catchment tanks which have been developed through the
project are demonstrated as proof, in principle, that the catchment tank sclution
is practicable at acceptable cost. There are many different methods of building
catchment tanks and the actual choice in any given case depends upon the actual
circumstances.
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SOILS AND LAND FORMS IN THE SAVANNA BELT OF AFRICA

Glenn H., Robinson
Project Manager
Strengthening of the S¢il Survey Division of the
Ministry of Agriculture, Wad Medani, Sudan

The Savanna Belt of Africa yefers to an area roughly betweem 10° and 18°
latitude but extending southward into parte of Efhiopia, Scmalia, Eenys and
Tanzania. This area is characterized by a relatively dry type of vegelation oconsist-
ing primarily of grasses with some low growing trees., Rainfall averages between
200 and 1,000 mm per year tut there is a relatively long dry periocd. Climate
is probably the most important single factor influencing the solls and vegetation.

The soll parent materisls of the area range from marine deposits, river
alluvial deposits (from basic, aoidic and mixed materials) aesolian sande and silts,
colluvial deposits, volcanic esh, and residuum from several kinds of reck including
basalt, gneisses, schists, granites, and sandstone, From these parent materials
Entisols (on the younger depoasits), Vertisols (en the clayplains), Inceptisols,
Aridisols, Alfisols, Ultisols and Oxisole are most extensive, More humid olimates
.in the past seem to have influenced the formaticn of some of the present scils,

Under present conditions the most active soil forming processes are mechanical
weathering and chemical alterations (mostly palinization) which are influencing
the Vertisols, and Aridisols, Soil forming alterations of the Ultisols and Oxisols

are probably very slow,

Plants ooour in patches or are scattered, thus much of the =oil is exposed
to the wind and sun, It is therefore very susceptible toc water ercsiom during the
rainy season and wind ercsion during the dry periods. Long dry periocds are the rule,
yot plants in the depressions may suffer during the rains from excess water. There-
fore, so0il management and utilization must cope with these as well as other condi-

tions,

T™e following is an attempt to present a gensral evaluatiwm of the soil
resources of the Savanna Pelt and to discuss some of the problems of agricultural
development and soll management, Most of the comments are based upon observatioms
in Sudan and Tanzania plus a review of literature concerning other parts of the

Savanna.

Kinds of Soilas

It is usually not posaible to meke specifie agricultural recommendations for
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goils based upon the higher categorles of classification = for axample: Entisols or
Oxisolm. However, soll in each of these categories or orders have ppecifio charac-
teristics which affect use and management, Those kindes of orders of solls occuring
moat extensively in the Savanna Belt are listed in the introduction. These kinde
of soile are the result of the total effect of soil forming processea acting on the
parent materizla available at a given place,

By way of review, the soil forming factors are climate and the vegetation,
acting on parent materials as conditioned by relief over periods of time. It is
noted that representatives of at least meven of the ten Orders of soils as described
in the Tth Approximation occur in the area,* These are briefly described below:

4, Entisols are primarily young or weakly developed moils lacking definite
horizons other than an A horizeon, They include very recent alluvium
or in some instances quartz sands that have been in place for many
thousands of years. Thus the Entisols of the Savanna Belt may include
many of the soils formerly classified as Alluvial soilas, Regoscla,
Lithosols and ILow-Bumic QGley solls, Many of the Alluvial sciles ocour
on nearly level slopes of the flocod plain or colluvial deposits. They
are relatively limited in extemt but very important to agricultural
production, The Entisols formerly classed ss Hegosols and Lithosolm may
be nearly level to very steep, - They are used primarily for forest or
grazing; but the units ocowrring on favourable slopes and having medium
to fine textures are moderately fertile and productive.

B, Vertlieols include the cracking clays sc common in the Jezira area of the
Sudan and paxrte of the Pangani Valley of Tanzania. They are character—
Azed by fine textures - more than 35% clay of the expanding lattice -
type (2:1). These soils usually have more than 30 milliequivalents
exchange capacity, form wide cracka when dry, have slickensides and
gllgai and usually self mulching surfaces, They may form on Alluvial
materiale aa well as residuum on nearby level to steeply sloping positicms,
Parent materials are usually derived from basic rocks such as basalt and
limestonea. The vegetation is normally grass or herbaceous annuals with
some drought~tolerant woody planta, Fermeability im slow to very
glow except into the cracks but fertility levels are usually high. The
Vertiscla are extensive and with good management, including irrigatian,
good yields are often cbtained, TUnirrigated areas are largely used for
grazing.

¢, Inceptiscls of the Savanna Belt include those solls developed cn
relatively young surfaces without exireme weathering, Such soils were
formerly classified as Humic (ley, Iow-Bumic-Gley, Lithosols,
Regosols and Brown Forest soils. Inceptisols lack developed textural
horizons, are often permeable but may have a high water table. They
are limited in sxtent and may occur in depressions as well as in colluvial
positions or gently rolling uplands. Fertility and water holding
capacity is dependent upon kind of parent material and texture.

D, Aridiscls include soils formerly classed as Deasert Scile, Red Desert
Soils, Sierozoms, Reddish-Brown s0ils and Sclonchak. Most of these
80ils are calcareous throughout and have a calcie, gypsic or salic
horizon and conductivity greater than 1 millimhos per cm. at some depth.
Only a few examples have heen cobserved in the Sudan btut they may be

* Based upon Soil Map of Afrioa - Publication No,93 1944
Commission for Technical Co-operation in Africa.
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axiensive in other countriea, The &areas observed cocur on gentle
slopens, are permeable, moderately fertile and moderately productive
when water is available.

E. Ultisocls are found most extensively on residuum from granitlo or gneissio
rocks, They include soils formerly called Red Tellow Podsols and
some Reddish brown Lateritic soils. Ulitlacla are very limited in
axtant and c¢ocur primarily in areas of higher rainfall, 'They are very
susceptible to erceion, bave a relatively low fertility, tut respond well
to additions of fertilizera and anima) manures.

F, Oxisols are usually red in colour, occupy old land surfaces, are very
highly weathered, have low fertility and are usually very permeable.
Many Oximsols cantain plinthit and some have a high water table. Nost
Oxisole cn the Savarma wers formerly olassed as Latosols, Uround Water
Laterites or Ferrugincus troplosl soils. They are used primarily
for foreat or tree crops, Within the Savamma Belt most of the Oxisols
are relios of an older soil weathering cyoles tut important areas
(Latosols) do ococur overlying granitic parsnt materials.

dgricultural Development

The developrent of an ares for agriculture will be influenced by the pecple,
their needs, available scil and water plua certain other factors such as markets,
schools, health and oultural facilities and transportation. This discussion,
however, is limited largely to the utilizaticm of the soils, Thus ths major
pointe for consideration are:

1. Choica of moil. ‘

2. ¥ost sfficient use of available water.

3. Maintenance of scil fertility and productiviiy.
4. Cholce of crops and methods of cultivation.

Moet of these points are inter-related.

Often & cultivator hae to utilize the zvailable soil with only a limited local
choloe. If this is trus them the oultivator can be helped most by advice upem
means of improving his scil, introduction of better adopied varieties of crops or new
oropa, ard help in increasing yields by better methods of cultivatiom a.nd/or use of
fortilizera. TVWhen a choice of soile is available the cultivator should be assisted
in ohoosing the best availadle land for the orops %o be produced.

Within the Savamna Belt, relief and physiographio position are very lmporiant
for soil utilization. They determine the land form and ‘thus influence the intenalty
and type of cultivation that can he applied to a given field, Thaey also affect to
a large extent the water regime. :

For rainfed oultivation, preference should be given to the use of those solls
which have permeable surface and a high capacity for holding avallable water., Such
soils ares usually deep, have a medium textured surface, and medium to moderately
fine taxrtured subscil, Roots should be able to penstrate freely. The mame
oonditions would be idsal for irrigated areas. Howsver, fine textured soils that
are permeables, either by oracking or natural structure, can be utilized for both,
rainfed and irrigation systems.

Water can be encouraged to anter the scil by wme or more of the following
methoda. e method used depsnds upun the sloye, physiographio position and
nature of rainfall.
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a. Level tarraces can be constructed 4o hold water on the soil, thus
facilitating maximum penetration. This procedure must be used with
vare to prevent possible damage by erosion. I excess water is
collected and breaks over the terrace it may cause aerious loss of moil,

b Water spreading devices are especially beneficial in introducing the
available water to am much of the area as possible so that it can mors
uniformally penetrate into the acil rather than flow in a chamnel. Tis
is used suomasfully in places like ths CGash Delta of Sudan. Water is
taken from the channels and spread over a givem field.

c., Water retarding structures may be used to slow watsr in strean channels
80 that more can penetrate into the substratum. This procedure is
gommonly used to rechargs the groundwater supply so that more water is
available for wellse.

The available water in the soil should be used for those orops having a low
water requirement relative to preduction, In additiom, cultivation should be in
such a manner that evaporation is reduced and weeds controlled.

In genaral, a field capable of high yields uses the water more efficiently
than one capable of only low yields., ‘Those soils which are fertile or will respond
well to additions of plant nutrients should be given priority in water distribution.
For example, moat of the Oxisols should be avoided for cultivation if possidble,
because of low fertility and relative low response ito added plant nutrients.

Again in irrigated arezs one has a wider choice of possibilitiea, Mors
effort can be expended on cultivation and on application of fertilizers, Soils
having high salinity or alkalinity should be avoided. However, if sufficient
water 1s available at a givem location, reclamation of saline or alkaline asoils may
be possible. It may be of interest that, in the Gezira, evidenos indicatea that
Exchangeable Sodium percentage of up to 35 is not a serious limiting factor to
Jields of cotton, dura or groundnuts en the cracking olays., Further research
is needed to determine the limiting factors on thess kinds of soilas.

The choloce of oropa showld be auch that the maximum needs of the community
are best satlafied - food, fibre, cash erop or export crop. This, of course, must
be within ithe feasibility of available water. Variety aslection or plant dreeding
may help in providing those crops which are most efficient in water utilization,

Certain kinde of scils lend thomsdves to extensive mechanized types of culti-
vation. 'The clay plains are diffioult o cultivate by hand and yet good yields
can be expected. These arsas are best suited to mechanized systeme especially
if the scils ococur in large snough areas to juatify the investment, Medium
textured soile, sandy loams to silt loams, can be hand cultivated so that smaller size
unitas can be managed. Clay soils, especially the non~cracking olays, must be
oultivated within a rather narrow range of moleturs conditions to prevent damage
to soil structurs.

- In conclusion, the soils of the Savanna area should be identified, clasaified
and mapped; the variocus kinds of aoil then grouped intc units of Land Buitability
based upon such factors as texrture, structure, slope, erosicm, fertility, depth,
permeability, salinity and/or alkalinity and expected response to management.
Yields may be predicted based upcn evaluatioms of available yield data from experi-
mental plots or farmer records by kinds of scils and known inpuis of managemant.
Kaps showing the areas of suitable soils can then be used for planning development,
taking into consideration the local social conditions, markets, communications eto.
Considerable data is available in the Savanna Belt but much more data is nesded
in order to make accurate predictions.
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CLIMATCLOGY

J, Cochemé
Meteorslogist
Plant Production and Protection Division
FAO Headquarters, Rome

INTRODUCTION

Climate, the predominant part of the physical environment, requires detalled con-
sideration whenever assessments of the natural resources of en area are made with a
view to estimating its sgricultural productivity potentisls, Climate may simply be
defined as accurmulated weatber, There is much repetition in the weather. Repetition
in the weather of days following sach other and repetition in the weather coocurring
st the same seasons, year after year. Climate analysis defines these repetitiona and
st the same time serves to show up and measure aignificant departures from normal con-
ditions.

Climatology, in the first place, works ocut averages of the relevant meteorological
elements over various periods of time for places or for regions with some uniformity
of climzte., Variations in time can then be estimated. Some are repeated at a regular
rhythms the most important being those which ococur during the 24 hours of a day and
during the course of a year. Those periocds, which have the same oclimate, like consecu-
tive years or months at the same time of the year, nevertheless show some differences
from each other. The study of the nature and extent of this interannual variability .
ig an essential part of slimatology without which mere averages would bs an oversimplifi-
cation,

Dascriptive Climatology studlies the repetition, seascnsal change and varisgbility of
the various meteorological elements, and their surface distribution. It need not, how-
evar, begin with a mere reading of thermometers and rain gauges. A more comprehensive
understanding may be obtained if an examination of the mechanisms of the genersal circu-
lation of the atmosphere is included in the study. This climatology is called dynamio
or gynoptic,
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Fig 1. Diagram of general circulation over the eguator and tropice at ths solstices.
The curved Ilne reprasents the horiron, with the surface of the earth to the left
and a vertical crosg section of the atmosphera to the right. The arrows represent
alr movements In the vertical, and the broken arrows the ITrade winds converging
towards the equator. IThe letters H represent the centres of anticyclonic cells

with conceniric isobars surrounding them. IThe line marked E is the egquator on

which intertropical convergence rain can be fmagined to fall. IThe hatched area
iz that of the FAQ/UNESCO/KHO Survaey.
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DYNAMIC CLIMATOLOGY OF THE AREA

The atmospheric circulation features which condition the climate of the savanna
belt of the northern hemisphere in Africa will be discussed briefly. They are illus-
trated diagrammatically at Fig l. The air movements involved have 1o be viewed in
three dimensionz ¢ two along the surface and ore in the wvertical.

At some distance north of the Equator there is a zone where the air generslly
moves downwards, becoming relatively hot and dry in consequence, At the surface this
subsidence corresponds to a zone of relatively high pressure. If is in this high pres-
sure belt that the great continental deserts are found. There is one such zone on el-
ther side of the Egquator. Air tends to flow outwards from these high pressure areas
and, because of the rotation of the earth, it moves in a apiral round the anticyclonioc
cells, olockwise in the northern hemisphers. This results in easterly winds, the Trade
winds, found on both sides of the Bquator, and 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 position of these two zones relative to the ground ocontrols the seascnal
weather of the savanna belt. They both move northwards in summer, substituling moist
winds of southerly origin and rain for the dry harmattan winds originating from the nor-
thern anticyclones., The duration of these summer rains, often called the monseon,
varies with the geographical position : the furiher north the place the shorter the
monsoon. The most northerly displacement and the most abundant raine cccur in August.
There seens to be a time lag of about six weeks betwesn 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-
treme temperatures and less dryness of the air in which most crops fare betier.

AGROCLIMATOLOGY

Climatology becomes more speciamlised as the use to be made of it becomes more nar-
rowly defined. Here we are clearly interesied in agroclimatology within which again
there is further specialisation and subdivision.

In the first place consideration is given to what may he 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 so0il and air in close vicinity to the crops, and
in various locatlons involving considerations of micro-climatologye.

On a broader scale it is important to assess those factors which 1limit the growing
seasond, Mainly, these factors are growth-inhibiting temperatures and availability of
water, Even though crops like coiton may have a vegetative zero as high as 15°C, growW—
ing seazons are unlikely to be limited by low temperatures in the savanna belt except
on high ground. ©On the other hand, temperatures prchibiting growth or development
becauss they are too high may occur in the area, but are far more unlikely during the
monsoon, High night temperatures may be a more commonly cccurring adverse factor,.

Availability of water is the paramount limiting facter in the savanna belt, To
a33ess it we must first consider the characteristics of the rainfall regime. Later
rainfall will be balanced against maximam possible loss of water by evaporation from
the plants as well as from the soil.
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RATNFALL

No less than .30 yearas' observations should be available to work out rainfall ave-
rages. With periods of lesa than half a month averages are upset by the occurrence of
occasional bheavy falls, To absorb them, series longer than 30 years, which are rare,
are needed, and the labour involved in the calculations is seldom warranted., Graphical
interpolation from the menthly means is more likely to give reliable results.

Eatimates of the varisbility of yearly amounts lead to working the probability of
cbtaining given amounts in the future. Thia problem can be approached in two ways :

Empirically, the yearly smounts are arrsyed in order of magnitude and separated into
groups (say five groups of six values in the case of 30 year series), and the inter—

mediate values between the groups, known as quentiles (quintiles when there are five
groups), give the amounts likely to be equalled or exceeded 4, 3, 2 and 1 year out of
five, if past records are thus projected straight on to ths future.

Theoretically, the data may be looked upon as a sample of an infinitely large series
which can be fitted to a mathematical function, and will then yield probabilities of
occurrence with as much detail as may be required.

The simplest and most commonly used function is the normal distribution of which
the parameters are ths mean end the standard deviation. The standard deviation is a
measure of the variation and, divided by the mean, it yields a coefficient of variabi-
lity which allows comparison between places with different mean rainfasll. The mean
plus and the mean minus one standard deviation include a range of values cccurring two
yoars out of three. .

In the center of the African Savanna belt and with mean annual reinfall between
500 and 1000 mm the standard deviation is about cne fifth of the mean, a coefficient
of variability of 0.2. Thus, if the mean annual rainfall is 500 mm, between 400 and
600 mm will probably occur two years out of three. ZEstimates of the normal distribu-
tion parameters of a 30 year sample can also be worked out graphically with sufficient
accuracy, thus aveiding lengthy calculation of the standard deviation. The normal dis-
tribution will fit about 75% of the annual data series, and a disregard of one extreme
value will increase this percentage by 10%. The lozarithms of the values may be fitted
to a normal distribution when the values themselves cannoct, espscially when there are
some null returns. With such truncated series, if an electronic computer is available,
an incomplate gamma function is appropriate end is at the moment employed by the US
Weather Bureau. It is thought that for periods of less than ona ysar, the empirical
method of obtaining probabilities is sufficient to meet most needs.

Intensity, or the rate at which rain falls, also requires study. The amount of rain
falling in 24 hours may be looked upon as an intemsity. In the central and western
portions of the savanna helt the average is 14 mm per day of rain, and seems fairly
independent of mean annual rainfall. On the other hand the maximum amount likely to
fall in a day, say, once a year, is related positively with mean annual rainfall., In
the same area as above, where the rain is most regular, 50 mm in a day once a yesar cor-
responds to 500 mm mean annual rainfall and 60 mm corresponds to 800 mm. Intensity
duration analysis deala with even shorter intervals using data obtained from autographic
rain gauges. The ghorter the interval the higher the maximum intensity. For perieds
of a few minutes rates of more than 100 mm per hour are not uncommon.

These studies are on the horder line between agroclimatology and hydrometeorology.
Spatial variability is ancther imporitant characteristie of rainfall, On a daily

basis the amount of rain falling on places only a few kilometres apart may be gquite
different. Detailed biological observations at a station should not therefore be come
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pared with daily falls at a metecrological station nearby. On a geographiecsl scale it
does not seem that dry or wet years ocour simultansously along the whole of the savamna
belt. Thizs 1s of interest from the point of view of the occurrence of widespread
famine,

The times of the dey at which rain falls varies from station to stetion in West
Africa, showing that rain formation is not simply due to diurnal heating, Distance
from source areas of disturbance lines has been suggested as a2 probable cause of this
disparity.

EVAPOTRANSFIRATION

Toe assess availabllity of water mere consideration of the rainfall regime is not
sufficient., As glready indicated, rainfall must be halanced sagalnst potential evapo-
transpiration, This quantity which may be defined as the maximum smount of water which
can be evaporated from a surface covered by olose cropped vegetation eniirely covering
it, may be estimated directly with the use of special instrumenis like lysometers or
evapotranspirometers or deduced from evaporating pan data.

At the moment, however, ithe safest way to obtein reliable results, which can be
conpared with similar values from other parts of the world, is to calculate from meteor—
ological data, Penman formula is the most widely used and the most theoretically "
sound, It estimates the net ensrgy available to evaporate water, and also the svapaeting
PO W& rof the air advected by the wind, weighing these two values in terms of
temperature ,

However, in a hot and dry olimate, such as that of the savanna belt before the
rains, the values obtained are high, as much as 8 mm a day, corresponding to much higher
instantaneous rates in the middle of the day. This may be looked upon as a demand for
water from the atmospheric envircnment which the plant may not be able to meet, and
which, in oconsegquence, wlll csuse temporery wilting, even if there is plenty of water
mede availeble to the rcota, This is important in terms of irrigation, which may pro-
vide water, but not the milder conditions of alr temperature and humldity of the sutmer
raing. The excesslve heat and dryness of the air may be mitigatad to some extent by
the use of shelfer belts, sprinkling etc.

AVAILABILITY OF WATER PERIODS

For the comparison of mean evapotranspiration estimates with rainfall the most
convenient and reliable values to use are monthly means in view of what has been asld
about the unreliability of rainfall averages for shorter periods, On an annual basis
evapotranspiration is about four times more variable than rairfall in West Africa.
Oraphioally, the monthly histograms may be smoothed inte ccntinuous lines to

obtein estimates to the nearest day as shown in Fig 2.

The most mignificant climatic events in this comparison teke place when rainfall’
begins to exceed and stops exceeding evapotiranspiration. These iwo dates delimit a
peric® ecalled humid when water surplus occurs, since all the rain cannot be evaporated.
An allowance of, say, 100 mm, may be made for charging and storage in the ground up to
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 rains.
These points delimit a pericd, here called moist, whiech corresponds quite 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 molst season agrees well with traditional sowlng times, except
- perhaps with sarly millet when the hardiness of the seedlings and the low weight
" and consequently relatively low cost of the seeds makes pre-sowing worth the risk in
the north of the Area where the rains are very short. The period extending from the
first rains to the beginning of the humid season, here called preparatory, varies
markedly in length in the regions of West Africa, being about 20 days in West Senegal
and more than 50, well inland, for the same mean annual rainfall, say 600 mm. The two |
intermediate periods, on the other hand, before and after the humid period are, on the |
‘average, fairly constant in length. The humid period varises from O in the north to 150 |
days or more, depending on where the savanna belt is deemed to end. It was found that
mean snnual rainfall divided by the length of the moist period with ground reserve
yields & 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 positlons of flowering and the humid pericd are important for maximum
productivity., With cereals, the best tims for the terminal inflorescence to bloom is
shortly before the end of the humid period. With sxial flowering, as in cotion and
peanuts, the useful flowering, which cerresponds to the fruits which are gathered,
should for best yield occur during the humid perloed. On the cother hand, during the
final ripening of the cereal grains or the opening of the cotton bells, humid conditions
reduce  productivity, mainly because they encourage parasitic action. Staple crops
like sorghum and groundmuts have a multitude of ecotypes adapted to different lengths
of availability of water periods. In practice it is found that the varieties tradition-
ally grown in a given arsa are adapied by their lengih of cycle and dates of flowering
to the local avallebility of water., Furthermore. sowings are mixed to ward against,
interannual variability in the duration of the period. (Example at Fig 3).

RADIATION

Solar radiation is the primary input of energy which mskes dry matter production
by plents possible by providing heat and light, Global radiation, which gives a mea-
sure of the light available for photegynthesis, cen be measured fairly accurately with
simple instruments like bimetallic actinogrephs or evaporating integrators. At the
moment the places from which relishle series of such measurements are obtainable are
regrettably very few, If sunshine records are available global radiation can be
assessed. Potential photosynthesis may be derived from glebal radiation.

Dry matter production is largely conditioned by the relative value of daylight
temperatures, night temperatures and global radiation. The ratio of global radiaticn
to daily mean temperatures is appreciably lower in the savanna belt than in North West
Eurcpe, - This might imply that in certain conditions shortage of light as well as high
night temperatures limit productivity.

SCOPE _AND SCALES OF CLIMATOLOGY

At the very beginning of the approach to a problem a world wide system of climato-
logy, of the kind uszed for teaching geography, may be useful to experts without any
previous knowledge of the region. However, because of the area involved (they often
deal with the whole globe) such systems are much too coarse to be of direct help in
formulating the agricultural policy of a country of which it is proposed to increase the
preductivity. As the probvlens are narrowed down and defined the climatology needed
becomes more specialised. The factors which matter must be singled out and analysed
in detail. For each problem & new system of classification is necessary.

Climatic elements distributed over an area are in fact continuous variables., I%
is for the sake of convenience and because of the limitations of the human memory ihat
these variables are subdivided into classes, The class limits, say svery 200 mm of
rain, have in them=zelves no special merit and different limits may be needed for _
different problems, Fortunately it is now possitle to store electronically the observed



-124-

values of céntinuous fariablas without any need to 3plit them into classes. For each
need, new clasaes may be necessary and can be drawn from the store without difficulty.

The aim of applied agroclimatology is not to force case studies into the classes
of a system, distorting the problem, if necessary, in order to do a0, but to build
climatic working models approximating as closely as possible the range of conditions
which & particular crop is lilkely to meet in a given locality, and comparing it with
what 1s known about the climatic needs and tolerances of the crop,

Thus, in problem of water avallability, a theoretical model of the average atmos-
pheric climate based on observed aversges will first be evolved. Then the variabillity
of this model is investigated. Next in the context of given crops, and soils, of known
rhysical characteristies for storage and retention of water, typical sequences of rain-
fall smounts are postulated, and corresponding amounts of water made available to the
roots deduced, bearing in mind corresponding values of maximum possible aevaporation.

: Finally it is realised that the development of plant breeding, the increased
availability of fertilisers, climate control, in faot a general rise in the cultivation
techniques, will increasingly mitigate the adverse effect of weather on crop production.
As the climatic needs mnd tolersnces of plants evolve, so must the applied branches of
climatology concerned with agrioultural productivity.




~125-

-
-
Ey » - —
T - "'\.\
~" ™
'....---nn---...._ {
.o--.-"' { . A
Er/2 i R Y
| . |l
| 1 o
: ' 0
E; /10 ! " | U
CJd T F M T A T M iy Ty T A T s Ty N T D
] [ |
1

ji— prep.—fe- inter. sh———— humid ——fin.jres.

e molst o

i-——-——-— moist +reserve ——— 4

1
!
1
|
1
I
1

Fig 2. TIyplecal mean rainfall and evapotranspiration regimes in west Africa savanna
belt. R, rainfell; Eqp, potential evapotranspiration, fThe aree above the Ep line
and below the R line represents water surplus. Without ground storage (say, 100 mm)
it represents run off. The areas below Ep and above R represent uater deficit. The
area bounded by R, Er, R + reserve and Er /2 represents effective rainfaoll., IThe
lengths of avallability of water periods are indicated on the diagrams.
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Fig 3, Recorded growing cycles of groundnut and average availability of water
perlods in the DIQURBEL district In Senegal. Sowing is carried ocut after the mean
date of beginning of the moist period (Ep / ). Useful flowering occurs entirely
during the humid period whilst maturing follows it. Harvesting is carried out
around the end of the humid period plus reserve. UFiological data were taken Jfrom
Delolme {1948}, and the climatological data from the FAO/UNESCO/WH0 Agroclimatology
Survey Report (in preparation).
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1A 1SF/SD/66/3

WATER RESOURCES — INVESTIGATIONS AND DEVELOPMENT

A.J. Bakker
Project Manager
Land and Water Resources Survey in the
Jebel Marra Area, Sudan

The purposs of this meeting ie an exchangs of .xperiance and suggestions to
make our work mora effeotive.

All of us here are in some way acguainted with the Savanna Belt or with a s ooific
part of it, We all know that in an area where practically no rain falls over half/three.
quartera of the year, and where during the rest of the year the water supply is not
always dependable, water is a Key factor in development. The availability of land is
almost alwaya out of proportion to the very limited water rescurces. The water is
generally the most important limiting factor for development. The type of develcopment
is generally determined by the amount of water which is availablas rainfall, river
flow and groundwater. We have to pay very careful attention to the inveatigation and
development of these water resources.

As a general introduotion to the subject, I should like to start with a
formulation of problems of a general character which are common to several Projects
represented here,

Noxt I will review the variocus types of water development for which the basio
information has to be aupplied.

I shall alao dimscuss the elements of water resources to be investigated and
oocnclude by drawing your aitention to a number of points where, acoording to me, more
co—ordinated acticn is needed.

1, Problems of a gensral character encountered in technical asaistance Projecte
concerning water development in the Savanna Belt,

fag lack of existing dataj
b lack of times we have to produce basic: information in a few yoars for
cases where the normal standard in Weatern countries is at least 15 years
of observationsy .
¢) lack of technical personnelg
lack of acceassibility to the pointe of observations
dualism in the task! we have tc produce raesults, conclusions of the
survey and we have to leave btehind a service which will carry on the
inveatigationa,
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These difficultiss are given data with which we have to live in the Yest
possible way, ¥e have to arrange cur Projeot and our program of work on the Yasis of
such given difficulties,.

(a)

(v)

(o)

(a)

(o)

The lack of existing data makes it all the more necessary to make maxjimum
use of what is available} this includes information collected elsawhere
under similar oircumetances.

The lack of time urges us to work as efficiently as posaiblei For this we
have to conalder carefully the relationship between purposes, that is the
future development of water resources and our aystem and program of
investigations. It ie aleo necessary to review this relationship i
periodically and adjust our work to it. For the short cbeservation series
obiained during the survey period, we have to find a link with some exiating
long obeervation serles from which we can interpret cur measuremsnts and
also arrive at an extrapolation to what has to be expecied during
exceptional years, In most cases we only have some long series of daily
rainfall records.

We have to accept realietically the shortage of qualified technioal perscmnel
and mat up a program which can be handled and which makes the maximum
possible uae of the available man force including locally reoruited

peraonnel which has not yet had a specialized training in the field concerned.
We may re-consider the applicability of obssrvaticn methods which are
normally used in Western countries and may find that simplified methods

would be more effective under given circumstarces. Alsoc the choice of
equipment may be influenced by the type of personnel available, It is
ugeless to install very expensive squipment which 18 too complicated to be
cperated effestively in the given ciroumstances,

The lack of acceasibility of the mtationa ocan of course be oversome by road
construction but this is often too expensive and takes too much time. Heli=
copter services are an ;excellent sclution bBut may be too expensive for the
full Projeot period. A small airplane needs many air strips and experience
has taught that ocperation and maintenance gives many more problems than is
originally foreseen. Another possibility,already mentioned above, is to
find a simplified method of obssrvation and station on the spot locally
recruited staff during the rather short rainy season.

Dualism in the task sometimes creates controversy., Producing results and
bullding a service whioh will oarry on later are somstimes diffiocult to
reconocile. In each Project the best poasidle equilibrium betwsen the two
has to be decided upon. It is also necessary to distinguish clearlybetween
observations whioh should continue if the UN part of the Project is closmed,.
and special investigations to be carried out during Project operations only.
One haa to be very sure that a program of continued observations is balanced
by the organization available to carry them out. {A well known example of
failure ia the UN specialiast vhodpes excellent technical work but creates

a servicd whick collapses with his departure.) The special investigations
may serve the present Projeot, but one should make sure that they are not
left behind as & dead weight of routine producing & continuous stream of
uaeless data. ‘

2. Development of water rescurces — Purpose of water resources investigations,

The type of development depends on the availability of water., Briefly, in order
of decreasing avallability, we have the following types of water utilizationt

- Rain-fed agriculture, forestry or grazings
~ Parennial irrigation, orcharda. The extent is determined by the
seasonal minimumy
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-~ Non-perennial irrigation, For instance during the months immediately following
the end of the rainy season when much more water will be available than at the
end of the dry seascni

= Flood irrigations BSpreading ¢f floods over the agricultural landj

- Demestic water supplys

-~ Industrial water utilization and the generation of water power are special
cases by which the priority is determined by their economic importance.

Technically we need for this water develcpmentt

= Diversion system for irrigationy ‘

- Surface storage of water varying from large reservoirs, in major rivers
(¥ila, Niger), to village or even household size tank (Kordofan)j

- Extraction of water from superficial aquifersy if related to Wadi bedse this
may concern mainly underground storage of surface water (Lower valleys in
Jabel Marra area)s . '

- Extraction of water from small andfor deep aquifers mainly for domestic
and stock supplyy

« Flood epreading for agriculture or grazing as well as for the recharge of
aguiferss

- Flood protection or flood evacuation {polders and alsc culverts and bridges);

: = Purthermore,ve may have to deal with desalinization of water, water power

(generally a secondary product only in pemi-arid areas) and very often with
8ilting of reservoirs.

On these large scale poesible water development methods the emphasis is different
in different parts of the area. It should be poseible, through co-ordination of efforts
and the exchange of information,to come to a division of tasks over a series of Projects
for the benefit of all,

3. Survey of Water resources.

For the design of an observation program and a network of observation staticns,
wo hava to give careful oonsideration to the purpose of the investigationa., We cannot
afford the luxury of takimg a hand~bock and setting up a general sclentific program
attempting to cbtain the maximum information on all aspects of the hydrological cycle.
The normal task is to supply the beat possible answers t{¢ a given set of questions
during a8 period which is too short and with far less personnel than one- really
nesda,

Formally a vary general knowledge of the water resources is avallable beforehand.
Ve have to decide "what is it we are looking for", MNost important is to have an idea of

= Quantities needed ~ large amounts for irrigation, relatively small amounts
for stock watery

The place where the water is neededs

Which are the potentially irrigable landss

Feed for storagej

Importance of the quality of the water (salinity))

Importance of gediment transportation (silting of reservoirs);
Irportance of flood peak, flood volume and of minimum discharges.

When during the survey information on other subjecta such as land classification
and poessible dam sites becomes available, the adequacy of the program of hydrological
investigations heza to ba re-considared and if necessary adjusted., On the other hand it
is also necessary that the hydrologist makes available as scon as possible a preliminary
appraleal of water resources for the use of other apecialistss agriculturists,
irrigation engineers, soil surveyors, etec.
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The survey of water reccurces oconsiats ol varicua elementis, mainly rainfall,
surface water, groundwater, ovapotranspiration and sediment transport and ercsion.
The water balance of the Project area as a whole gives an opportunity {o compare results
or to £11l1 in gaps in ocur knowledge.

Of the rainfall we are interested in:

the total annual amount during a "normal™ yearj

the distribution over the areas

the seascnal distridbutions

the overall yearly variation (what is to be expected in a dry year, wary dry
year, aetc. but also how far do present project cbservations represant a
normal situation)s

= rainfall intensity and its relation to duration, area and probabllity is
very important for problems of floods and of ercsion.

Exiremely important are the chances of drought and the relationship between
rainfall {or drpught), moils and crop behaviour,

How do we come to a practical definition of drought?

In a memi arid area like the Savanha Balt there may be a coneiderable difference
between average and medium values. It is suggesied that to represent the "normal"
aituation, medium values are used rather than averages (differences are often from
5 to 10 percent).

For all the elementm listed above, we need the interpretation of the best posaible
observation series for a number of stations and we normally alec had a considerabls
expansicn of the existing network. One has to determine on a number of base stations
and cperate in addition a large number of subsidiary stations.

Rainfall recorders are needed for studies of rain-fall intensity but they nesd
caraful supervision and should always be accompanied by a normal rain gaugs,

Totalizers may very usefully supplement the network with information on plﬁcaa
vwhick are difficult of acoees or where mo reliable chaserver can be found. They may be
aleo used for checking other cbservaticna (an¢ observers).

Equipment should be of the type normally used by the national pervice, Obssrvera
ehould be checked whenever possible. DTata brought by an obmerver should be checked
tefore he leaves thes office.

Surface water is more diffioult to measure especially in wide sandy non-perennial
rivera with sudden floocds, as they ocour frequently all cver the Savanna Pelt. Some
base stations should be installed where accurate measurements (from cable ways?) are
carried out by well qualified personnel,

‘With the selection of such base stations it ism difficult to find the correat
aquilibrium between:

sultability of the site in hydrological aspects

the urgency of knowledge about the discharges at certain points (futurs
dam sitea);

the importance of the site for the hydrological system as a whole and the
accessibllity for the personnel.

Only a very limited number of such base stations can be installed. In additionm,
one can have a nurber of eecondary stations where, for instance, next to water level
observations, float measurements are carriad out especially during flooda.

Where feasible, measuring weirs should be installed or stable atage-discharge
relationghipe may be artificlially created. Stations with special purposes may also he
installed, for instance temporary stations for dry season flows or discharges from springs,
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Still, the problem of acourate reasuremente in wide sandy Wadl is sometimes
almost without practical solution.

The installation and operation of sample catchments can be very important. The
diffioulties of such measurements should, however, not be under—estimated. More refined
measurementa may also be considered in follow-up Projecis,

Care should be taken that continuity of obmervation is maintained and that actual
obgervation data remain available for re-appraisal sometimes after many years.

Interpretation of the data for design purposes gemerally needs compariscn
with rainfall series and with observations and research carried out elsewhers. The
decision on design floods for spill-ways and bridges nesds egpecially a wide and
expensaive margin of safety.

Groundwater resourdes will be of varying importance in differant Projeois.

The main tools for these investigations are hydro-geological rsoonnalssance,
obaervation of groundwater levels, gecphysioal surveys, exploratory drilling and pump tests,

Obeservations of groundwater levels should be carried ocut systematioally and dYe
oocntinued over long periods for certain seleoted key points (wells)., Under certain
oiroumstances, the variation of groundwater storags in superficial aquifers may be
quantitatively one of the most important elements in the water balance.

An approximation of the groundwater volumes which feed amall perennial sireams
and asprings can ba obtoined from the dearease of the discharges during the dry seasen,
For superficial aquifaers, the moat suitable way of extraciion of the water during
different mtages of the development procesas has to be given careful atitentien.

It is very diffioult tc measure the evapotranspiration under field conditions,
Measurements of evaporation are in a simple form {often Piche svaporimeters) routine
observations in climatologiocal ptations. They should at least be supplemented by scme
open pan observationsa.

For the reast it seems more effective to make, within the scope ¢f gensral land
and wvater resources surveys, an approximation of the axpected evapotranspiration from
observationa of the basic olimatological faotors, by using a generally acospted formula,

From the water balance an idea of the order of magnituda of evapotranspiration
under present circumastances can also be obtained.

Bpecial invastigations aarried out in this field in some Projeots will generally
be of interest for others (Kordofan, Jebel Marra, Chad).

Sedinent transport in rivers is normslly measured by msampling the asilt in
suspenaion, In the Savanna Belt, the bed load tranapcrt in Wadis is of very great
impc. tance. A practical method of fleld observationa which could be applied without
too much difficulty is not known to me, apart from measuring the actual silting up of
already existing reservoirs,

Co-ordination efforts and research on this subject. seems badly neesded,
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4+ Sonolusion

Co=ordination of sffortas in this field of water resources investigations in the
Savanna Belt is needed and should be discussed herej; as an introduction to this
discuassion, may I esuggest the following pointal

(1 Pooling, processing and dissemination of existing hydrological information,
(11} S+udy of dynamic olimatology for the area as a whols,
(i14) Agreement on a system of interpretation and extrapolation of reslatively

short obasrvation series.

(iv) Agreement on a practical system of evaluation of chances of drought in
relation to agriculture.

{v) Development of practical syastems of detarmination of diacharge and

sediment transport in Wadis,

(vi) Praotical studies of evapotranepiration.

(vii Speocimligation in certain types of water development and co—ordination
of results. :
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LA 1SF/SD/66/4

CROUNDWATER IN THE SAVANNA BELT

R, Ambroggi
Consulting Hydrogeologist
Land and Water Development Divisicn

Intreduction

As a good example of an arid and semi-arid gzone, 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
Belt should begin with an estimate of present and future water consumption, together with
the geographical distiribution. As usual, groundwater use should be a first prierity
for community water supply, in order to avoid all ‘the diseases inherent in impounding
‘surface water. The problem is the development of groundwater and sanitary engineering
at village level, and not the quantity of groundwater available, calling for
scphisticated groundwater surveys and investigations. As a second prioriiy, the
watering of livestock should present no supply problems. The difficulty here is to
create an adequate network of wells according to the traditional cattle tracks and to
formulate a sound strategy for bringing livestock te the slaughterhouses. Ultiimately,
small-scale irrigated agriculture f{rom groundwater at wvillage level should provide
each year the necessary food, which at present depends entirely on climatic fluctuations.
The demand is already pressing hard on the supply in some areas and seems likely to do
80 in others. As groundwater is now used mainly for irrigation, the most important
thing is to find out the quantity available, which necessarily implies a groundwater
BUIrvey.

The Savanna Belt is the African tropical area defined by the transitional climate
between the Saharan climate and the Sudanese climate. In the northern part of the belt,
the sc-called Sahel from the Arabic shore is bordered by the Sahara, from the south of
Mauritania to the Red Sea through Timbuctoo, north of Lake Chad and north of Khartoum.
The southern limit is defined by a line passing through Dakar to Kayes, Sansanding,
Mopti, Say, south of Lake Chad through thke Central Sudan, including Khartoum. The climate
of the Savanna, in contrast to the Sahara, is characterized by a steady annual rainfall,
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 mm. per annum spread over a few days). 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 denser and where some rainfed agriculture
ocours {millet and ground nuts) and where there is alsc a little irrigated agriculture
(rice and cotton). Moreover, the Savanna Belt is the most important stock raising

area of tropical Africa.

© Geology

The basement, made of crystalline or Precambrian rocks, is impervious. Croundwater
commenly occurs in the weathered zone, very close to the surface. The Paleozoic is also
impervious, with the exception of some weathered zone fractures, and scme limestone
interbedded in the Cambrian (Condo aguifer) in the Devonian and Carboniferous. Some
major pedimentary basins with very pervious sediments have been formed during the
Mesczoic and the Cenozoic. Moast of the main geological series are found to be almost
identical over wide areas.

The major aguifers are found in three kinds of formation, two of which are geologic
series: a related group of rocks formed in a particular period or epoch, One of the
series is the main geologic feature underlying the Savanna: a sandsione series that
recent explorations have shown to be of lower Cretaceous age. This sandstone, which in
many places is interbedded with shale and marl, is more than 1,000 meters thick and
rests on Paleozoic or Precambrian rocks that are impervious to water. The French name
for it is the Continéntal Intercalaire; the English, the Nubian Sandstone. It
constitutea an excellent aquifer.

Overlying this sandstone series ig a limestone and marl series of marine origin,
dating from pericds when much of the Savanna was under water. About 1,000 meters thick,
it is of upper Cretaceous and lower Eccene age and almost imperious to water. Above it
lies the second major aquifer formation: a sandastone series of Miccene-Pliocena age.
This series, alsoc about 1,000 meters thick, is called the Continental Terminal and
repregents the second important aguifer of the Savamna. The third class of aquifer is
represented by sand dunes, riverbeds and other surface formaticns dating from the
Pleistocene and Tecent epochs.

Water occupies an aquifer under one or the other of twe distinctly different
conditions. If it is overlain by an impermeable stratum, it is likely to be under
pressure that will cause the water to rise above the top of the aquifer when the aguifer
is penetrated by a well. This is the condition described as artesiani; the term is used
whether or not the water rises high enough to flow at ground level. A large part of
Savanna groundwater is under artesian conditions. If the water in an aquifer ie not
confined by an overlying impermeable stratum, it is said tc be under water-table conditiona.
Such water is not under pressure and can he extracted only by pumping or hy gravitational
flow through underground canals.

Groundwater is seldom immobile in an aguifer. Artesian water in particular is
likely to move over considerable distances from s recharge ares. This movement is
attributable to gravity. In the Savanna, evaporation iz 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 wmore than 10,000 cubic meters
a day per square kilometer. The effect is smaller, 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 evanoration
were only between one thousandth and one ten-thousandth of surface evaporation (the
figure is a matter of speculation for want of sufficient data} it could still represent
a loss of as much as 3,000 cubic meters a year per square kilometer.
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Evaporation, which probably accounts for the largest discharge from the agquifers,
takes place in vast depressions. Under the more ncrmal climatic conditions of the past,
this depression would be a lake recharged by both rainfall and the artesian aguifers.
Today the depressions are dry except during periods of rain.

The structure pattern is determined by some major faulta crossing Africa in a north/
south or northeast/aouthweat direotion, breaking down the Savanna Belt into different
besins. Some large sedimentary basins originate from these faults, in between which
subeidence takes place in the CGraben zones., The uplift of the faults is sometimes over
3,000 meters. The Tectonio fraotures took place after the end of the Palezoic and in
some places since the Precambrian, Subsidence is still aotive in aome basins, for
example in the Chad bagin. The main characteristic subsidence basins are from the west,
the Senegsl, Niger and Chad baaine. The Chad basin covers an area of 1,100,000 square
kilometers. . It is one of the largest closed basins jn the world. The siructure of the
basin is somewhat complex, A grabed, 300km. widé, 4,000 m. deep, streiches in a south-
west/northeast direction below the actual Chad lake. Artesian sonditlions are known to
sxist over an area of more than 300,000 square kilometers in the continental terminal and
locally in the continental intercalaire. On both sides of the graben a thinner cover of
Neogene sandstone is alao a good squifer under water table conditions, The main recharge
areas are in the south from the Chari and Logene rivers and in the southwest in the
Bornou region. The actual Chad lake represents a perched surface water reservoir fed
by 35,000 million cubic meters per year, without significant recharge from the groundwater
reservoir., The discharge area of the artesian aguifers is to the northeast of the Chad
Lake in the Bodele depression, which ¢an discharge to the aimosphere several oubic meters
per second. The Chad basin was still closed in the Pleistocene period, es is shown by
the evidence of a huge lake of over 500,000 square kilometera in extent.

The Niger basin is subdivided into the basin of Niamey and the basin o¢f Timbuctco,
connected through the Strait of Cac.. The Timbuctce basin represents the Upper Niger,
which was originally separate from the Lower Niger. The groundwster basin still
rapregents the original feature and is maimly recharged from the so-called internal delta
of the Niger river where thé Niger flooda 50,000 million cubic meters each year over the
surface, of which only a small part contributes to the agquifer, The aguifer is in the
continental terminal, a Neogene sandstone 100 m. thick. Groundwater flows %o the north
and reaches the depresspion of Taoudeni, where it mixes with water from the continental
intercalaire agquifer and evaporates. The Niamey basin is a graben 100 km. wide,
extending from Bourem southeast to Niamey, and a platform dipping slightly from the
Air Mountain to the graben towards 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 artesian to the southwest, The
natural recharge of the Niamey basin is from the Niger river in the vieinity 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.

Almost all the water-bearing formations are sandstone or gravel aluviums in the
river beds., Limestons is almost inexistent., The soluble salts (alkaline, magnesium
or calcium) are very rare, and as a consequence groundwater is not highly mineralised,
in spite of the heavy evaporation of over 1,800 millimeters per year and of the low
hydraulic gradient of the aguifers.
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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 perous. The nature of the
strata ia also of importance. The basioc rocks of precambrian, older and richer in
calecium than the younger voloanic rocks, are hetter weathered in the same way as the
granites, calco-alkalines, are more weathered than the acid granites. Climate is also
a factor. The same granite will produce 40 $o 50 m. of impervious arena in a wet
tropical area and only a few meters of very perviocus arens in the arid zone. For
instance, the palecozoic shales, assumed to be always impervious, represent in a few places
of the Savanna Belt a sub-surface aguifer of some importance; while the paleozoic sand-
stones,assumed to be pervious, are sterile.

In the Savanna Belt the basic tools with which to apprcach an inventory of groundwater
resources are studies of rainfall and of surface run-off, as these obey a few simple rules
owing to the relative regularity of the annual cycle. The meat important factor in the
field of groundwater is the natural recharge of the aguifera. As a preliminary assumption,
evapotranspiration defieit in the Savannas Belt is 400 mm. per annum in the barren zones,
500 to 600 mm, per annum in the Baobab Savanna. In other words, the natural recharge of
the aguifers is by direct Infiltration of the rain, when rainfall is over 400 mm, per annum
in barren zonea or 500 mm, per annum in Savanna gonea. More precisely, below thease
figures, the natural recharge occurs only from run-off through recharge of the river beds
or of the alluviel fans of the piemont areas. In the Savanna Beli, surface hydrology
and run off deficit are the main means of discovering the amount of potential groundwater
rescurces available yearly. The suppression of vegetal cover will result im sn incresse
of the recharge from the run-off through the river bed.

The normal outlet of an aguifer is a spring or a perennial river bed, which is very
rare in the Savanna Belt, Here the most frequent outlet ie svaporation or evapo-
transpiration of the aquifer in the loweat part of the groundwater basin, such as
depressions, feesil and recent river bteds, marshes etc.

Any attempt to draw down the hydrostatic level by pumping in the discharge area
would eliminate the losses ocourring from evaporation and therefore make available a new
waler resource,

Groundwater development should concenirate finally on the alluvial water tables and
aquifers easily reached by hand-dug wells or shallow boreholes. Taking into account the
hydrogeclogical conditions, the location of wells should finally be a matter of strategy and
planning on a large-scale basis: Wells will still remain the major problem, as skill
is required whether for hand-dug wella or drilling techniques. For the last fifteen years,
private firms were almost the cnly meansa, but proved very expensive, The flnalnpolutlon
should be {0 create in every couniry a technical organization with the necgssagy.modern
equipment and trained personnel to carry out the execution of wells. Some problems could
8till arise from the pumping of the wells and from the necessary energy, whether by human,
animal or mechanical means. However, some useful experience hé@ been gained in this field.

The time has now come when it is no longer necessary tOARevotn gxeat effort tg
groundwater surveys and investigationsz, 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 wella to supply water for human life and livestock and,
wherever possible, for village irrigated agriculture.
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1, INTRODUCTION

The half million square miles of pavanna in the Sudan represents vast forage
resources and challenging problems of exploitation and development. Some broad aspects
of these resources and problems are briefly outlined in this paper, This example from
the Sudan may be useful for crienting disoussions of related situations in other
countries and considering opportunities for resource development throughout the African
gsavanna belt,

Emphasis on naturally-occurring grazing resources in this report refleota the
viewpoint that theass warrant first attention in a logical approach to the development
of forage potentials in thie area, Thees naturally-ccouring grazing lands are often
termed "range" to distinguish them from the sort of improved pasture that ia commonly
asgociated with cultivated agriculture,

II, SAVANNA . CHARACTERISTICS IN THE SUDAN

Definition and extent:

The term savanna has been used by geographers to desoribe extensive areas of
graasland in the hot tropics. More specifically, as described by Dansereau (1957),
it is grassland with scattered trees; "an intermediate type between, forest and grassland
in many ways, but so peculiarly different from either that it can hardly be denied a
character of its own",
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This identified, woocdland savanna can be correctly applied to half of the Sudan,
the area south of latitude 14° north, where annual rainfall ranges between 300 mm and
1300 mm. Excepiions include small amounts of montane vegetation and a marrow atrip
along the Congo and Uganda borders where the olimax vegetation would be rain foreat.

Harrison and Jackson (1958), following Andrews (1948), recognised two primary
aubdivisions: low rainfall woodland savenna and high rainfall woodland gavanna, the
geparation coming between 800 mm and 1000 mm of annual rainfall, They claseified
separately the enormous flood plain region which is inundated during the raliny season,
However, the flood region can be congidered a special area of high rainfall pavanna
since it is located within this rainfall 2one and it has the grasa cover, dry season,
and prevalent fires that characterirze savanna.

The area of savanna relative to other vegetation regions is approximately ams
follows (Harrison and Jackson, 1958) 1

Regioné'(and annual ppt,)

Approximate Area

Thousgand sq, mi, ﬁ of total
Desert (0=-T5 mm) 280 29,0
Semi-desert (75~300 mm) _ 190 19.6
Savannai
Low rainfall (300=-800 mm) 266
High rainfall (800-1300 mm) 134
Flood region (800=-1000 mm) » 95
Total Savanna - 495 hi.l
Montane vegetation 2,5 0.3
TOTAL 967.5 100,0

General land use and eignificance

The savanna is the primary grazing and agricultural areas of Sudan and vital %o
the livelihood of most of the population, The great majority of Sudan's pecple are
-subaistence farmers who characteristically own a few livestock, Nomadic or semi-
nomadic people make up about one=-third of the Sudan's population and own about 90% of
the country's livestock,

Little more than 1% (2-3 million hectares) of the Sudan'e land area ie actually
cultivated, About half of this (1,3 million ha,.) is under irrigation in riverain
agricultural and in large development schemes, The remainder {2 million ha,) is
rain=fed cultivation largely on sandy soils in the savanna belt,

Shifting agriculture is the rule in dry farming, with a long periocd of fallow
to allow for "regeneration" of the moil to support a few years of agricultural cropping.
The fallow land ie grazed along with surrounding range, A variation of this aystenm,
termed the gum=cultivation cycle, is practiced in some areas, gum arabic being obtained
from regenerated Acacla genegal during the fallow peried.

The large irrigation schemeas are devoted to cotton — the principle expoert erop.
Sorghum and millets are the staple food cropm of rain-fed agriculture in the savanna.
Other eubsistence orops inolude lubia (Dolechos lableba), primarily for catile feed,
and smaller quantities of groundnuts, water melon, sesame, and miscellanescus pulses and
vegatables.

Forestry in the Sudan is somewhat unusual but an easential form of land use,
Woody vegetation of forests and grazing lands is the only local source of fuel in a
country lacking coal and cil resources and of undeveloped hydro—electriec power,
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Gum arabic, from the savanna bYelt, is Sudan's only forest export. It ranks second or
third among exports, far below cotton but well above livestock (Rep, of Sudan 1966),
" Produotion of oommercial timber for domestic use is confined to the vioinity of
navigable rivers, railways or main roads,

Livestook humbers and trends

Savanna forage supports the bulk of Sudan's large and increasing livestock
populations, estimated as follows (Halbrook and Yust, 1964):

Eatimated livestock populations
!mzliiona of animals)

1944 1954 1964
Cattle 3.1 9543 10,0
Sheep 4,8 6.1 10,0
Goats 3'4 5-2 700
Camals 1.1 1,2 2,0

Although most of the camels and part of the sheep use the northern semi~desert
and desert zones extensively, many of them migrate to the savanna zone during the late
dry season for water and forage.

Livestcok numbers havn.bpen inpreasing since the beginning of this couniry, A
rapid growth in recent ysars, especially in cattle and sheep numbers, is attributed to
a mapp lmmunization campaign,

Livestock contributions to export earnings, however, are not inoreasing, and are
disappointing in view of the large livestock populations, . During the three-year period,
1962-1964, total livestock products averaged only 6 percent of total exports = less -
than one—~tenth the value of exported cotton and cotton seed { Republic of the Sudan,1966):

Commodity £3, millions Percent of Total
Ginned cotton 40,5 56
Croundnuts T.4 10
Sesams 5.6 8
Qum arabic 5.7 8
Cotton seed 3.5 5
0il cake 3.2 4
Livegtock Products s
Canels 2.5
Hides and Skins 1,1
Shaeap «6
Cattle e3

415 6 .
Cther exports 2.3 3
Total domestic exports 73,0 100

Obvicusly there are marketing prodlems to be solved if livestock and the savanna
forage resources are 1o make their potential contribution to the export economy of the
country,
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Climate

The savanna olimate is classified am tropical continentel olimate with & wet=
and dry trend (Dansereau, 1957), In most of the Sudan savanna, the rain period is
3 to 9 months and the dry period 9 to 3 months. Raioe ccme with the inter-~tropical
front wvhich moves northward aocross the savanne belt during the periocd March to July, and
recedes southward during September to December, Thus, both the length of tha rain
seagon and the total amount of preoipitation decrease from south to north, Humidity
and cleoudinsss, of course, fcllow the same trend, Average annual rainfall ranges from
300 pm in the north to 1300 mm in the south, but it varies greatly from year to year,
Temperatursstend to bs highest in the scuthern part of the belt during January through
March, but in the Northernmoat part from March through May, Temperature extremes and
differences between summer and winter are most pronounced at the driest, northern edge
of the zone,.

Soils

The fact that scil ocharacteriatice provide a useful and convenient criterion for
soological classification (Harrison snd Jackson, 1958), reflects the marked influence
of sollas on vegetation in the Sudan, Vory gensrally, soils of the savannz  regiocn are
sands in the northeast, clay in the center and east, and latisols in the southwest.
Various "hill aoilu“ are assoocisted with limited mountaina areas, including the Jebel
Marra magsivs,

Stablilized, soft dune eands, called "Qoz", form the northwest portion of the
gone. Though low in mineral nutrients, the sands sbmorb all the rainfall and have
better molgture relations and better vegetstion than clays where rainfall is limited,
Accordingly, the mavannah extends farthest north into the semi~arid zons on gands.

The dark oracking clays of the flat, monotonous, olay plains support relatively
poor vegetation considering their good mineral etatus zﬂarrison, 1955), These soila
abaorb little water after swelling closes the orackas, Above 600 mm of rainfall,
surface flooding ocours., Most of the southern olay plain is &n the "flood _region"™
and affeoted by temporary floocdings a significant proportim? is swamp. ‘

The northern o¢lay plain has less flcoding and for a shorter period, This
northern plain ie providing the bulk of the land for extensive irrigation and mechanized
dry-farming developments,

Non=cracking clays that are impermesble below the top few inches ocour scattered
in many localities as smooth clay flata, The alternation of these flats with slightly
bigher aress of stabilized dune smand results in a vegetation complex which Harrison and
Jackson (1958) called the "Baggara Repeating Pattern", It is a prized grazing type
in southern Darfur where the sand zone and clay plains merge, A comparable alternation
of non-oracking clay with two kinde of cracking c¢lay, one temporarily flooded, produces
another ecclogical complex called "Ragaba Repeating Pattern" (Harrison and Jackson 1958},

Laterite catena soila, mostly red loame, are confined to the Ironstone Flateau

of Southweatern Sudan, There rainfall exceeds 800 mm and the vegetation is high
rainfall woodland savannah,

General vegetation characteristics.

The wide range of rainfall and soils encompassed by the Sudan savannah results
in an equally wide range of ecologiczl situztions and numerous plant communities, In
line with the south-north gradient of decreasing rainfall, vegetation belts tend to
be oriented east-west, although they are markedly affeocted by soil conditions, The
vegetation as a whole ig not well understood, although it is being studied intensively
in the Kordofan and Jebel Marra projects, Relatively little is yet known specifically
about forage values and other pertinent characteristiocs of most savannah speciss,
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A survey by Hearrison (1955) is the main present sourcs of information on natural
vegetation of the Sudan as a whole from the viewpoint of forage resources.,

Although vegetation is mest meaningfully discusesed in reference to scological
-units, a few general features of the savannah vegetation might be mentioned that relate
to forage value or management. :

One striking feature is the cosmopolitan dietribution of the genus Acacia, which
is represented by a number of different species in the different climatic asituations
throughout the gavannabh belt,

Non—thorny trees, however, beoome dominant in the highet rainfall zones. In

" varying degrees all savanna vegetation exhibits adaptation or tolerance to drought
and fire, Tolerance of fire ia best developed in herbaceous plants, which probably
accounts for their prominence in the sgavanna. flora., Annual grasses and herbs are
unusually proninent relative to perennials in many situations, Besnides special
adaptation to fire, annuals can withatand heavy grazing beat and they invade disturbed
gltes most aggressively, '

The growth period in the savannah coincides with the rain seasson, most herbaceous
spacies maturing and going dormant as soil moisture diesppeares in the dry season, Thus,
only mature, dry herbage is available for several months., Annuals tend to mature first,
often well before the end of the rain seaeson, In perennials, the growth period usually
is longer, making fuller use of available moisture and extending the "green forage "
period, Woody plante tend to have the longeat growth period and often comprise the
only visible greenness on the landscape late in the dry season,

Although the herbage is most nutritious during the growing season, much of it
remaine palatable and usable when dry, Quality, however, varies greatly between
species and between localities, or pcological situationa,

III, PRESENT AND POTENTIAL PRODUCTIVITY

The best available measure of productivity of graszing lands in the Sudan is the
livestock that are supported. An estimated 29 million total livestock (exocluding
horses and donkeys) amounte to 16,700,000 animal units, each equivalent to a mature
cattle, five sheep or goats, or 0,6 camel, Of the year—long support of thies total,
three~fourths (the equivalent of 12,5 million) now comes from the various divisions of
the savanna belt (Table I,) This is only half the estimated number the savanna is
believed capable of supporting. Major limitations and practical approsches visualized
for achieving the potentials are cutlined in Table 2, These are made from the viewpoint
that natural range will continue to be the major forage reamource for the foreseeable
future, although cultivated forages and feedstuffs alsc are neceasary for effective
exploitation of the natural forage in many situations,

Nomadism and range utilization

The nomadic seasonal migration of livestock that characterizes range utiligzation
in the Sudan kas both desirable and undesirable features. Bagically, it is an effective
adaptation of livestock management to impeortant characteristics of the natural
environment: 1) both regular and erratic variation in forage associsted with climatej
2) seasonal and variable supplies of drinking water; 3) seasonal availability of major
forage resources otherwipe avoided because of flooding, soft soils, insect harassment
and undesirable living conditiona,

The features of mobility and group action developed in Nomadism can havée practiocal
application in improved range management, But the extent and distance of travel will
need to be greatly reduced in many cases in the interest of both livestock welfars and
praciical management,
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The viewpoint is adopted here that the mogt compelling former reasons for migration can
be overcome with modern technology in insect control, water development and forage
managementj and humans can adapt to environments that are somewhat less desirable than
may be preferrsd, Accordingly, the estimates and proposals outlined in Tables 1 and 2
vigsualize only resiricted seasonal movement of livestock within zones or between
adjacent zonea,

Regional digtribution of range use

Substantial redistribution of grazing use is essential to effective exploitation
of forage potentials in the Sudan, Although the total grazing capacity is estimated
at about twice the present livestock numbers (Table 1) (Halbrook and Yust, 1964),
pevere overgrazing is commonly observed — especially in the driest savannah zones and
the adjacent semi-desert region, 4 relatively narrow belt running through El Fasher,
El Cbeid and Kagsala now receives migrant livestock populztions from both north and
south and in both the dry and the rain measons: camels, sheep and goats come from the
north for water during the late dry seaponj cattle Nomads come from the south to
esoape biting flies and mud during the rains, The results are overstocking, range
deterioration, competition for forage, hungry animala, excessive exertion in travel
between water and forage, and great economic loss in terms of animal productivity.
Nearly two million animal units (cattle eguivalents} will need to be diverted elsewhere
to approach the estimated proper capacity of the pavanna portion of this belt of
livestock doncentration,

The surplus capacity is in the high rainfall savanna and the wettest portion of
low rainfall savanna = particularly the clay areas, Although tsetse fly and
trypanosomiasis inhibit use of much of the high rainfall deciduous woodland savannah
at pregent, there appear to be good possibilities for overcoming this deterrent through
rrophylactics and drugs and fly control,

In other areas, the reasons for present neglect of great forage potentials geoms
largely related to established customs based on environmental preferences of the
livestock owners, Major nomadic tribes, such as the Baggara, tend to avoid highly
productive portions of the savanna belt during the rain geasony 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 rise and fall,
The flood region example suggestas opportunities for better utilizing wasted potentials
in other savanna gones, Thia could he facilitated by harvesting forage for periods
when grazing is restricted by water, by measures for reducing impacts of biting flies,
and by feeding minerals where necessary,

local grazing distribution and water development

Local distribution of grazing within regions also presents acute problems =
partioularly in the low rainfall pavannah and adjacent semi~-desert zone, Invariably,
grazing values are destroyed where livestock concentrate continucusly, Detericration
tends to grade away from permanent water, roadways and migration trails - grading
from denudation at the concentration centres to relatively unutilized range at the
perimeter. N

Drinking water is the obvious key to local grazing distribution ~=~ and alsc to
grazing management, Attempting to make more range available and to relieve heavy
concentration of livestock and overgrazing, ths Sudan Government has spent large sumg
on water development, From 1957 to 1964, for example, the number of artificisl water
sites was more than quadrupled by constructing nearly a thousand water yards, reservoirs,
and dams (Holdbrook and Yust, 1965). This is reported to have mads 74,000 square miles
of additional rangs svailable to cattle.

Unfortunately, however, improved management has received less 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. Meanwhile, demands for additional water development continue to
increase with the steady buildup of livestock numbers and the continuing decline in
carrying capacity of deteriorating range. To stop this vicious oycle and aveid its
prediotable consequencea, water development obviously must be accompanied by appropriate
ranagement to maintain range productivity. This fact is now being recognized in the
Sudan .

Because water is so effective for controlling livestock distribution it is the
most efficlent management tool available for obtaining rotational grazing. Thus, the
need for additional water development will grow as management 18 intenaified, Emphasis
will be on marimum digtributiony with quantity limited to mctual meeds during the
desired period of use, Clopure of water points is as important to range management
as is development of water,

Range fires

Fire consumes far more forage than livestock utilize in the Sudan, and it is the
usual cause of forage shortage in the savanna region, In an avarags year, an estimated
80 percent of the savanna medium and high rainfall zonea are burned, and 30 to 60
percent of the low rainfall zone (Baasher 1961), Although fire is a valuable management
tool for improving forage quality and for ecological manipulation of the vegetation,
promisocucus and "accidental™ burning is incompatable with purposeful management and
effeptive utilization of range resources.

A pilet schems, started in 1954 in southbern Darfur Province, has demonstrated the
possibilitles for increaesing grazing capacity, extending dry season graszing, reducing
migration travel, and improving livestock productivity by controlling fires and saving
| valuable forage that usually is burned (Baasher 1961), Preventing or controlling fire
‘ is clearly one of the most diffficult problems facing jmproved mansgement of savanna

grazing lands., At the same time, learning how to use fire mosgtly effectively and
beneficially presents a challenge to range mangement and research,

QOrazing management

Improved systema of grazing management are needed in the Sudan not only to
provide adequate quantities of forage for the livestock throughout the year, but also
to improve or maintain the quality of forage produced, The nesd for management im
really appreciated where lack of forage is refleoted dy hungry animals., Lese obvious,
however, is deterioration in forage quality that frequently occurs through gradual
replacement of the moet palatable and nutritious species by less valuable plants.

Some of the mosgt demsirable forage species have already disappeared from extensive areas
of the pemi-desert and edjacent portions of the low rainfall savanna (Harrison, 1955).
That this deterioration process is in progress elsewhere — undoudbtedly accentuated by
fire — ias indicatedby a socarcity of desirable pernnials such as Andropogon gayanus

in some arezs where they are ecologically adapted.

Fortunately, range deterioration from grazing is not yet serious in the sazvannah
belt am & wholej probably because relatively little of it has yet been used during the
growing season., As use is intensified and extended toward the potentiale, however,
appropriate management practices will need to be devised that will provide high quality
forage and alsoc maintain yleld by satisfying growth requirementa of the beat plants.

At present, grazing systems are needed for stopping and reversing deterioration
in the heavily used low rainfall savanna areasy =glso for integrating range grazing
effectively with forestry and agriculture,

A rotational grazing approach appears most promising since uniform distribution
and econtrol of utiligation inteneity are not feasible, Practical and effeotive
nanagement systems will need to tolerate the heavy use that ig unaveidable near water
and other concentration areas, Plént,vigor and productivity of perennials ¥ill need
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to be maintained through periods of rest from grezing, The best practices will most
nearly satisfy the requirements of both the livestock and vegetation, Although
considerable study and experience will be necessary to define optimum management for

tha various ecological aituations, substantial improvement ought to be eaay to achieve,
Practically any change from continums grazing and repeated burning will be an improvement,

Intengive development with improved forages

Experience indiocates that improved, forage species can be eptablished wherever crop
agriculture is feasible, In general, this includes the éntire savannah regiom.
Theoretical potentials for producing forage and fodder, even with presently known plants
and procedures, would be fantastically large on a regional baaisjy but probadly meaning—
less . from a practical viewpoint, Eoonomic considerations suggest that less expensive
methods of ecological manipulation cffer & more practical approach for satisfying
forage demanda on the vast areas of natural grazing lande in the Sudan for many years,
However, there ars important exceptions to this generalization in local situations,

Integration of forage and livestock production into thke large scale agricultural
schemes of the Sudan is receiving considerable attention. To facilitate this integration,
oonveraion of adjacent natural range to improved pasture would provide additional
carrying oapacity needed during periods when grazing is difficult to acoommodate in the
irrigated orcpping schemes, Additional capacity also may be needed to replace the
natural graging usurped by the agricultural schemes,

At present the most widespread situation where establishment of improved pasture
and forage appears olearly justified is around large villages to meet the needs of
looal livestock., Nearby grazing lands ususlly ars so detericrated that natural
improvement is slow under village managemsnt alons. This aituation is prevalant in the northern
part of the low rainfall savannah and more sc in the adjacent semi~desert zcne,
Pregumably it oould be alleviated through establishment of permanent pasture or
incorporation of more forage intec the prewvalling system of shifting agrioulture ==
logically in place of the natural fallow (Skerman,1966)., A number of species appear
adapted for this purposet the legumes, Clitoria ternates (kordofan pea), Phageol
trilobus (Philipeara ), Cafanug indioa (Pigeon pea), Crotolaris junosa (sunn hemp?,
Vigna spp. {annual cowpess), and Stizolobium deeringianum (velvet beans)j and the grasses
Andropogan anus (birts grass), Cenchrus geiigerus (Zogtail), and Panioum antidotals
(blue panic gflali. - .,

Improvement of natural range by the introduoilon of desirable tor;go lpaclcn*allo
soems Justified in specianl cases, This approach is recommended (Table 2°) in thtese
zones wherse palatable peyennials are needed tc improve forage quality dufing the dry
season, BSuch range seeding would be of an extensive, lovw-coat nature in whioh the
introduced speciss vould be maintained and increased through scclogioal manipuldtion with
controlled grasging and burning. The precise methodology for aavanna oonditions has
yet tc be worked out, ’

Integration of grasing with gum production and forestry

In » spsoial variation of the orgp-flllou system of shifiing agrioulture, gum
arabic is obtained from regenerated Aoncim senegal during the fallow periocd, This
provides sn ndditional cash orop of dons dfrable value, The further inolusioen of improved
graeing into the system has been proposed (Skerman, 1966). This would appear to have™
praotical application sinos gum production is concentrated in the Qow rainfall savannah
vhere forage improvement is needed near villages., Observations suggesi that improve
forage plants and judioious grazing would not inhibit gum production, ’

Broader aspectsof integrating grazing with foresiry also warrant oconsideration in
the pavanneh belt, Antsgonism toward graring among foreatersin general ham developed
from repeatad examples of grazing damsge to forests in many countrdes, EHowaver, in most
cages the damaging grazing was excessive and unmanaged, Danage can be avoided with
adequate control of grazing intensity) season of use, and kind of livestook,

a
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This haa been demonstrated in other countries including the United States, In fact,
grazing the herbaceous vegetation can benefit forestry under some circumgtances by
reducing fire hazards and also favouring establishment and growth of trees by reducing
grass competition, Logic suggests that integration of grazing and forestry is
necegsary to fully utilize savanna, resources, and that a multiple-use appreoach to
management could benefit both foreat and livestock interests,

IV, SUMMARY
1. Natural 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 supports roughly three-fourths of Sudan's livestock, estimated as follows (in
milliona): cattle, 10j sheep,10j goats, 73y camels, 2, This amounte to 16,7 million
animal units equivalent to maturs cattle; of which 12,5 million are supported by
gavanna rangelands,

2. The potential capacity of the pavanna is estimated at 25 million animal units -
double the present stocking., However, most livestock auffera from forage shortages

at present, Diffioult problems and sericus limitations must be overceome in attaining
the potentials,

3. Major problems and limitatlons include: excess stocking and deterioration in
some zones, and little uase in others; destructive fires; shortage of drinking water;
and biting flies, mud =nd unfavourable living conditiona during the rain season -

the period of growth and highest forage values,

4. Proposed approaches for developing and exploiting the forage potentials include:
redistribution of grazing use smong pavanna zones and development of yearlong
maintenance within zonal regions without limited seasonal migrationy fire controly
water development in combination with effective grazing managementj range seeding where
needed to improve forage qualityj co-ordination and integration of range grazing with
commercial and subsistence agriculture, and with forestry and wildlife management.,
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TAELE 2

PRESENT FORAMGE AND USE CHARACTERISTICS, LIMITATIONS AND PROBLEMS, AND PRACTICAL AFPROACHES
TO ATTATEMEET OF GRAZING POTENTIALS IN MAJOR ECOLOGICAL AREAS, i

]
Rainfall : Type of Predominant Foragej t Season Used sLimitationas sPractical Approaches Toward
(mms.) : Palatability; Productivity s Kind of Stock : Problems ' Potentials,
- X z 2 3
I. Low rainfall Savannah on Clay
a. (1) Acacia mellifera thormland on oracking clay (northern clay plain)

400-570 :Short annual grassesj good palata— :tRain period and :Overstockeds sControl Acacia mellifera where densey
tbility at all stages; yields lowy tyearlong; all tmoderate sTeduce stockings improve grazing
iminor contribution from browse. tlivestock tdeterioration, imanagementj prevent firej integrate
s t : sfarming (irrigated and dry)with range
t T t tgrazing.,

a. (2) Acacia mellifera thornland on soils formed in situ {western Darfur)

400~500 Short annual grasses; fair palata— :Rain period and :Excess stock— iReduce animal numberss improve
tbility; very low yields; moderate tyearlongs all tingjdeterio— i1grazing managementjiprevent fire,
tcontribution from browse, sliveatock, trated. H

b, Acacia seyal-Balanites thorn savannah,

570-800 :Tall anmual and perennial grassesj :Early dry tFire and lack :Work toward yearlong usej; water
thigh yielding; palatability of tseanronj cattle, :of watersfliss :development with fire controlijearly
sannuais becowes low after maturitys; :sheep, tand wet tgrazing or harveating of annual
tperennials moatly unpalatable, H tconditions in :forage during growing seaponjseeding
: ] irain season, thigh quality perennials; integration
] L ] twith farming,

¢, Anogeissus—Combretum hartmannianum woodland savannah
800900 :Tall annual and perennial grassess :1Early or late tFire and lack :As above (b) in regard to water, fire,

thigh yielding; palatability varied,

tmont anmials not grasged when dry in scattle,
tpregsnce of mostly green and z
tpalatable perennials H]

tdry seasony

tof wateriflies
tand wet condi-
ttions in rain

iseason,

tand forage utilizationy increase
tacreage of present perennials by
tmanagement and seedingy overcome fly
thazarde,

._91;-[_
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4
Rainfall 1 Type of Predominant Forage 1 Seapon Usedj : Limitations} s Praotical Approaches Toward
(mng.) : Palatabilitys Productivity 1 Kind of Stock t Problems 1 Potentiala
: z g
2 : Low Rainfall Savenna on Sandt
a, Acacis senegal thorn savanna
300~-450 :Short annuasl grasses and herbsy i1Tearlong; all 1Overstookingsy tDavelop policies to reduce friction
tgenerally low yielding; highly tlivestock (mig— :conflict with :between grazing and other land usess
tpalatable, eepecially herbaj sration from adj— :gum and cul- treduce stockingy manage grazing through
smoderate contribution from browse sacent zones), 1tivationg iswater controlidevelop distributed
3 ] tmoderate fire twater in limited quantities,
H t tincidence, t

b, Combretum=Dalbergia=-Albizzia wo'odland savanna

450-600 1Short annual grasses and herbs " sYearlong in north 1¥lies and wet :Improve grazing management, esppecially
smoderate yieldings highly palat- tsouthern part toonditions in tin rain seaponjestablish perennials
table, eppeoially herbsy perennial 1vacatad after sgouthern parts iadapted to sandy soilsg prevent fires;
tgragses, wWhen present, unpalat- tearly rainssy all smoderate fire. :develop supplemental water, 1
tables moderate contribution from tlivestock{camels :incidence, and 1 Eg
tbrowse, sminor in south)  r1water shortage, 1 |

¢, Terminalia-Sclerocarya=Anogeispsup mixed deciduous woodland savanna

600~900 :Annual grapses and herbs; with :Dry season and tFPlienj firem tWork toward yearlong upej water develop~
' toccasional tall persnnial grassesj tearly rainsg tand water tment} increased atockings fire contrelj
sgood palatabilityj moderate yieldj :cattle, sheep, tghortage in dry iintroduce peremnials; improve manage—
tminor contribution from browse H sseapon ' tment, and feed minerals,
t(sheep benefit from leaf-fall : 1 T

tafter fires).
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: t : : 1

Rainfall :Type of Predominant Foragej : Season Usedj : Limitationss t Practiocal Approaches Toward
:FPalatabilitys Productivity t Kind of Stock 1 Problems 1 Potentiala.
t t 1 %

3 :Low Rainfall Savanna Special Areast
&, Tcposa area -—— mixture of varied miteam, eastern Equatoria

500=700 :Mixture of types of coarse peremn~ :Almost yearlongj i1Firej; game tFire control and water develcpment with
tials and short annual grasses and tcattle, sheep, 1compatitions 1grazing managementidevelop policy for
therbay high contribution from tgoats and game spreditors in sgame~livestock coordination, (an
tpalatable browsey moderate yields. tanimals. saome places. 1isolated area with complex of problems),

b. Hill Catena-mainly Nuba mountains and Jebel Marra massif,

400-~T00 :Mixed types of palatable and unpal= :Almost yearlong i1Temporary flood~ iWater spreading and establishment of

tatable perennial and short, palat— :except heavy 1ing of drain-— sgood perennials) brush control on deltas

table annual grasses and herbs with :rain period tages and hill tand low areag of water coursesj prevent

ta high contribution from browssjy H tbagesy flieas tfires,

smoderate yielding; extensive ] ifirey H

tecultivation, t tdeterioration, 1 i;

c, Baggara repsating pattern — alternating areaa of sands and cemented clays ~. ?:

600=T00 :Mixture: short and tall annual 1Dry seaacny tFire; partial t1Develop yearlong managementj control firej

tgrasses and herba of high palata=- toattle. and. i1floodingsfliess t1establish.Perennial forage speciess

tbility, and some perennials {in tsheep, tzome water tcontrol brushji develop digtributed watery

:placpss with prolonged period of t sshortage. treduce’ fly haszards,

:palatable green foragejmoderate 1 1 ¢

tyields. t : %

d. Réqaba repeating pattern——alternating types in southern Darfur and Kordofan

700=900 :Tall annual grasses and herbs and i1late dry seasoni 1Flies and wet tProlong use and inorease stocking through

tbrowse on main areas betiween exten— icattle, some tconditionss iwater development with fire contrel,
toive water courses and temporarily isheep, tfire; aome rgrazing distribution and management,
tflooded lowlands where palatable t swater short- taffective burning and brush control juse
tperennials grasses are green in dry tage in late tprophylactica and repellants, or control
tgeason) high yielding, t tpaasong :fliea,

H t tpraditors in t

t : 1some areas, t
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1 1 t ]

Rainfall : Type of Predominant Foragej t Season Used t Limitationsgs t Practical Approaches Toward
1 Palatabilityy Productivity + Kind of Stock Problems, 1 Potentials,

3 ! 1 3 ]
4 tHigh Rainfall Woodland Savanna:
a. Anogeissus-kKhaya=-Isoberlinia deciduous woodland savanna

900-1300 :Excellent tall perennial forage sLimited use by 1Fly hazardss 1Good poténtial for livestock) use
tspecies, remain green when grazed tliveatock and ssocial and tprophylactics and repellants for fliesy
:0r burneds high yielding (where tree tgama, tegonomic tallow for game use; maintain balance
tcompetition is limited). H 1factora. tbetween trees and grass on watersheds,

b. Woodland savanna. recently derived from rain forest

Above ! : ' .

1300 tExcellent perennial graeses with :Limited use by tTsetpe and other tEncourage livestock through suppression
talmost yearlong growing seasont tgame animals tbiting flies, 10f biting flies and use of prophylactios
thigh yielding where tree growth is 1 ) tand drugsj control woody growthg
scontrolled by fire,game grazing, H H] tmanage grazing and coordinate with l
tor cultivation clearancs. s H 1forestry and game, B

) D
¢, Flood plain ("high land", intermediate land, seasonal swamp, permanent swamp) , !
800-10C0 :Permanent swamp(small area): sYTearlongimoatly :Floodings flies, tMechanical harvest of foragej water

iperennial grasses, sedges, and icattle,|Seasonal
therbas of moderate palatability tgwamp, late

tcontrol in partsy control of
sunpalatable species (Fhragmites,

4
T
sand yield, Seasonal swamp {small 1dry measonj t tImperata, Cyperus)j/controlled burning,
:area{: excellent perennial grassesj :Intermedizate ]
thigh yield., Intermediate (over 80%): :land, early dry :
iperennials of mixed palatabilitys jseagon and 3
tgensrally good, Higher land tearly rainsj 3
:(minor): annuals and perennials, thigher land, H
spalatable and unpalatable, tmiddle and late :
%

t srain period),
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LA 1SF/sD/66/ 6

BUSH CONTROL IN SAVANNA DEVELOFMENT

G.W. Ivens
Bush Control Expert
Range Managemesnt Division .
of Minlstry of Agriculture and Husbandry
Naircbi, Kenya

The problem of bush encroachment

Savanna is essentially a type of vegetation in which a balancs is maintained
between a permanent grass cover and a variable number of itrees or shruba, INegular
burning is often an important factor in maintaining the balances, Any faotor
disturbing the balance by reducing the competitive power of the grass (e.g. 1Yy
overgrazingO or inoreasing that of the woody species {e.g8. by exolusion of fire) leads
t0 a thickening up of the trees and shrubve or bush=—enorcachment, ‘Continuing operation
of such factors leads, on the cne hand, to the formetion of dense sorub inacceasible
to grazing animals, and on the other, to moil=erosicn as a consequence of excess
grazing presaure on limited areas and deterioration of the grass cover.

‘Benaefits of dbush control

The principal benefit to be obtainad from controlling bush ia increased grase
preduction, mainly as a result of reduced competition for moisture, Few figures are
available on the magnitude of the grass response under African conditions, but in
gavanna in Rhodesia under an average amnual rainfall of 26 in., ringbarking of
Brachystegia and Julbernardia is reported to have increased the yield of air-dry
grase from 317 1b/acre | the average over 4 years) to 1300 lb/acre. In the U,3.,4A,
chemical control of mesquite in an area of 16 in. rainfall has almost doubled 1the
production of native graeses for a period of & years and the yield of a2 mown species
has been increased three times, Additional benefits from bush control are increased
ease of handling livestock in cleared areas.and, in some cases, eradication of poisonous
plants .

Methods of controlling bush encreachment

A, Biological sontrel
Contrel of bush by the introduction of phytophagous ingects has been spectacularly

successful in a few instances, notably against Cpuntia gpp, and Lantana. The beat
resulta are obtained vhere a single species (preferadly introducagj Fredominates over
a large area and the chances of success on the normally mixed bush communities of
Afrios may not be very great, Neverthelees the Commonwealth Bureau of Blological
Control in Trinidad is anxious to help in the development of controcl methods for any
important plant peat and the possibility should be borne in mind,
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Control by intensive browéing, normelly by goats, has achlieved limlted success
in trials in various parts of Africa,  Goats, however, do not appear to bes very
selective between bush and grase, and are only likely to bte of ugse on limited areeas
under conditions wherse the preportion of bush to grass ia high,

The encouragement of vigorously competing grass is perhaps the most important
method of controlling bush, This is more the provinoe of the range-management
specialiat than the weed scientist, but it is worth emphamlizing here that nc bush
control treatment, however successful, can provide a lasting molution to the problenm
without follow=up measures designed t¢ restore the vigour of the grass cover,

Bo Mre

In his Tecent review on 'Fire in Vegetation and its use in Papture Management'
Wast oonoludes that burning is much more effective in regions of high rainfall than in
more arid regions and on good soils than on poor solls, Bush species of the savanna
gonerally appear to be well adapted to surviving the effects of fire and, in this type
of country it is unlikely tbat bush can be permanently eradioated by burning, 4s »
msthod of kesping bush in check, however, and preventing its establishment in areas
vhere enoroachment has not yet become serious; vccasional controlled fires can be very
sffective, Burning is » trestment whick oan be applied for a low coat, but to be
successful a reast from grazing is necessary both beforshand and afterwards, Adeguate
firebreaks are an essential preliminary to burning and conteot herbdlcides pay be of
valus in preparing thess,

C. Chemicaln

The uss of chemicals %o control bush has the advantage over burning that no
preliminary loss of grazing is involved, Their main disadvantags im expenme, At high
sniough doses suocsssful oontrol of virtually all bush speoles is possidle, but in
rangeland only low doses are normally practionl eooncmically,

The chemicals mopt widely employesd have been the growth-ragulator tyfa
Rerbioides 2,4,5~T and 2,4-D, and on a much more resirioted scale, fencprop Silvex),
More recsntly plcloram has shown considerable promise againat csriain speoies resistant
to 2,4,5-T and 2,4, =D, and is already in use in the U.S.A, (not yet in rangeland) and

"Australia, Scil applied herbioildes, such as fenuron and moriuron have besn used on
a limited mcale for a few specific purpcses, but are generally more expensive than
the 'hormene' spraye and have the disadvantage of being non-selective for grasses,

Methods of applying chemicals must be adapted to ths situations concerned, For
killing trees, probably the most affective treatment is a bzgal bark spray applied
with knapsack-type aprayers, using diemel oil as a carrier, This method involves
relatively high costs in man=-power and oil, however, and is only suitable for
treatment of small areas, Foliar sprays applled from the ground are alsc limited in
their application to low growth on land suitable for the operation of tractor-mounted
sprayers or to the small areas whioch can be treated with knapsack eprayers,

The method of application which can be uged in the wideat rangs of situations
and which ia the moat suitable for use on large areas is merial spraying., Experience
in Africa is limited, but in the U.,S.A. aerial spraying of rangeland is done on a
very large soale and, in faot, represents the only extensive use whioh has been made
of herbicides for bush contrel in rangeland, Time of year and oclimatic oconditions
are oritical for good results with this type of application, and these factors vary
for different species and different chemicals. Much research is needed, therefors,
to work out the best treatment for each particular problem, but once thls has been
done, surprisingly low doses of chemical are often found ito be sufficient and the
treatment becomes economically practical, In the U,S.A, satiafactory control of
mesquite for 5 years or more can be obtained by aerial apraying at a cost of
$2,00-2,50 per scre, On Quercus bavardii (ehinnery oak) similar results can dbe
achieved for as little as $1,40 per acre,
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. Susceptibility of bush species io berbiocides varies with different chemieals, but
for all chemioala it may be expected that species with a large capacity to produce
shoots from below ground will be more diffioult to kill than those without, Unfortunately,
adaptation to withstand burning often involves a reoot suckering habit or a root crowm,
and savanna ppecies being commonly reslstant to burning are also likely to tend towards
resistance to herbicidea, Information is available on the susceptibility of a number
of bush species to 2,4~D and 2,4,5 =T. In general Acaciass are more pusceptidle to
2y4,5~T than 2,4°~D, and large trees are more suzceptible to basal=bark spraying than
swall {rees. Suckering species, such as A, hockii and A,brevispica can be readily :
killed to ground level, but often regenerate, Combretum spp. generally tend to be
rogistant, Commiphora spp., susceptible,

D, Mechanical control

Mochanical methods effective enough to give lasting control are very expensive
and can only be contemplated in potentially productive areas, as part of a program
of olearing, reseeding and intensive management, Contrel methods cheap encugh +to
be praoticable for rangsland normally involve additional treatment in subsequent years
in order to pravent repid regrowth., The cheaper methods are perhaps hest considered
es preliminaries, helping to bring the area into a more suitable condition for burning
or applying herbicide, . Thickets, for example, must normally be cut if they are to be
burnt satisfactorily and cutting is also likely to he necessary to provide accese to
ground=-sprayers, There is little evidence, however, that the results of aerial spreying
are improved by preliminary mechanical clearing, and with some types of bush, there is
even a danger that mechanical contrcl measures may make subsequent chemical contrel mors
difficult by encouraging coppice formation,
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LA: SF/SD/66/7

ANIMAL PRODUCTION AND SAVANNA AREAS

M.H. French
Chief, Animal Preoduction Branch
Animal Production and Health Division

Animal production levels are conditioned primarily by the mutritional plane of
the stock and, in the extensive regions covered by this meeting, are frequently jeopar—
dised by the shortage or the unreliability of rainfall, These wvariable precipitation
rates create alternating periods of livestock subsistence and productivitiy during the
dry and wet geasons respectivelys prolonged droughts occasionally disrupt animal produc—
tivity patterns and may ocause a widespread decimation ¢f rmumbers. In such environmental
circunstances, contimious or scasonal migrations are so necessary to find feed and
water for the flocks and herds that tribal leaders often carry tremendous responsibilities
for their own and their followers'livestock. Both in truly nomadic and in the varying
degrees of transhumance husbandry systems, animal movemente are govermed by traditlion
and ancient agreemonts tut may also he effected locally by the verbal reports of the
fodder situation in a particular year or district. Modern radio and transport systems
help alleviate some of the effects of adverse climatic conditions but migrating flocks
and herds are no more secure today than they were in the past.

Fomadic and transhumance systems are ftraditionmal adjustments to fluctuating forage
and water supplies and only an extreme mobility can sometimes preserve the flocks and
herds. Howeveor, high amblent temperatures and incident solar energy loads induce
vhysiological gtresses, In fact, the survival of indigenous species depends primarily
on them heing sufficiently adaptable to be able to adjust toc the local rutritional,
management, health and physiological circumstances. With incremsing aridity, for
example, livestock become more important than cropa and smaller specles tend to replace
the larger cones which aye generally more productive or faster growing under more favourable
enviromments.

The normal practice is to accumlate livestock yumbers es visible symbols of

wealth and as insurance against periodie holocausts which cccur when rnumbers become

. excessive and which are induced by disease, parasitism or a seasonal failure of grazinga
and water supplies. The retention of aged beasts in the herd is deliherately based
on the knowledge that such older animals have usually recovered from and developed some
immunity to intercurrent diseases, Such clder cows may reproduce less freguently than
younger animals but they do provide an insurance against recurrent disasters. This
retention of older animals and of mature males, in excess of those required for
breeding or work purposes, together with relatively high mortality rates of young etock
result in herd compositions which are very different from those in developed areas.
Any attempt to improve pastures, feeding or management conditiona must be associated
with a change in herd compositions if their maximm productivity ie to be realised.
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So far, this discussion bas perbaps referred more to cattle than to other livestock
8o 1% is essential to mention that as feeding conditions deteriorate the size of the
purviving cattle may be reduced. Beyond a certain peint, however, cattle give way to
sheep and goats and eventually,in severe enviromments, only the much maligned but resocurce~
ful goat can exist on the grasses, weeds and shrubs of the lands previocusly ruined by
avaricious cultivators and their larger stock. Experts from developed zones, when
advising the peoples of less developed regions, often ¢ver—emphasize catile in areas
where the smaller ruminants would be more appropriate and pay lip service to the vocif-
erous, though often unfair,condemnations of the goat. The existence of feral herds in
other varts of the world in harmony with their vegetative surroundings supports the view
that it is its mlsmanagement and not the goat per se which has proved so inimieal to
certaln surroundings.

Goats are more rustio than sheep but, when selected breeds are properly fed, they
cutyleld sheep and rival certain cattle breeds in milk production. BSome African goat
breeds, such as the Red Sokoto, have Justifiably acquired a world reputation for the
leather producing value of their skins., In other cases, pituitary, chondrodystrophie
or mirxed types of dwarfism cause reductiones in the body eize of goats.

African sheep vary widely, asccording to breed and environment, from fine to ccarse
woolled und from woolled to hair breeds, from meat to milk producing strains, from
Tat=talled to fat-rumped and to thin=tailed types. Perhaps the black-headed Persian
sheep from Scmalia have the greateat potential in the areas covered by this meeting,
provided a too heavy worm burden im not encouraged by wet conditionms,

Humped zebu catile are mdapted to a higher temperature and more intense molar
radiation range than are the humpless typea. Although there are breed differences in
heat tolerance, ecoclogical distribution and productive potsntials, no sharp line
demarcates Bos indicus from Bos jaurus in eccnomio potential, Size varies with seil
fortility and level of nmutrition while unfavourable conditions may cause stunting.
Many wellknown breeds of cattle ocour in the mreas covered by thim meeting = e.g.,
the Kenana, the Shuwa, the Foran and the Jidda.

Poultry contribute muich to the nutrition of the people in Africa through their
Yields of eggs and meat., They are widely distributed in small, fres—ranging units
while large scale, modern, intensive, commercial enterprises are now belng developed.

Iivestock industries in developing countriea are mo diversified ithat no single
measure can be universally applied for their smelioration. Each requires individual
attention, In addition industries have not expanded at the same rate as have other
branches of the national economy and there has been significantly less attention
deveted to their advancement, Animal production is in fact the Cinderells of agricultural
aotivities in spite of the ever—increasing demand for animal proteins to meet human needs.
This is possibly because so much of the products are consumed in the country and so little
surpluses have not been surrcunded by the glamour attached to other more spectacular
sndeavours. Unquestionably im much of Africa, animal production activities ars antiquated
and ineffieient but,nevertheless, could be greatly improved. Thus, there is a need to
educ: ‘e slock-ovners in modern methods, to ameliorate managment and mutritional levels
and to organize systems for the collection and marketing of their produce, Whereas
in developed countrieas proeducers are contimially challenged by the quality of their
producte, in developing areas it is the actual availabllity of these foods which is of
raramount importance so that lack of technical knowledge must not interfere with
livestock developments. ZProgress in animal disciplines must be based on a careful
ptrategic planning in the particular environmental c¢iroumstances,

It iz sometimes stated that it is easier to induce developing countries to expend
larger sums in expensive indusirial enterprises to serve as sgtatus symbols than to
devote serious attention to the more prosaic animal production activities. Animal
production is not an entity but a complex of several sciences (mutrition, physiclegy,
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genetics, etc.,) in combination with a wide variety of management practices, feed
gsupplies, market opportunities and soclal requirements, Even a simple livestock problenm
may involve a rumber of specialists while the frequent lack of precise and reliable data
is complicatad by customs imposed by different faithe and traditional habits.

The lack of trained animal productionists in developing countries 1s dsplorable,
Attenmpts are made to disguise this by referring 4o the ayailable rumbers of agricultural
end animal health graduate, and non-graduate staffs. The truth is that the key ito
development is sufficient people trained at all levels but there are extremely few persons
trained to the required grades in animal production subjects., True animal husbandry
thus remaing a pawn over which agriculturalists and veterinarians continue to struggies
hence its teaching has been largely neglected due to lack of facillities and ataff.

What is urgently needed are the means to train (a) relatively few advanced or degree

course students regionally (b) a larger number of animal husbandry extension workers

in their own country ard (c) farmers in their own districts in shori-term local require-
ments, Only when these facilities can be introduced will there be any hope of being

able to break the vicious circle derived from a combination of poverty, ignorance and an out—~
nmoded reliance on traditional systems. ;

Parallal with such an oducational drive phould be a determined attempt to introduce
regular and organised livestock marketing practices. Irrespective of consumer demand,
if marketing costs represent too high a proportion of the final prices, production may
be uneconcmic except on a subsistence basis. Equally, if meat vendors, butchera and
middleman dealers take too high a share of the final price of meat, the sum offsred
to producers may he an insufficient incentive for them to sell. Inadequate attention
hag been devoted tc such marketing difficulties and insufficient has been done to
eatablish auctions on the hasls of grade and weight, to licence traderas, to control
the movement of siock along stock routes possessing the neceasary quantities of feed and
water, tc establieh holding grounds and to break eximting trader and bufcher rings.

More accurate statistics of livestock populations and productions are required
before improvement policies can be based on reality. BSuch figures are dull and in
the early estimations are highly divergent. Statistical data is eschewed by many
but is the tegting stone of Government and private activities. Unfortunately, ocwners
are often so suspicious that the date supplied by them is highly suspicious.

Many out-moded traditional husbandry patterns persist, sometimes in close jurta-
position with developing intensive units, but to increase their productivity the disease
situation must first be assured. Improvements in feeding, management, breeding and
marketing then follow logically. There is, however, mo point in saving animals from
diseass if their mumbers so expand that starvation deaths intervene so as to redress
the balance wlth the mutritional plane.

Normally the bhetier—watered and more fertile soils have been cropped under
shifting-cultivation systems to permit soil regeneration, Increasing population pres-
sures have necessitated an expansion of these cultivated units inte sites formerly
reserved for grazing, With this removal cf their better grazings, livestocks have
been forced on to diminishing areas of poorer productivity. Thie consequent overstocking
has caused unfortunate changes in the wvegetation of the grazing reserves but it ig man
and not his animals who i= responsible for this degeneracy. Instead of shouldering his
responeibility for this damageyavaricious man has blamed the goat because this has been
the last domestic animal to wrest a living from the devastated areas. These nmutritional
limitations had to multipurpeose stock and limit profitability but reduce risks,

As would be expegied from the previous paragraph the firat factor which claims
attention, once relatively disease-frse pockeis have been developed, is the need to
ensure that the animals 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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rations according to the level of production. Ususlly the system of management involves
confinement at night without feed or water. This should be changed 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 muat be constanily
adapting to the evolving husbandry circumstances.

It is axdomatic that the acquierition of aclentific knowledge exceeds the rate
at which it can be applied but, in spite of this, kmowledge of feeding values, systems
of feeding, livestock requirements at different ages and levels or types of production
all need investigation in relation to costs and profitability. Rarely, however, do
mitritioniets get requested by Governments seeking livestock help, yet these are
fundamental to any other type of animal productionist,

Systems of management are often closely integrated with nmutritional regimes but
mch information is needed for all types of livestock, with different feeding systems,
in different seasons and at varying ages and levels of produetion. Considersble studies
are roguired bearing in mind that it is productivity per hectare and not per animal
that is important.

Because of exposure to adverse condltions for long periods of time, indigenous
stock may exhibit low rates of growth and production, QOrowth may however, be resumed,
after intervals of subsistence, to a greater degree than is possible in more earlier
developing improved breeds. Indigencus stock have developed in harmony with their
environment and their physiological, heat adaptive reactions to ambient thermal strespes
may be superior to those of higher yielding exotics.

Aa g result of segregations in accordance with existing nmutritional levels many
local breeds have been imolated. Sometimes their produetivity reaches such low levels
that a demand is made for their improvement. Far too frequently those concermed with
the improvement of indigenous species have sought this by substitutions for or orossings
with high yielding breeds from other areas, without concommitant augmentations in the
mitritional and management practicea, As might be expected the resultise heve led to
fajlure. At the same time, past emphases on pedigrees have loat their significance to
gome extent because selection is now increzsingly made according to productivity and
the ability to transmit this character to their offspring.

Whereas meat production mist remain largely an extensive operation, there will he
increasing opportunities {0 produce wveal and baby heef in intensive peri-urban units.
The economics of such endeavours need study. Milk production is also an intensive peri-
urban activity which is rapidly being encouraged. Further out from the consuming
centres will be farmers producing milk for butter, cheese or ghee, 'and these dairy
activities need study and encouragement. Pouliry production near the towns for seggs
and broilers is heing intensified and will never displace the need for extensive small
units in the more remote villages.

Much of the African continent mseds to re—orientate its thinking on animal
production. Thias is a long term process but a start must be made in the collection of
the basic information on which to organise the necessary changes. BSuch data may often
firat be collected through Special Fund projectis so that instead of the exclugion of
thesa activities, as has so often occurred in the past, efforts should be made 1o
encourage their inclusion. Should this be done it is esaential, however, 10 realise the
greatest difficulty involved, namely with cattle, With these animals, the growih rate
and productive cycles are such that it is not possible to test the progeny of any
breeding activities within the space of a 5=year projects Thia can be done with the
smaller farm livestock and with poultry.

Pada and fancies musi be discarded and new and more realistic concepts establighed.
Problems will then be capable of solution without prejudices and in the best interest of
all concermed. Having defermined animal improvement methods by investigation, it is
essential to have adequate animal husbandry extension services in operation to ensure
that the findings are translated into practice. Thias requires sound systems for teaching
the various staffs involved.
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ANIMAL HEALTH AND ITS SIGNIFICANCE IN THE DEVELOFMENT OF
SAVANNA ZONES

E. P, Iaindley )
Team Leader, UNDP Project/NEARI, Sudan Unit

The method of stock management at present practised in the savanna regions
- under discussion is "extenaive" and is a method of husbandry which has been carried

on from generation to generation for centuries, usually independent of crop farming,
The level of production of meat and milk under this form of pastoralism is very low
but has sufficed to maintain the people dependent upon it at n subsiastence level.
It has survived vicissitudes of the olimate and ravagea 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
which spread across their part of Africa in the 1890's, decimating the cattle popu—
lation and causing muoh human misery.

The major digeases of stock kept in this traditional fashion are the "epizootic®
disemses. These are the diseases which are easlly transmitted from animal to animal
and spread over an area in waves. Some may produce a high mortality, especially
following the initial onslaught onto = fully susceptible animal population, for
example Rinderpest (cattls rlague), whilst others, e.g. Foot-and-Nouth disease,
although no less dramatic, may not cause a high mortality,

Trypancgomiasis, generally speeking, has not been a serious hazard to stock
because, in this zone, the tsetse fly is limited in its distribution to certain areas
and the herdsmen have learned to avoid these '"islands™,

Diseases caused by both internal and external rarasites are not generally of
major importance in this form of pastoralism, although in certain localities under
certain perhaps exceptional conditions, losses may be very serious - for example to
Liver Fluke disease and Haemonchosis. The same comments apply to diseases of bacte-
rial origin such as Anthrax, Blackleg and Haemorrhagic Septicaemia. Diseases caused
by the protozoa, some of which are spread by ticks and other vectors are usually
debilitating rather than killing but these can be serious in young animals for
example Coccidiosis. However, the overall effect of all these diseases is to reduce
8til) further the low productivity of this method of husbandry.
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It should be understood at this gtage that the eplzootic diseases by and large

" gan he controlled and are being controlled and in most cases the means to eradicate

them are also known and have been successfully applied in some countries, Matters

of cost and practicability (communications, technical staff, legislation, socio-
political factors ete. ) often stand in the way of implementation. It should be noted
that Rinderpest eradication schemes financed by bilateral aid agencies are at present
being conducted in several African countries which contain areas of savannsa,

Attention must be focussed on another factor to be considered when assessing the
economic basla for the eradication of, for example, Rinderpest. This is that "no
country free from Rinderpest and situated outside Africa will accept the import of
African meat sc long as the risk of Rinderpest remains® - 3z quotation from the Final
Report of Phase I of the 0.A.U., Scientifio, Techriical and Research Commission Joint
Campaign against Rinderpest (I.B.A.H. Vol. 14. p. 193), The presence of other cattle

diseases may also hamper the free international movement of stock or meat.

The demand for more animal preotein or other animal products consesguent upon
urbanisation or expanding export markets foroes changes upon the rustio scene, the
overall effect of which is a change from extensive to intensive animal farming. The
herdsman can no longer plod his weary way — he must take positive steps to ensure
that his animals are productive. It should not be necessary to add that the farming
community are most conservative and it is difficult to change their way of life and
traditional views., But they will change and guickly if the incentives are there.
Indeed increased animal production motivated by fundamental economic demand, can be
a major facgtor in getting the farmer out of the rut of a subsistence economy. The
education and re-orientation of the farmer for thia new role will be gtressed by
other speakers at the conference.

The changes from extensive to intensive animal farming alter the piocture com-
letelys; animal dissase control becomes an even higger responsibility of Governments.
It now becomes essential, not only to contain epizcotiecs but to take more dynamioc
action to control them with & view to eventual eradication. The main spizootic
diseases to be considered in this context, but, by no means a complete 1list, are
Rinderpest and Contagious Bovine Pleuropneumonia of cattle, Blue Tongue and Fox of
sheep, Newcastle Diseases and Fowl Plague of poultry and Contagious Caprine Pleuro-
pneumonia of goats.

With intensive stock keeping the losses caused by epizootic diseases become of
much greater economic consequence as high grade stock of improved productivity are
involved. The Government and its agents have an increased responsibility to see that
their plans and the farmers' prosperity are not jegpardised by calamitous scourges.

Unfortunately, with more intensive methods of stock keeping which involve
changes in management, fencing, housing, feeding etc., other animal diseases may
become of much more significance than they were under extensive management, espacially
internal parasitism, tuberculosis, brucellosis, mastitis ete, Due to changes in
feeding methods, enterotoxsemias, deficiency diseases and other mefzbtolic disorders
may become more manifest and of considerable importance, Some of these diseases may
also be significant as communicable to man {zoonoses) and thus be a source of danger
to the animal ovmer himself - e.g. Brucellosis,and calling for speecial measures in
theilr control out of proportion to their veterinary importance.
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It would be morally reprchensible for any group of planners to persusde animal
owners to change their way of life, invest in new methods, develop improved stock
with all that is entailed and not to make adequate provision for extension services
to deal with these diseases.

What does this mean for the planners? It means that, whereas for present con-
ditions a fairly =imple animal health field service is all that is required to cope
with epizootics, in any development scheme involwving changes in animal production
methods, eapecially where intensive productlon is aimed at, whether it be poultry,
pigs, sheep, dairying or beef production, & properly organized field extension
service is necessary; this must be capahle of quick recognition of aenimal diseases,
have faocilities for confimmatory laboratory diagnosis and follow up remedial metion,
Good commnications are essential for these services to be effective.

It is no use expecting an already "stretched" field animal health service which
has been designed for gquite a different purpose to suddenly cope with half a dozen
new specialiged animzl production projects.

The problems confronting the animal production industry which have been men-~
tioned here should not be conaidered sufficient tc deler development and they can sall
be overcome as long as the plans contain the means to overgome them. Thers have
_bean enough falilures to show the pltfalls and there is no expuzme for being blind 4o
animal production and health problems; there is a wealth of experience to call upon.
The answer Lo many of the disease problems is known, only the application has to he

planned and prganized.

As rezards disease hagards to animal production, timely planning can avoid
disaster in the savanna reglons. Man cannot be divorced from his livemtock and any
plan for development of man which excludes hig livestock is unbalanced and will
founder. However, the sconomic basis for animal production must be present - once
thig is established the economic basis of disease conirel becomes apparent. It
Ypays" to keep animels healthy,it pays even more if these snimala are really produc-
tive,

In conclusion savanna. development projeets should include animal production
schemes and provision for education of the farmer in the new methods of management
required. This will entail the establishment of pilot projects to demongsirate the
soundnegs of the schemes and to ensure that any initial losses are borne by the
Government. Also in the original plamming the provision of trained technical person~
nel for the additional extension and advisory animal production and health services
(on the spot and not miles away) will have to0 be considered, These services require
apecialized egquipment and facilities tc enable them to function efficiently.

Such development plans should be drawn up after consultation and in cooperaticn
with the various specialized agencies and Government technical deparimenits which are

involved.

The savanna regions have a potential for animal production and it is up to the
various CGovernments *o develop these resources to increase their countries? wealth

and their peoples' well-being.
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FURTHER RESEARCH NEEDED FOR CONSERVATTON AND
DEVELCPMENT OF THE SAVANNA HABITAT

P.Eo Glover
Consultant .
Plant Production and Protection Division

Introduction

Aocording to Hopkins (1965) 'Savanna is a type of vegetation oconsisting
predominantly of grasses which are usually burnt anmually. In addition to the grasses
and other herbs, trees and other woody plants are normally present'.

This is the interpretation generally accepted for mavanna in West Africa dut
the definition for savanna given by Kenneth (1963) i@t 'Subiropieal or tropical -
grasaland with xerophilous vegetation and scatiered trees; <transitional zone between
grasslands and tropioal rainforests’. The term is derived from the Spanish word Sabana,
meaning graseland.

In Eapt Africa, the Rangeland Clapsification Committee has rejesoted the ternm
'savanna', in favour of the more precise terms 'grassland', 'woodland', 'wooded
grassland', 'bushed grassland', etc. (Pratt et al 1965).

A great deal of research has been conducted in the past 50 years in the vast
areas of savanna oountry in Africa south of the Sahara both from the agricultural and
pastural aspeots., Refersnce to the UNESCO Vegetation map of Africa gives soms idea of
the extent of savanna in this continent.

Cultivation and fire are unquestionably the major factors responsidle for the
formation and maintenance of savanna country, because bush fires have exerted so
profound an influence on the vegetation of Africa for so long that fire has become an
important limiting* factor almost equal in its effect io topography and olimate.

This has resulted in the development of special fire-tolerant communities of
plants and animals whioh are dependent on periodic burning for their existence., Two
examples of these communities are the open grasay plains and savanna woodlands of
tropical and sub=-iropical Africa.

* 'The presence and success of an organism or a group of organisms depends upon a
- complex of conditicns. Any condition which approaches or exceeds the limits of
tolerance is said to be a limiting conditicn or limiting factor'. (Odum 1959).
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Although bush fires encourage the formation of grasslands, untimely burning
exposes the scil to desicoation and eromsion, the results of which are all too evident
in the Cuinea gones of Weat Africa and the plaine and woodlands of Eaat Africa,

Bofore man learned to use fire as a tool, burning of the vegetation must have
occourred only occasicnally as a result of lightning or spontanacuas combustion in places
where large amocunts of dry organio matter had ccllected,

In the last two thoupand years, however, the sccial develcpment of human
communitiens and recently the invention of the safety match have accelerated the effaectis
of fire upon the Afrioan landscape, devastating the fire—tender forest edge and dry
bushland., This process has in turn bteen assisted by shifting cultivation accentuated
by a sudden and disastrous rise in the human population of Africa in the past 50 years.

Phillips (1965) reviewed exhaustively the influence of fire on the biocolimatio
regions of Trans—-Saharan Africa and descrided various aspects of research work oarried
out up to the present time in different parts of Africa. .

Deflected sub=climax communities = The savanna regione of Africa are communities
of plante and animals whick have been 'deflected' from their normal course of ecological
suocession by the influences of cultivation, fire and grazing, exerted individually or
oombined, soc that savanna communities dependent on theee factors for their existence
oan hold the position of 'defleoted sub-climax asscoiations or associes' (Weaver and
Clements 1938) without further deteriocration, :

In these savanna ocommunities as in all living societies, there 1s perpetual
oompetition for survival between individuale and an incessant striving towards a more
highly organized type of assccoiation in which the components are in equilibrium with
ona another under similar olimatic and soil conditionay but this equilibrium can be
maintained in a deflected sub-climar association oaly so long as the deflecting
influsnces (firb, ato.) gontinue to be sxerted o an optimal degree. VWhen these factors
cease to operate, development ls resumed toward the normal, more stable climatic climax,
be it thicket or forest (Lester in Glover 1961). ¥hen the deflecting factors become
gver-accentuated deterioration sets in, resulting in lower and more primitive tynes of
Yiotio communities and sventually, complete deatruction followed by desert. Therefore
fire alone or coupled with contreclled grazing car be a momst destructive influence or a
very valuable tool in managing woody regrowth in the grasslands and open woodlands of
Africa which form the momt valuable range lands and stock producing areas of the continent,

Even as early as 1936, Swynnerton showed that in Tanganyika the exslusion of fire
from a block of country for 10 years caused a thickening of the vegetation and the
disappearance of the tsetse fly Olossina swynnertoni -~ a savanna fly related to U,
morsitans which inhablts vast areas of savanna country in tropical and sub=tropical
Africa, but in turh an encroachment of C. pallidipes, which is a thicket inhabitant in
that area, tock place,

Swynnerton's findinga have been clearly confirmed many times, Another classical
example was that of a forest reserve near Kaduna in Northern Nigeria where several blocks
of Iscberlinia woodland received various degrees of protection from fire for a period
of more iban 20 years. In the section which had been completaly protected, there was
a genoral densification of the vegetation and patches of thicket with numerous oreepers
kad formed. The block that had besn burnt at the end of the dry season every year was
almoat completely cpen, tufied perennial grasses were dominant and only a few fire-resistant
trees with blackened trunks remained - dead, charred stumps were numercus (Glover 1961),

Fire-tenderness = Fire-tender plants are those which have ndt developed a
resistance to burning. In most instances the reason is that they are members of plant
oommunities which are not normally affected by fire because of thelr density or lack
of undergrowth, or because they balong to humid forest communities wherae burning can
make little headway wnaseisted by man. The most vulnerable plants are thoass in the
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'marginal' rainfall areas whers thicket and sorub is the dominant 'climax' vegetation
with low perennial graas cover of the types found in the drier bushlands of East Africa,
suoh as those in the Tsavo National Park and the Sudan zone of Northern Nigeria

Fire-resistance = Many plants have acquired a permanent resistance tc fire over
periods of thousands and perhaps millions of years. Oood examples of these are
'geophytes' which have developed large underground storage organs having only slender
ephemeral aerial parts which are most conspicuous in fresh green growth shortly after
the grass has been burnt and the ground appears %o be otherwise bare or ocarpeted with a
short fresh flush of green sprouting perennial grass.

: Classical examples of geophytioc fire-resistant planis are Courbonia glauca
_(Klotsch.) Gilg and Benediot which is common on parte of the plains of the Mara and
Serengeti areag of East Afrioca, In the wocdlands of Scuthern Tanzania Cryptosepalum epp.
appear as perennial herbs only a few om high but below ground there is a stout rootsiock
like the trunk of a small trea with widely spreading branches and only the tips of these
appear above the surface. In this same woodland there are alsc dwarf species of
Combretum, Gardenia and several plants which have taken to a geophytic habit apparently
an a defence againat perennial grase fires, :

In addition, there are intermediate stages shewn by many savanna irees which are
able to assume a geophytlo form, maintaining only a small stem above the ground which
oan often be mistaken for & eeedling but having a stout root stock beneath the surface
shewing numerous fire scars. The writer has counted as many as 75 growth rings from a
rootstock of this type whioh had no more than a small stem 6 = 10 cm high shewing above
the ground in Brachystegia - Iacberlinia woodland scuth of Tabora in Tanszania, '

There is, therefors, much evidence indicating that many savanna tree species are
suppressed at ground level by perennial fires until a lapse occcurs of 2 or 3 years
without fire when they are able to grow tall enough to withstend being razed to the
ground in subsequent years.

(lover at al (1955) doing transect countg in the Abercorn distriot of Northern
Rhodesia in Brachystegla woodland in which the grass was burnt perennially, found that
more than 75 percent of the potential tree population was between 0-3 feet (1 m) high,
there were markedly fewer plants in the 3-6 £t (1-2 m) and 6-12 £+ (2-4 m) height groups
and little difference in the numbers in the 12-25-50 ft (4-8-16 m) height groups,
indicating that plants between 3 and 12 f1 (l=4 m) in height are most vulnerabdle to
grase fireas, Most of the planis less than 3 ft (1 m) high had stout root stocks &t
ground level or just below, shewing numercus fire scars. Very few true seedlings wars
found,

Later Glover (1965) working in Tanzania in ths Serengetl National Park found that
of 5,777 plants of various iree species counted in a series of 10 belt transects 5 miles
apart in the %50 miles tetween Sercnera and XKline s Camp, Tl percent were less than

£¢ (1 m) talljabout 8 percent were 3-6 ft (1-2-m) highj about 10 percent 6=12 ft
2=4 m) highs adout 9 percent 12~25 £t (4-8 m) high and only about 2 percent were
taller than 25 ft.

Here also many of the trees in the 0-3 £t (0-1 m) group had stout root stocks
at ground level shewing signs of repeated burning and there were very few seedlings.
Fmphaaising the point that most of the small plante in theae areas which appear to be
seedlings are not but merely regrowith from underground fire resiatant stems.

These investigations indicated that although fire can have a most destructive
effeot upon woody vegetation, many plants have acquired a temporary geophytioc phase
whioh permita them to survive for many years in spite of having thelr aerial parte
scorched off repeatedly until, because of drought, over-grazing or both combined, thers
comes a period of 2-1 years with no fierce fires when these plants are able to grow to
a height of more than &§ feet and big enough to be safe from burning. Nany of them also
develop thick corky bark as a further protection against fire, '
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This ability of many woody plants to survive under ground and regenerate quickly
when given respite from fire of a few years is one of the reasons why regrowth is so
difficult to oontrol in overgrazed country,tsetse conirol clearings and areas of
graesland protected from fire.

According to the East African Rangeland Classification Committee (Pratt et al 1965)
'Rangeland can be regarded as land with natural or semi-natural vegetaiion which
provides a habitat suitable for herds of wild or domestic ungulates. Therefore, the
greater part of Bast Africa is rangeland. In other words, East Africa including Central
and Southern Africa is mainly savanna couniry.

The same applies to the Northern Quinea, the Sudan and the Sahel zcnes of
Weat Africa although compared with other African savanna zones, wild ungulate life is
virtually extinot in YWest Africa,

It is thersfore, from the rangeland aspest that we ahould conasider the possibilitiles
of further research for the conpervation and devslopment of ‘the savanna habitat in Africa,

Suggestions for future lines of researoh — It has been mentioned previously that
nuch krnowiedge on the management of the savanna regions of Africa has been acquired in
the past 50 years = s0 nmuch in faot, that if no further progress were made there is
enough information available cn fire control and other forme of range management to deal
with any rangeland problems that might arise except for the gresatest limiting factor of
all which we seem lesa able to deal with now than we were 50 years ago, and that is the
human factor. )

More than 30 years'! experience in Afrioca makes me belleve that all the future
research in the world will have no beneficial effect in Africa without the disciplined
co=operation of the looal inhabitants encouraged and supported dy their politiciana.

Thias all important matter muat take preacedence in any present-day plans or
recommendations for further research in the savanna or any other agricultural regions
of Africa. Scientific knowledge is valueleams without effective adminiatrative support,
Control is the wital factor upon which the future of true develcpment depends.

The second most impertant factor - again a human one — is immediate control of
an exploding human population. Again, unless the present rate of increase of the peasant
population of Africa and the East can be checked to a controllable pace, all innovations
and modern methoda of research for their welfare and the development of their natural
rescurces will be utterly useless in terms of the destruction of the habitat and the
consequent humapn suffering that will ensue. L

At a MEETING of Bxperts on Trypancsomiasis in lagos in September, 1963, the
importance of these problema were fully realized and it was agreed that a MISSION should
be formed conaisting of experts on rural development and scclo-economics to review with
local experts <the areas of different economic potential in Africa within the limits of
the Glossina zone in relaticn to known techniques of trypancascmiasis control,

The MISSION would alsc asaess the possibilities of success or fallure in
trypanosomiagis eradication or control schemee considered as integral parts of
davelopment plans, especially in the context of new trends resulting from the emergence
of independent African nations.

No MISSICN haa so far been formed nor does there meem to be any likelihood that
such a body will appear in the immediately foreseeable future.
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Bearing thene depressing facts in mind, because they are true ecclogical limiting
faotors, my suggestions (for some of the more obvicus lines which require further
romearch) in the savanna zones aret

1. -Prolonged investigations on the effects of fire, grazing and browsing on all itypes
of savanna country ranging from freshly felled forest land being prepared for oultivation

to open, long-established grasslands.

L. Cook (in_Phillips 1965) giving a brief description of some graesland burning
experimenta carried out over a period of 30 years at Frankenwald, the Universiiy of
Witwaterarand experimental farm in the Tranavaal in South Africa stated that after
30 years, the greatest alteration in the composition and quality of the vegetation wae
- in the control plot which had been protected from fire. There was more bare ground
between the tussocks and there were more dicotyldons present. In the plots that had
baen burnt annually, there was practically no change = indicating that annual burning
had kept these plots in a stable condition.

Using the words of Phillips, despite the dread danger of burning when it is ‘
feckless, wanton, casual or accidental, there are great possibilities for its use as a
tool in the management of the pavanna regions of Africa and these posaibilities require
much more study in the future, particularly the timing and frequenoy of burning in local
environments.

2. In order to gain a better understanding of the reactiones of the plants themselves
to the different disturbance factora mentioned above, more intensive work on their root
systems is required,

A great deal has been done on the root systems of plants in America (Weaver and
Clements 1938} but very little has been carried out in tropical Africa beyond the work
of Glover (1950-51) in the Somaliland Protectorate and more recently in Kenys by officers
of the East African Agriculture and Forestry Organization. It has been found that
various planta have different typea of root aystems adapted to .the needs of their
particular niche in the environment. Some are deep-rooted, others have shallow roots
with a wide lateral develcpment and yet others have both deep roots and -widely developed
lateral ones. :

- According to Owynne (in Davies and Skidmore 1966) a careful study into the degree
of grass root activity within the top 4 feet of soll im urgently needed and into the
rols of the deeper roots under oonditions of adequate water supply and in times of drought,

Further, the importance of variability of soil depth and the rooting habitp of
graesland plants in determining the species composition of thase grasses is just beginning
to be realiged.

In addition, Gwynns pays that more work on the physiology of growth of tropical
grasses with particular reference to root development and the effects of watar siresa
should be a high research priority.

Dougzll and P.E. Glover (1964) made chemical analyses of Themeda trimndra Forsk.
and Cynodon dactylon (L) Pers. at different stages of growth after burning and mowing
and demonstrated that the green leaves of Themada triandra are a detter source of protein,
caloium and phosphorus than either the older or bulked foliage of that plant. This is
one of the reasons why both wild ungulates and stock prefer to graze freshly shooting
grass after a burn than that in the taller more mature award,

Therefore the study of the nutritive value of important grazing and browse plants
is 4 very profitable field for further researoch. .
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3. Another aapect whioh requires cloaer inveatigation is the use of land for
subasistence agriculture when it could be put to far better use as rangeland for the
production of meat and milk eapecially when it liea bare and unprotected under the hot
desiccating sun for months in the year followad by flash floods that result in erosion
during the rains.

4, The possibilities of using all suitable parts of the savanna regiona to the beét
advantage should be investigated in detail on the following linest

{a) by mapping vegetation and soilsy
(b) by meleoting and locating grazing areas;

{c} by working ocut a general policy for the proper use and conservgtion of
grazing land including wet and dry season alternation of grazing and the use
of swamps for both pastoral and arable purpcses. Research into the traditional
tribal movements might be rewarding in this context based on trial and
error experienced over countless yearsj

{4) by introducing methods of pasture improvement and management with special
reference to stock carrying capacities in different conditions of ¢limate
and goily '

(a) to investigate and improve water resocurces and requirements when theae
ATe NecessArY}

(£) to investigate the posaibilities of integrated pastoral and arable land
use in areas where it seems feaaible,

5 The congervation and use of wild life resources muat be atudisd as an integral
part of savanna research.

This work must include management plans for national parks and game reserves to
ensure the preservation of variety in the habitat by controlling bush fires and regulating
the numbera of different speclies of animals to the carrying capacities of the ragions
concerned. In some national parks, such as Teavo in Kenya and Murchison in Uganda,
overstocking of elephant coupled with uncontrelled fire is dbringing about disastrous
ohanges in the habitat. The same is starting in the Serengeti.

The causes of such situations and posgible remedial measures require iurgent
investigation.,

The control and proper use of existing wildlife resources is perhaps the most
pressing problem facing Africa today apart from human overpopulation,

Before the introduction of domestic stock and the imtenaified agricultural activity
that feollowed, the memi-arid arsas of Africa were comparatively stable ecolegically
although they supported large herds of wild ungulatesz, but because of extreme fluctuations
in rainfall distribution, high temperatures and sparse distribution of water these arid
areas are vulnerabls to desolation by desiccation and ercsicn under continued in contraast
to pericdic shiftiing stocking.

Sir Julian Huxley, writing in 1961 on Central Africa, observed that a large
proportion - probably over a third of the country - consists' of marginal land that
constitutes an ecologically 'brittle' habitat which readily deteriorate - and loses
productivity under cultivation or the least degree of overgraszing.

Praser Darling in 1960 and Ledger in 1964, have demonstrated that wild animals
under 'natural' conditions are normally in a state of comparative balance with their
habitat bescause they have a wide range of feeding and other habitas, ac that among the
different species each one fits into its own 'niche'.
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Further, Ledger shewed in 1963 that the oarcase compoaition of wild animals has
advantages over that of domestlc stock because wild animals have a larger proportion of
red meat per unit of carcase.

Daseman in 1961, studied the oommercial production of game meat and income in
Rhodesia and elsevhere and found it both feasible and profitable,

This information indicates that wild animals must be studied not only in relation
to thelr socientific andaesthetic intereat and their impasct on agrioultural activitiaes,
but from the point of view of red meat production as an economio asset to the community.

I reiterate, ths conservation and management of wildlife presents two of the moat
pressing probdlems facing Africa today, Indeed they are inextricably linked, because the
equilibrium of the haditat is fundamentally dependent on the natural fauna and flora
= they must be preserved at all costs even in the face of increasing human population
presaure and the continuous sconomic competition caused by so-called 'development!
inoluding the introduotion of 'betier' breeds of domeatio atook.

To recapitulate - the linea uporn which future research must be based must enable
adminietrators to enforce tha knowledge available, supported by propaganda and eduocation
to convince the people concerned of the evils cof mismanagement,.

In the new approach io proper land use, sducation will have to be on three
levelst 1) that of the people of the land; 2) that of the upper administrative echelons,
and 3) that of the leading politicians.

To be affective, this new approach will have to be carried cut by example and
demonstration in the field as wall as in the olassroom and mtrict discipline will have
to be enforoed.

The time is now long past for the continuance of repeated minor research projscts,
because there is a great volume of information available for conatructive action to de
taken in the conservation of the fast vanishing natural habitats of Africa with their
unique flora, fauna and etock producing potential.

Finally, a more enlightened understanding of game/stock management is urgently
necessary and & new vetsrinary approach is needed to recognise the great potential that
lies at hand if it is properly used ~ deapite the protests of the 'old guard' of
veterinarians, some of whom still oclaim that the only god wild animal is a dead cne and
if wild ungulates have to be preserved, they must be kept behind a barbed wire
entanglement with a ditch in front of it.
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GRASSLAND ECOT.0GY IN RELATION TO CONSERVATION
~ TARD DEVELOPMENT OF THE SAVANNA EABITAT

PROBLEMS IN THE DEVELOPMENT OF SAVANNAS
CF EASTERN AFRICA

' Y. Satyanarayan
E.P.T.A, Regional Ecologist, Ethiopia

A greater part of Eastern Africa can be grouped under the broad term "savanna"
which inecludes a ocover of varying density of woody vegetation ranging from dense
woodland through many types of wooded grassland to semi-desert dry bush, Talbot (1964)
estimates that threse—quarters of central and eastern Africa are covered by savanna.

At the cutset, it may be menticned that pasture research workers in East Africae
do not aocept terms like “savanna" and "steppe" as defined at the Yangambi Confarence,
4s early as 1943, CGreenway observed that the word "savannah" as commonly used was only
to denote grassiness, and rejected the term as a South American one, seldom correctly
applied in East Africa and too much abused to be any longer of service for exact
purpeses. At the Second Conference on Ralsing the Productivitiy of East Afrjoan
Rangelands (196%5) it was proposed that the term "savanna" as defined by the Yangambi
Conference should usually be replaced by "Wooded tall grassland" or "Hocded medium
grassland"” and Ygrass savanna" by "tall grasslapd" or "medium grassland." However,
several earliar workers such as P.Sermolli (1957) and langdale Brown (1964} have
distinguished savanna types of vegetation in East Afriea. In this paper, the term
savanna is employed in a broad sense, as & "troploal formation where the grass stratum
is continous and important but occasicnally interrupted by trees and shrubs; normally
burnt from time to time; main growth pericd correlated with the rainy season"

(FAO Btaff, 1965)

Basie research in various fields of development and conservation of savanna
landas of Eazatern and Central Africa has been in progress for more than three decades.
Studies on the wvarious aspects of savanna environment have made substantial progreas,
Considerable soientific studies and field work in game and range ecology have been
accomplished by vieiting scientists from wvarious international agenoies, A brief review
of the problems and the progress so far achieved is presented here.

In general the balance between grasses and woody vegetation in the savannas of
Eastern Africa oan be described as being unstable, The main modifying factors which
affect the grasslands are fire, grazing and browsing by domestic livestock and wild
ungulates, and the encroachment of bush, The balance is sufficiently delicate to pose
a major problem of range management of both livestock and wild game populations,

Although & wealth of material is available om livestock, iis production and
growth, grazing habits, food and water requirements, very little data is available
on vegetation, range condition, carrying capacity of the rangelands and the importance
of shrubs and trees in maintaining soil fertility and animal productiviiy.
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The removal of vegetative cover by fire, grazing and trampling exposes the soil
surface to desiocation and erosion. Favourable patterna of surface infiltration, sub-
soil percolation and perennial gtream flow from the catchment areas are replaced by
surface run-off, flash flows, and reduction of dry season flow., This destruction is
already widespmad in Fast Africa and is worsening as a result of incrsase in human
and livestock populations.

Fire as an ecological factor

Fire is the major ecological factor in East Afrioca, where there is hardly any
vegetation below an altitude of 6,000 f4, that is not affected by it. Practiocally all
savanna typres of vegetation in East Africa are subject to frequent grass fires, ths
severity being proportional to the height of grass,

Many of the woody components in the savannas are fire~tolerant, Trapnell and
Langdale Brown (1962) divide them into two classes: (1) those which, allowing for
the obvious opening effects of repeated burning, appear at the same time to be original
in the sense that they show no evidsnce of having replaced a previous vegetation of
different composition, and (2) verious secondary or derived types of savanna which
are shoyn dy remnant speoies to have replaced a previcus closed type such as forest
and thicket., At present this distinction oan be drawn between some of the mavanna
types in Uganda and Kenya but there is shortage of evidenss on the various savanna
areas of Tanganyika,

Fire im an exoellsnt tool for bush gontrol, if it is pomsible fo burn only
when desired, It is exiremely difficult to prevent acoldental or inocendiary fires.
In East Africa, most grassland areas are burned over annually and it is reported
that Africans burn range land for a number of reasons and semetimes for no reason
at 8ll, EHeady (1960) has summarieed the varicus reasons for burning in East Afrioca,

1, Burning prevents the encroachment of bush speocies into grassland ae demonstrated
by several experiments in East Africa, under varled alimatio conditions. According to
Enlow (1961) burning is practised as a bush control measure, the intervening period
being three to four years. The numerocus grazing schemes suggested for Kenya stipulate
the burning of pastures in rotation every fourth year., Brown (1959) who conducted

a8 survey of the various grazing schemes in Kenya has emphasised the nead for a burn
avery three years, particularly in the Themeda grassland areas, He found that in the
absence of fire, the bush problem inoreased enormously on Esageri. Of the 2,000 acres
of bush ringbarked and a further 1,500 acres bulldozed between 1946 and 1949, no trace
was found at the time of the survey, that the work was ever carried out.

2, Burning is praoctised to obtain a more desirable species composition of forage
plants. Edwards (1942) found that Themsda triandra disappeared with complete protection
from fire, and also that it was eliminated by overgrazing without fire. If fires and
graving ars prevented, the grasses soon loss vigour because they have to compete with
an increase of herbaceous species, the growth of which is no longer checked by burning.
Succ -ssion then proceeds until eventually, & bush assooiation is formed from which the
ralatable grasses are practically entirely exoluded. With heavy uncontrolled grazing,
the successional trend is similar except that ercsmion is generally more severe dus to
the destruction of the graass cover.

3. Burning is also resorted to improve the gquality of forage because graas bhurning
stimulates growth out of season, In Ankole (Uganda) grasslands are sometimes burned

twice a year, to induce a flush of young growth, highly valued by herdsmen, and frequently
grazad bare. It is well known that foraging animals are attracted to newly burned

areas and they utilize that part of a pasture which ia burned and leave the unburnt

part ungrazed,




-171-

4 Fire ie also employed to drive gagze and to control undesirable animals such as
tsetss, rats, snakes and nests of harmful birds.

Se Ash produced by & fire is considered to have a fertilizer effect which produces
vigorous growth and greater forage production. The dangers of uncontrelled bush fires
stem from the fact that the soil is often left in a highly erodible state immediately
before the rains, whichk may wash away the ash, before 1t can be incorporated in the
soil or ebsorbed by the plants. Desides, fire has other far-reaching effects on the
8oil by excessive heating of aurface layers and reducing the moisture and bumus content,

However, there are several bush apecies that are net killed by fire. There are
alsc several coarse tussock grasses which cannot be eliminated by burning and mowing
and their control can be assured only with ocultivation for one to three years. Studies
are essential to determine the role of these tussock grasses in the ccourse of plant
succession and of the factors that lead to their increase and means of their control,

Edwards {1942) points out that where an area of tall grass is protected from both
fire and grazing for any length of time, & hot burn may destiroy valuable grasses and
result in & stand of undesirable vegetation, Thornton (1960) has demonstrated that
fierce grass fires, if carried out at the end of the dry season, just before the rains
break, can be useful in dbush control, although such fires reduce grass production in
the subsequent year. ZExperiments in Uganda have shown that burning early in the dry
.seagon encourages bush encroachment as do oool burns where insufficlient burnable grass
material ie present. It ls conceded by many workers that burning does have a place in
the control of hush, But the fact remains that burning only “controls" bush encroachment
and does not sliminate the fire-resistant species, which are continued tc be maintained
at low levels, and which inorease when there is no further burning. Therefore, the use
of fire has to be continuoue and has {o employed with care and knewledge., It has alao
been obesrved that wide-scale burning partially accounts for the paucity of leguminous
specises in savanna lands, Desmodium, Indigofera, Tephrosis, Teramnus, Glycine, Crotalaria,
Alysicarpus, Rhynoosle and other legumes cccur more frequently after protsction from
burning for several seasons,

Mueh remains to be learned about the use of fire in the management of grasslands,
The sffects of fire on vegetation are determined by intensity, frequency and time of
burning. ZExperimental data on burning in BEast Africa are laecking and more data should
be gathered before definite burning practioces can either be condemned or recommended.
Work is aleo needed as tc how frequently an area has to be burned to control the different
bush apeoies, before grazing schemes incorporating burning are designed., Such data is
needed for long-term effectiveness, because the grazing schemes have to provide not
only for grazing, but for continued grass vigour and for control of the perniciocus species,
It is also necessary to determine grazing intensities and patterns where grasslands can
be maintained in good condition under light or mederate grazing without forage being
desiroyed and wasted by burning, as it has been pointed out that burning is expensive,
due to loss of any returns from grazing, because it is generally necessary to accumulate
a full year's growth of grass in order to have a fire hot enough to kill bush, sc that
period plus the time for regrowth after burning represents a loss of revenue from the
rangeland. Suitable techniques for handling fires have to be ascertalned as also the
cost and returns of burning in comparison 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,
cne has to reluctantly agree that under the existing conditions, some use of fire is
probably desirable in grassland manzgement., In principle, however, one has to oppose
burning, as over the years, it may do more harm than good by the destruction of vegetative
cover and setting the stage for loss of soil fertility.
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Buash Problem

Thick and regenerating etands of bush constitute the major problem of the savanna
lands of Bast Africa. Torage and livestock production are greatly limited by bush,
varticularly in the semi-arid zones. There are several pernicious 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 both and are very persistent. The
list of such troublesome species is fairly long, but the worst ones are Acacia brevispica,
A, drepanolebium, A. hockii, A. senegal, A. seyal, A. mellifera, A. pennata, A. orfota,
specien of Combretum, Commiphora, Lantana, Solanum, Dicrostachys glomerata, Euclea
divinorum and Tarchonanthus camphoratus,

Bush control has been attempted for various purposes such as gontrolling the
teetse fly, preparing land for cultivation, increasing production of indigencus grasses
and to0 improve the hablitat for certain game species, The problema of bush and its
oontrol have been thoroughly reviewed by Heady (1960) and Bentley (1963). Africans
"eradicate bush by hand slaghing with panga or axe and hand stumping. Mechanical control
of bush has been attempted by bull-dozer, chaining, the Holt-Breaker and the Gyro-mower.
In general, mechaniocal bush eradication is too expensive for general use, Hand clearing
followed by burning appears 1o bethe most practical and econcmjcal 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 dzy could
clear two acres per week or 100 acres per year, in a manner sufficient to permit
regeneration of grass cover, The area thus cleared might be capable of carryin
10 to 15 stock units which in turn night suppert 2 to 3 people. In the Yattas ?kenya)
it is reported that as many as 20 to 25 mandays are required t¢ clear an acre of bushland
(IBRD, 1966)

Bentley {1963) considers 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 knock-down. It was, however, found essential to sow grass on to
the corrugations and to burn subsequently in order tec control the increase in seedling
trees which follows Holting. If sufficient grass still existed under the bush canopy,
it was possible to use fire at the outset, without mechanical pre-treatment.

‘ However, little experimental data are available on the relative effectiveness
of different machanical control techniques in eradicating different bush species, nor
have any follow-up procedures been devised to maintain a grass cover free of bush,
periodic burning still being generally resorted to, 4o keep the woody plants from
growing tall., Where lands have to be cleared solely for forage production, high costs
and quick regeneration of bush exclude the large scale use of mechaniocal contrel.

It has been suggested that re-encroachment could be prevented by reseeding of the
cleared areas (Naveh, 1965). '

Chemical oontrol of bush has been attempted in East Africa since 1936, with
the principal objective of changing the habitat and thereby eliminating the tsetse,
the common chemicals employed being Arsenic compounds. Arboricides have been attempted
g#ince the Second World War, the moat common ones being 2,4-D and 2,4,5-T. Results
have not s0 far been encouraging in East Africa, except in a few isolated cases. Much
more basic work is needed with different arboricides on different species, One of the
important factors governing the use of arboricides is that there are only few days in
a year, when conditions are optimum for the applicaticn of arboricides, when kills over
95 per cent ¢can he expected. Applications of arboricides have so far been mainly by
hand to the bole of the plant, either frilled or unprepared and to stumps, frilling
gonerally giving better results. MNuch mors experimental work needs to done on the
application of arboricides to the foliage, partioularly tc young growth of seedlings
and eprouts. The economiecs of aerial spraying have also to be worked out, especisally
vhen large areas have to be cleared of btush. Chemiecal control will not be successful
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unlesa the environmental requirements and growth characteristics of the various species
are first determined., It is also important that complete and detailed life-history
studies should be conduoted on the important bush species, particularly to determine
the critical pericds in their 1jife-ocyole, which are suitable for deatruction, whether
it be by fire, chemlicals or other means,

Value of Browse

East Africa has z weéalth of indigenous trees and shrubs, chiefly of the genus
Acacis, which plays an important role in maintaining the plane of nutrition of wildlife
and domestio stock., In some cases, the foliage has good browse value. Others produce
valuable pods and seeds while some are prized by Africans for the value of bark as
animal feed. Dougall and Bogdan (1958) and Dougall, Drysdale and Glover (1964) have
rrovided adequate evidence of the wealth of indigenocus vegetation that is at present
a potential source of food for wildlife and/or domestioc ruminants.

Observations have alsc been conducted on the browse habits of cattle and goats.
Some of the browse species contain as muchk as 30 per cent crude protein and a small
intake of these, can contribute cvonsiderably to the total protein intake, particularly
vwhen the grass cover is low or absent. Payne and MacFarlape{1963} found in Tanganyika
that during the dry season, browse can comprise a significant part of total intake
-and that when browse is plentiful, cattle eat it readily. Payne (1963) further
observed that when cattle have a limited amount of time available and browse is not
plentiful, they will spend a larger proportion of their available grazing time filling
themselves with what grass is available, rather than searching for browse; whereas
when browse is plentiful, they will eat it readily as they do not have to spend time
looking for iv.

In a survey of the grazing schemes operating in Kenya, Brown (1959) has,
however oriticized the wiew that where browse feed is avallable in guantities greater
than fodder, browse might be utilized in place of grasses. It was noted on the
grazing schemes that cattle ceased tc browse as soon as & minimum quantity of graszing
wag available, and did not do so from choice, in spite of the excellent feeding value
of most browse species, He concludes that it would be both uneconomic and unnatural
to attempt to utilize browse alone except when starvation point has heen reached.

In several areas in East Africa, the present day herbaceous cover provides little
by way of fodder, whereas the indigencus fodder treee provide considerable feed,
particularly in periodas of dreught. It should be emphasised that grass is pivotal
and fodder trees could cnly form an essential supplement. Better knowledge of the
utilization of browse species and their contribution to the nutrition of wildlife and
domestiec animals will he of considerable help to range management workers., It has
been recently proposed that studies should be undertaken to establish the relationship
between iniske of shrubs and grasses by animals in the semi-arid areas of Eaat Africa,
to evaluate the edible shrubs as a source of feed to animals at various times of the
year, to determine the potentialities of various animale to subsist on browse and to
assess their ability to control bush,

Orazing Problems

Payne (1963) has drawn attention to the very large inorease in livestock
population in East Africa, particularly in Kenya, where the livestock population has
increased far more rapidly than the buman population. Due to the unequal distribution
of livestock population, problems of both undergrazing and overgrazing are reported.
In Uganda, the natural grasslands over large arcas of the country are understocked
for most of the year and s8¢ deteriorate in feed quality resulting ir much wastage. On
the other hand, overgrazing of some plant communities acts both directly by repressing
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herbaceous growth and denuding perennial grasses and indirectly by the oonsequent
reduction in the intensity of annual grass fires. As a result, there is an inorease

in fire-susceptible shrube whioh appears to have a drying effect on the moll and causes
further reduction in ground cover, soil ocompaction, inecrease in run-~off and sheet
eroaion, Thus the development of bush from savanna reflects the c¢nset of more arid
sonditions.

In Uganda, due to overgrazing, species of low grazing value invade the grase-
lands, One of them is Cymbopogon afronasrdus, a fire-resistaunt, unpalatable apeoles
which forms the first step in & secondary succession towards thicket. Work in Uganda
to date has shown that C.afronardus cannct be eoconcmically controlled by the use of
available herdicides auch za dalapen, paraquat, and amino-triazole and that there
are serious difficulties of application as the chemicals are at least equally effective
against desirable grass species,

Large grazing schemes have been in operation in Kenya, ocovering 11,850 sq.miles
or 7,589,000 acres on which different systems of range management, grazing oontrol
or grassland rehabilitation have been applied, The three prinoipal sohemes are {i)
one herd, four paddocks, and three grazing periods, (ii) one herd, five paddocks and
~ four grazing periods, and (iii) three herde, four paddocks and yearlong grazing, In
faoct, for improving impoverished grasslends, eny deferred rotational esystem would
be suitable (Pratt, 1964), The preservation of over 10,000 sq.miles of grazing land
with limited staff, often dealing with a recaleciirant and reaotionary population, a
minimum of capital and in hard country with indifferent communications ig, in itself
& gigantic task and even 1f the problems of overstocking and marketing bave not yet
been overcome, in nearly all cases, erceion has been halted and denudation of vegetation
prevented.

The majority of these echemes were on land whioh had been badly used and there-
fore, land rehabilitation measures took precedence over livestock management, which
itgelf received very little attention. Most of the schemes have had to adhere to a
rigid pattern. Carrying oapacities were laid down arbitrarily., Encroachment by
unlicensed pecple resulted in considerable overgrazing, with peremnial grasses in
many localities being replaced by coarse anmual grasasss, and some areas almoat completely
denuded of grass., Lack of grass, which serves as a tinder for fires made it difficult
to carry out the necessary burning to keep down the bush., Attempts to combat Ttush
by settling people who were allowed to keep only small atock that were expected to
browse on bush alsc seemed to have felled. Bush infested by tesetse fly has made
steady encroachments (Brown, 1959; IBRD, 1966).

Naveh (1964) feels that in many grazing and development schemes in East Africa,
much effort was apent on attempting 1o superimpose modern concepts of animal husbandry,
range management, and improvement on disrupted pastoral subsistence economles, and that
these attempts usually failed because they were not combined with a parallel effort
for a baslio change in the whole socio-sconomic set up.

The principal difficulties in the grazing sohemes are: (1) Graziers find it
difficult to accept the idea that livestock numbers should be kept fized irrespsctive
of annual fluctuations in olimatic and grazing conditions; (2) A tendency to mell a.
disproportionately large male stock and to keep as many cows as possible to maintain
the suprly of milk and to assist in a rapid reconstitution of the herds, resulting
in an increase in immatures, for which no ready market can be foundg (33 A tendenocy
to become sedentary without having to move the stock over vast grazing schemes, from
one paddock te¢ another and a growing demand for replacement of grazing schemes by
individual holdings;and {4) A general resistance to destocking and grazing controls.

. Ii;has to be demonstrated that a lower ratio of cattle to graszing land will
antﬁally produce a higher income per acre, The number of cattle muat presumably be
allowed to fluctuate from year to year, so as to enable people to save cattle for szle
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during yeare of harvest failure. Feople need to bhe convinced with the help of their
own politioal leaders that conirol over livestook is necessary to prevent overgraazing.
In order to enforge a sound destocking plan, aocurate data should be collected on the
number and composition of livestook herds and flocks, on the rate of increase and
mortality and on the annual take-off,

Crop Production

: Unfortunately, there is very litt{le data available on orops and cropping patterns
of the savanna lands. The savanna lands of Eaat Afrioca, of whioh the Themeda-Hyparhenia
community is a typioal and extensive example, are best suited for grazing, with the
excaption of local sltuations near the upper reinfall limits, with favourable soil and
moisture conditione, where crops are suoceasful,

_ The short ocropping season, imposed by the variable rainfall patterns makes it
imperative to adopt early-maituring food orops and early planting and timely weeding
practices, Originally, the Afrioans had grown mostly sorghum and millet which mature
more quickly than maize, but these have now largely gene out of oultivation because
they were particularly susceptible to bird damage, were rather low-ylelding 4nd had
to be laboricusly pounded intoc flour (rather than mechanically ground) before they
oould be used for food,

Crops are planted in pure stands only on about 25 per cent of the cultivated
land. On the rest of the land, generally wmixtures of two or more crops are grown,
By far- the most popular of the crop mixtures is maize and pulses, prinoipally beans
and pigeon peas. This mixed farming ls probably due to the African's belief that
mixed oropping ylelds a higher output per acre than planting in pure stands, Mizxed
oropping is beneficial to a ceriain extent in that it produces a dense vegetative
cover, and apparently reduces aomewhat the burden of weeding and the loss of soil
meisture by evaporation, Above all, the mixing of crops is designed to reduce the
risks in the lower rainfall areas. :

Except in the high potential arezs, ylelds are generally very low. Noreover,
they vary markedly from eeason the =eason and in accordange with elimatic conditions,
Thus the average yields of malze, which oocuples about half the oropped arvea, may
range from less than one bag per acre in a pooxr year to five bags or more in a good
year. For instance, in the Machakose distriot of Kenya, during the period 1943-1963,
naize had t¢ be imported for 15 years, 7 of which were oonsidered severe famine years.

8ince the longer-maturing maize 1s more susceptible to droughts, efforts were
made by the Department of Agriculture to introduce quicker maturing varietiss such
as "Taboran" and "Katumani synthetio'". BHowever, these varieties have characteristics
vhich have prevented their ready popularization., While they give yields superior
to that of local malze, when the rainfall ig pcor, the local maize varieties showed
greater yields in seasons of higher rainfall. Taking good years and bad years over
a suffieiently long periocd, the improved varieties do give a greater output.
Unfortunately this was diffioult to demonstrate to farmers because the introduction
of improved varieties coincided with z time of abnormally good rainfall, Tt was also
diffieult to prevent the admixture of new sead with that of indigenous maize.

Time of planting also influences orop production. Experiments in Kenya in

1960 showed that sorghum yields were 1,500 lbs. per acre when planted in the dry season

before rains, but only 1,100 lbae, and 700 lbs. respectively when sown 4 days and 7 days

after reins, Similar work by Bennison at Katumani research station showed that yields
- of Taboran maize fell from 1,761 1lbs. and 1,362 lbs. when sown in the dry season, prier

to rains to 1,049 1bs. and 851 1lbs. respectively, when sown 6 days after the first

heavy raine. The African farmer is ofien unable to resort to early planting, becauss

of the hardnees of the ground, weakness of the oxen owing te¢ poor available grazing,
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and the necessity for replanting, if rains failed, requiring more seed, The use of
implements like hoe makes it more difficult for the farmer to plant all his orope in
time. The period of arducus land preparation often tends to run into or even overlap
with the subsequent period of weeding, both of them constituting a bottle-neck
resulting in poor standards of cultivation.

Lack of proper crop rotations is ancther factor limiting orop production, Fallow
land is much harder teo break up than oropped land., Moreover, wherever land is eropped
twice a year, the selection of a proper crop sequence is important in avoiding the
overlap of agriocultural operations. For instance, the harvesting of late crops such
28 pigeon peas, of one Beason can &nd does delay the preparation of land for the next
peason's 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 African farmers
their cost generally :precludes their use.

Role of Wildlife in Savannas

In any study pertsining to the vonservation and development of savanna landas
of East Africa, the role of wildlife is of great importance and has to be considered
in relation to the problems of domestio livestock., Forage, water and cover are bvaslec'
requirements for both wildlife and domeatic animals. In East Africa, almost all the
National Parks and Game Reserves ars situated on range lands, and, therefore, game
ecology « the oonsumption of forage by wild enimals, the effect of grazing both by
“wildlife and domestic a&nimala on the existing vegetation are important faoctors, to be
considered in savanna development.

Wildlife i1s always a potential source of revenue from tourism and hunting,
Initial short~term studies have revealed a high meat production potential of wildlife
and the extensive possibilities of its commercial exploitation as an important protein
50UTCe,

The problem of grazing large herds of livestock and the management of wild animal
ropulations differ considerably in the two broad ecological zones found in Eazt Africa.
In the open grass plains, there exist very large migratory herds of wild grazing animals
which share the forage and water with innumerable herds of livestock owned by pastoral
trites. In the second and more extensive area, dominated by varying densities of woody
vegetation, loosely defined as "bush", the greater part of which is infested with
tsetse fly, there are large populations of wild animals, which for the most part are
less migratory, than the game in the open plains, Whereas the wild herbivores are
adapted to their environment and make highly efficient use of it, the overstocking of the
the plains with domestio stock constitutes the most serious and wide-spread land-use
problem, that affeots much of the tsetse free savanna areas. Overgrazing by domestie
livestock has also lowered the carrying capacity of some of the savanna lands, hitherto
exolusively occupied by wild animals,

Preliminary studies of wildlife habitas have shown that various species of wild
ungulates have different and complementary diets. Where several species of wild ungulates
feed together, they utilize the available mixed vegetation in a very effiscient manner,

It has been euggested that a study of the ecology of game animals may show that some
may be beneficial to the maintenance of pasture and also that some are capable of
utilizing the scanty rainfall and offer z source of meat in areas unsuited to the
development of domestic animals. For instance, apimals such as giraffe survive mainly
on shrubs and trees and compete but little with domestic stock in the utilization of
herbacecus vegetation,
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Preosent knowledge indicates that combinations of wild ungulates or of wild
ungulates and domesilo stock will make far more efficient use of savanna lands than
will cattle aslone, Sustained productivity ef the eavanna lands c¢an, therefore, be
achieved, by the proper management of wildlife and domestia stock togethsr, and this
productivity may often be higher than which oan be obtained with domestic livestock
alone,

The rapidly acocelerating human and livestock populations in East Africa have
led to a progressive restriction of wildlife habitats through increased land belng
brought under cultivation and grazing resulting in the restriction of wildlife into
restricted areas such as Parks and Game Reserves. On the other hand, due to the
elimination of predators and reduction in poaching and other depradatory activities,
there has alsoc been gongiderable logal increases in the numbers of wildlife, resulting
in a Bevere competition for feed and fedder and cooasionally thelr encroachment on
agrioultural lands, There is thus an urgent need to control the numbers of wildlife
as an essential part of game management, wherever overpopulation and habitat depletion
have ocourred. In fact, it is because of this explosion in wildlife population, that
game cropping and wildlife harveating have been initiated in the countries of East
Afrioca, to achleve some zort of control in the numbers of wild animals. Rational
long-term utilization of the natural rescurces of savanna lands has %o be based on
the sustained yield of & population which is in balance with its habitat.

Research work is needed to -define population dynamics, food habits = preferred
and second choice diets, movement patterns, and management techniques of the economically
important ungulates of Eastern Africa, as a basis for determining management policies
end methods for National Parks, CGame and Forest Reserves and for game cropping schemes,
Studiee are also needed on the diseases of wildlife with partiocular refsrence to
transmission betwsen wildlife and domestic stock, because preliminary studies conducted
ec far indicate that the wild herbiveres suffer from a number of diseases of viral,
protozoal and bacterial origin, some of whioch ars capabls of inter-transmission o
domestio livestock.

Soclolegical Problems

It will not be cut of place to dwell briefly on the human problems, Africans
have been grazing cattle, sheep and other animale for generations without regard te
the oondition of the grasslands, erosion or the gradual disappearance of water supplies
through rapid run-off, It 1is alse diffioult for them to understand the advantages of
any "system" of handling livestock. Other factors which ocome in the way of planned
management are traditional ownership and land usage, failure or lack of incentive to
turn cattle intc an economlo aaset, holding of livestiosk for purposes of prestige and
for bride price, lack of permanent water sources, insuffioient land, remoteness from
markets and lack of marketing systems, resistance to destocking, lack of knowledge to
gongserve fodder or prepare silage for dry season use, a general disregard for animal
welfare and promiscuous and unregulated burning of grasslands, Some of these are desp
seated diffioulties which have their roots in tradition and for which there appears
to be no immediate solution in sight, as in general the Africans' customs, traditions
and beliefs resist change.

The encouraging featura of the grazing schemes in Kenya is that in general, the
Africans who have participated do recognize the fagt that cattle make better growth
when there im ample grass. There seoms to be little doubt that with patient and
understanding leadership, a knowledge of tribal psychology, and adminisirative backing,
the African tribes can be eventually won over, although it may take much time and effort.
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THE ROLE OF FORESTRY IN SAVANNA DEVELOPMENT

R.L. Willan
_ Afforestation Section
Forestry and Forest Products Divislon
FAQ Headgquarters

I. INEODUCTION
%

Sources]gf information on Savanna Forsstry

The arewm of Savanna in Afrioca is about one helf of the totsl area of the continent,
and it supports rather less than half the population of the continent scuth of the
Sehara. By oontrast it may be remarked that the area of high forest is about one
twelfth of the total area, and it, too, supports one half of the population,

Future economic development, rising standards of living and inoreasing population
will geneTate inoreasing demands for forest produce of all kinds, At the same time
they will oreate incressing pressure on the land for agriculture and stock raising and
on water reacurces, The combined effect will, therefore, bs a need to lnorease the
production of forest produce from a static or dwindling area of land, wlthout reducing
the proteotive funciion of the forest, In this the African savannsa, if only becausse
of ita vast size, must pleay its full part. : :

The need for the development of the savenna was recognised by the FAQ African
Foreatry Commission at its first session held in Nigeria in 1960, Because of the low
productivity of the natural savanna, it was also recognlsed that any appreociable
inoTeass in its productivity must in the main be effected by means of planting, A
Working Party was set up, and the Forestry and Forest Products Division of FAD (a)
oompiled a bibliography on savenna forestry with particular emphasis on savanna affores=-
tation,

(b) requested reports from the members of the Working Party on methods of savanma
afforestationy :

(c) prepared a draft report on savamna afforestation in Africa.

The last forms the basgis of the present statement.
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II, CHARACTERISTICS OF FORESTRY IN NATURAL SAVANNA WOODLANDS

The environmental characteristics of savarma have been ddscussed under preceding
items, The oonditions which most affect tree growih are thé long dry season and ac—
companying soil molsfure deflclt whioh may persist for much of the year, the desicca~
ting wind end low atmospheric humidity, which is particulerly marked near the Sahara,
the low fertility of many of the molils and the limitations on rooting depth caused by
laterite formation, the gently rolling topography which glves rise to the "catena or
recurring series of eolil and vegeltatlon types dependent on the position on the slope,
the practics of ehiftlng cultivetion and the widespread cccurrence of annual grass
fires, The tree growth, which results from these conditions, bas the following main
charsoteristica 1 ‘ : :

. El) Even in the best types of "Open Foreat", such as Miombo, tree heights of over
15 m (50 £t} and utilisable bole lengths of over 6 m (20 f%) are uncommon.

(2) Stogking is low in comparison with both high forest end plantations. A basal
aree of 16 mc/ha (70 sq ft/acre has been recorded from the hest sltes in Zambia
(Endean 1966), but over much of the area stocking is only & fraction of this.

(3) Inorement is low. Girth increments of 0,6 — 0,8 cm (1/4 = 1/3") a ysar are
common for s number of species. Oroas timber volume increment of 1,4 - 2,1 m>/ha/an,
(20 - 30 ou ft/ac/an.) has been recorded on the very best sites {Endean 1966), but
this is exceptional and over mesdt of the savanna gross increment is much lass.

(4) Harvestable inorement is & small fraction of gross increment. The majority
of timbers ocourring naturally in the savanne are hard, heavy, difficult to season
and work, perishable and often of indifferent form., The few really good savanna tim-
bers, of which Pterocarpus sngolenpls ia an ocutatanding example, are mcatiered very
pparsely through the savanna woodlandy in Tanzenia, for example, the harvestable
inorement of this species hzs been calculatsd at sbout two trees or 60 cu ft per
square gile per year (Parry 1959) an increment of sbout 0,1 cu f£t/ac/an. or

00T m /ha/an. In these conditions logging becomes dispersed over large areas and
hence expensive. In a few areas, Bpecialised marksts allow fuller utilisation of ths
" commoner species of indifferent quality (e.g. the use of the Brachystegia and Isober-~
linia spp. on the copper belt in Zambia}, but this is exceptional. Another excepiion
is the relatively pure stands of Cum Arabic or Acacia senegal in the Sudan,

(5) Under natural conditiena, many tree species spend a variable period of ten
yeara or more in the suffrutex atage, during which the root system slowly exyands,
while the stem dies or is burnt back annually. Only when the root system has reached
& certain size does it send up a shoot large and vigorous enough to survive the dry
season, Natural regeneration is therefore slow and uneven,

ITI, PAST AND PRESENT PRODUCTION FROM SAVANNA FORESTRY

{e) Wood Products

Current production from savanna follows the traditional pattern of the past, and
a rough estimate of current requirementa has been made in the draft report on savanna
afforestation in Africa as follows ¢

Fuelwood 66 million m? (2,300 million solid cu ft) a year
Folas '[ L] n 245 " 1 ] "
Timber 1 " " 35 1 I n "
Pulpwood Nil

Total 74 million m3 (2,580 " " mo)

LS VRN N
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On an estimated savanna popglaxion of 100 million and an estimated area of 5 mil=-

lion square miles (13 million km®), these figures become (rounded) 3

Averagze Annual -

Consumption per head Prodgptiog;par unit area
o3 cu £ (solid) n3/ha ou ft (solid}/acre
(1) Fuelwood 0,66 = 23.1 0.053 0.69
2) Poles 0.07 2.4 0,006 0.08
4) Pulpwood Nil Nil
5 Total 0.74 . 2509 0.06 0178

It must be emphasised that these estimates are only rough average ones, but they
do demonstrate the current predominance of fuelwood ufilisation., Where populations or
industries are concentrated, local consumption and production figurea are very much
higher than the average and the proportion of timber and poles to fuelwood may be in-
creased appreclably e.g. in the coppar belt in Zambisa.

(b) Other Products

A number of other producis are proeduced locally from within the savanns region,
inoluding thatching grass, binding material from tree bark, fruits and nuts. More im-
portant products are gum arabic, whichk is a2 very important crop in the Sudan, and bees—
wax and honey, which are important over a wide area of the savanna., Tanzania is the
world's largest exporter of beeswax, which is produced meinly from its "Miombo" open
forests Beehives are traditionally constructed from the bark stripped from Brachyste-
gia speoies, and this involves the death of a large number of trees every year.

IV, POSSIBILITIES FOR FUTURE DEVELOFMENT

It has been estimated that as a resuli of rising ropulation and living atandards
within the savanna region, consumption of fuelwood and poles may double by the end of
the ¢entury, while consumption of timber may be increased fourfold, The means of meet-—
ing the anticipated increase in consumption are discussed below 3

(a) Fxtensive Forestry

The large areas of sparsely populated savanna are likely to be able to continue to
supply the needa of the population in fuelwood and poles for some time to come, Natural
regeneration can be relied on to replace the cut and, if combined with fire control,
mgy theoratically increase it, In some regions it may also be possible to continue the
- supply of timber of a particular species, e.g, in Tanzania the young poles of Pterocar-

pus_angolensis far exceed in numbers the mature trees and a simple form of yield con—
trol, based on large-scale enumerations and estimates of growih rate based on tree in-
crement plots, should be capable of maintaining the current yield indefinitely.

Though asimple forms of extensive managemeni may be capable of maintaining present
supplies of produce, the prospects of inoreasing yielda of indigenous savanna saveral
timea over are very alim. Ezxperiments in Zambia showed an increase of about 50% in
production of the best treaiment over the control, after 25 years (Endean 1962). This
order of improvemsnt is entirely inadequate to meet the increased needs of wood products
near future concentrations of population and industry. Proposals have been made for
improving the yleld per acre of Pterocarpus (Boaler 1966) which include the thinning
of well~stocked young pole stands and the transplanting of suffrutices, but a conside-
rable period of successful experimentation will be needed before any techniques of
this type can be applied on a wide scale. For any worthwhile incresse in yroduction,
afforestation will be necessary,

(b) Intensive Forestry including Afforestation and the Use of Exotics

Intensive forestry implies the use of plantations, which will raly heavily on
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exctios, Plantations have a number of advantages @

(l)-By correct choice éf speciea for a given site, yleld per unit area may be
many times thait of the indigenous savanna, Approximate estimates of mean annual incre-
ment of timber from various tree crops are :

(1) Pterocarpus alone in Tanzania. 0.1 ou ft/ac/an. (.007 n3/ha/an, )

(11) The best Miombo in Zambia, with full utilisation 20 — 30 cu ft/ac/an.
Il¢4 - 2,1 m3m/m.)

(11i) Pine plantations for timber100 - 200 cu ft/ac/an. (7 - 14 m3/ba/en. )

(iv) Bucalyptus plantations for fuel or poles or timber 200 - 300 cu
ft?acfan. {14 = 21 m3/hajan,)

(2) By correct ohoice of species, a more uniform and more useful type of wood can
be produced than ia possible from the indigenous savanna, with its multitude of diffe-
rent species. Softwood plantations can make a specially valuable centribution to the
production of general purpose, easily worked timber for construction and light joinery
which ia likely to be in most demand in the future and for which most of ths indigenous
gpecies are unsuited.

(3) By virtue of their higher yield per unit area, plantations can be concentrated
on & smaller area than would be needed for the same yield from indigenous foreat. Con-
centration reduces c¢osis of management, protection and harveating.

(4) Plantations, being a more labour intensive form of land use than management
of indigenous savarna, cen mske a much greater contributlion teo full employment. In the
case of large projects, where processing is an integral part of the operations, e.g. a
pulpmill, the economio, social and recreational conditions of the surrocunding population
may benefit greatly.

Plantations for production of fuel and poles are usually to supply a local market,
and the produce ia not valuable enocugh to justify transport over leng distances. Hence
this type of plantation is likely to be made on a small-scale local basisg, either by a
compungl effort, the village woodlot, or by private woodlots. Timber production, on
the other hand, is more economical in larger units and the more waluable ceonverted
lumber will bear transporting for some distance. The degree of practicable concentra-
ticn, however, will often be affected by the lack of homogeneity in savanna soil con~
ditions. Owing to the long dry season and the difficult growing conditions in much of
the savarna, it is essential that only the better soils should be used, if planiztions
are to be successful, Very careful soil survey therefore needs to be carried out in
sdvance of large-scale planting, as is the standard practice in Zambia (Sanders 1966)
and variastion in site quality may 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
economice of the large investment needed. The fact that large areas of sparsely popu-
lated lend are aveileble from the savanna mekes it attractive at first sight for pulp-
wood production, but the maintaining of fast and uniform growth over lesrge areas would
be an even greater problem than in timber plantations.

The effort put into afforesgtation in savamnna is often of inverse proportion to the
avallebility of alternative, higher quality sites 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 triel plot programs of fairly modest dimensions. In Ugenda end Northern Nigeris
there are numercus species triels in the savanna (for example the 1965-66 Annual Report
for the latter region records nearly 250 species elimination triala and over 150 spec-
iea growth trials). In Zambiz results from some invaluable earlier trials have anabled
Bavanna'afforestation to be started on a considerasble scale and an annual program of
2,500 sores of Pinus khasya and 2,500 acres of Euc. grandis is planned (Cumming 1966),

(o) Combination of Intensive and Extensive Foresiry

In some arecas afforestation with exotics may, paradoxically, contribute towards
the management of indigenous savanna., Once an afforestation project has been started,
the project faollities in the form of staff, buildings, transport ete. may also be avail-
able for research into the silvioculture of the surrounding savanna. Reszearch into the
‘ellvioulture of Pierocarpus sngolensis, one of the few savenna specles the intrinsio
-qualitles of which can justify expenditure on research, would benefit greatly by being
hasad on en potive and well sited efforestation station,

(d) Poesibilitios of Co—ordinating Forestry Development with other Forms
of Lend Use.

The combinatlon of forestry with other forms of land use has in the past been coin-
cidental rather then .planned, The traditional preservation of "standards" of the more
valuable species by shifting cultivators and the effect of the flercer fires, whioch
often follow cultlvation for a few years and which can favour, for example the fire-
repletant Ptexroocarpus ageinst some of its more eggressive but less fire-resistant com-
petitore, 1s a case in point, Conversely, the Miombo tree mpecles are essential to
sgriouliure both for thelr direct contribution to honey manufacture and for the suita-
bility of their bark to the manufacture of primitive hivesy at the same time they pro-
vide the fuelwood snd poles for house consiruoction which sre eassentlial to the 1life of
the shifting ocultivator. in example of planned integration of forestry and agriculture
haa been the preservation as "hill-top forest reserves" of protective caps of forest/
thicket on granite lopjes in the iniensely cultivated areas of Sukumaland, Tanzania.
Savanne woodland elso provides a habitat for a large variety of wildlife; +the more
spectacular concentraticns of animals usually occur in the more cpen acacia grasslands
and the thornbush ereas rather than in the open foresats,

The combination of agriculture and foresiry may be expected to expend, at least in
the form ¢f small woodlots of quick-growing fuel species within farming communities,
The pessibllity of lerge—scale multi-purpose projects is dependant on much more inten-
slve research than has been possible in the past, Basically the problem is to combine
land usage forms, the site requlremenis of which are complementary. An sxample might
be the use of pinea for afforestation on the ridges and upper slopes in rolling country,
whlle growing rice and ranching cattle ln the low-lying grassy, seasonally waterlogged
valleys.

Integration of forestry and sgriculture may be assisted by the radical modification
of climatioc conditlons which msy be effected by irrigation. 4An ocutstanding example of
this 13 ipn the Oezira in the Suden.

{e) Protective Functions

Owing to the overall gentle topography of the savanna areas, the protective value
of forestry is lesa marked than in the mors mountainous areas, In general, it is likely
that indigenocus wocdland is as good for the protection of minor catchment areas ass plan-
tations, but that plantations, provided they are properly managed, need not be conaid-
ered harmful from the protective point of view, It is feir to say, however, that res-
earch on the protective aspects of forestry and of aliternative forms of land use in the
savanna has scarcely begun.
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One protective funotion which may be fulfilled more efficiently by exotics than
by indigencus forest is that of shelterbelts and windbresks, A properly designed wind-
break of ssveral complementary species may be exiremely wvaluable to agriculture where
wind is a problem, and fast-growing specles such as eucalypius can modify wind effectsm
more quickly than indigenous specles, especlally if & second species of bushy form is
planted as well.

V. MAJOR PROBLEMS, GAPS IN KNOWLEDJE, OBJECTS FOR RESEARCH

Research on savanna foresiry has been spasmodic and local in the past, and eviden-
ce on many problema is conspiocuous by its absence. Knowledge of the best species and
methods for afforestation is atill inadequate in mest countries, and the more complex
ecological studies of indigenous species have been developed still leass, The main
items which need study are :

A, Ihe Fnviromment

(1) Better distributed metecrclogical stations and the continuance of obser-
vationa over a longer period are of fundamental importance, Hydrological
cbservations need to he added to existing meteorclogical ones,

(1) Particular attention to be paid to soil moisture relations throughout the
‘year and especially in the dry sesson, slnce this may well be the most im~
portant single facter affecting tree growth,. '

(iii) The study of site factors and their affect on specles success, The method
of Principal Component Analysis used by Boaler ?1966) for Pterocarpus sn-
golensis 1s & useful medel, but it would be highly desirable to devise a
method applicsble not only to indigenous trees but to exotlic trees and ag-
ricultural and pasturs crops also.

B, The Trees
(i) Extonsion of the range of species, provenances and sites being tested.

(11) Further research on the cost/benefit ratio of verious afforestation methods.
For the difficult conditions of the savanna intensive site preparation and
weeding seem essential, but for certain favoured local sites a simpler and
cheaper method mey be acceptable. '

(1ii) Long-term effects of fast-growing plantations in savamna on

a) solil meisfure relations
b) soil fertility

and the possibilities of fleld=-acale fertilisation

(iv) Further informatlon on growth rate, yield and ages of the few valuable
indigenouz species and on the possiblilities of concentrating these species
in pure stands. Further information on the veriability in growth rate
within the same species on the same site and the possibility of distin-
guishing between the inherently fast and slow growers ls of particular
importance.
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VI, CONCLUSIONS

The vast area of savanna is in itaelf a challenge to solving the problema of in-
creased production. Treatment of the low-yielding indigenous vegetation does not
promise any substantial increasea in yield, but Judicious afforeatation projects,
based on adequate results from trial plots in the same locality, are likely to yleld
bigger and quicker results., Integration of foresiry with other forms of land usage
ig in ite infancy. Resesrch adapited to local oconditions will need greater expenditure
in the future; among the subjJects needing most emphasis iz the correct evaluatlon of
site quality not only for forestry, but for all formas of land use.
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THE ROLE OF WILDLIFE MANAGEMENT IN SAVANNA DEVELOPMENT

A+ Mence

Principal
College of African Wildlifa Management
' Mweka, Tanzania :

I, INTRODUCTION

The process of proper development of wild lands is far from uncomplicated,
Development without direction or unconsidered uae of technically advanced tools
achieves only limited objectives st the expsnse of a loss of overall potential pro-
ductivity of the land. The fauna represents a factor in the ecclogy of wild lands
which both has its function in the maintenence of the ecosystem and also whish, under

" suitable management, can yleld a high economic return.

II, DEFINLTION AND SCOPE
For the ﬁurposea ef this paper, the term fSavanna“ iz taken to include 3

a) Open Savanna, being sub-olimax grassland dominated to a greater or lesser
extent by Acaoia and Commiphora spp. and which, in certain linited areas of low
reinfall (from 6 ~ 10 inches per year), may merge into semi-desert.

b) ZEBrachystegis/Isoberlinia Woodland ("Miombo"), being open fire—climax forest
dominated by Brachystegia and, to a lesser and variable extent, Iscberlinia spp.,
within which are valley grasslands whose type is conditioned by the charaster of
the so0ll and the efficiency of the drainage. These woodlands merge into undif-
ferentiated woodland to the north and to the south of the main intertrepical
forest belt., At the interzones Iscberlinia dominance is replaced by other species,

Wild fauna iz distributed throughout the Savarmna according to specific habitat
requirementa. It has been shown by Petrides et alis that, providing these require-
ments are met, it is possible for a given area to sustain a much higher weight of wild
herbiveres than of domestic stock dus not only to the full use made of the environment
by a wide spectrum of wild herbivorous species with differing food preferences, but
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elso to their more efficient forage conversion. Moreover, wild animals have a I -
tively high naturally induced immnity 4o endemlc disezss.

The optimum condition of energy exchange is found in a naturzally regulated ~a—
tem., This ideal is now hardly ever achieved owing to the direct or indirect A x» i 1N
of human aotivity and the ecosystems are consegquently either vulnerable or in =& —
of actual instability. ©Some degree of compensatory management is therefore nmec o ==
coincidentally with any management system directed towards a particular form oX -_—
zation of the wildlife resource,

III, METHODS OF UTILIZATION OF THE WILDLIFE RESQURCE

. In planning the development of wild lands the poiential econcmio producti-ev-i —aE

wildlife should be taken into account, to be made use of elther during a transi & e——
period towards some other intensive form, or as a main cbjectlve in a sole Ooxr = T
tiple form, of land utilization. The degree of management necessary to achieve —u.
utilization of the wildlife resource as a main cobjectlve mey be considerable.

If proposed development is such as to exclude the feasability of utilizimnges —
wild#iife resource, the problems arising from remnant or invading wlld animals =S¥ke ec——
be recognized, &z should the affects of denial of the development area to wild 1l & "N
already under some form of management in neighbouring areas,

The potential economis productivity of wildlife mey be realised in a vari et _wm
ways ¢

a) Tourism and Recreation t

~ Cheep and quick air oommunication brings the continent of Africa withh % e
of industrially developed countries whome orowded populations have the mearxrm ==—
the desire to seek the recreation and aesthetic refreshment offered by ALfxT K =
wildlife. As the African countries themselves develop, 30 are thelr own o RS
tions als¢ beginning to appreciate this humen search for psychological tr=aaxrm «——
lity and satiafaction,

National Parks arse suitably chosen areas whose management is directed —
the maintenance in perpetulty of & vizble ecosystem of naturel fauna and EIF_ ——
played for public enjoyment by the discreet provision of tracks and where == e——
dation facilities are made available, Although seldom economically sel f—=sva
they are the magnets which attract increasingly large numbers of foreigm w3 ==——
to the countries in which they are situated, from whom a very substential x— e
is derived during their stay.

SBome of these visitors are prepared to pay heavily for the privilege oo =
ting particular animals. This demand may be sufficiently great as to Just 3 S
ressrvation of certain suitable areas where management can be applied to P «——
& sustalned yleld of trophy animals for wealthy sportsmen, Apart from imnd J. —r——
revenue acoruing to saferi outfitters and from other incidental expendi tur <=
comparatively high cash return from licence and hunting fees can be obtair e «—lE

b) Controlled Hunting s

Wild animals are present throughout the undeveloped and semi-developed
na. The controlled hunting of them on a sustalned yield basis by the ind 3 g e
population for meat and hides represents a locally profitable use of the wi
resource where wild animals densities are too low to allow of a more interi ="
utilization. In large areas of tse-tse fly infested Brachystegia woodlaxad I p——
rorulations are comparatively small, Excepting in very limited localities 5
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THE ROLE OF WILDLIFE MANACEMENT IN SAVANNA DEVELOPMENT

A.J. Mence

Principal -
College of African Wildiife Management
' Mweks, Tanzania :

I, IRTRODUCTION

The proceas of proper development of wild lands is far from uncomplicated.
Development without direoction or unconaidered use of technically advanced tools
achieves only limited objesctivea at the expense of a loss of overall potential pro-
ductivity of the land. The fauna represents a faoctor in the ecologzy of wild lands
which both has its funoiion in the maintenance of the ecosystem and alsc which, under
" suitable management, can yield a high economic return.

II, DEFINITION AND SCOPE
For the purposes of this paper, the term "Savanna" is taken to include 3

a) Open Savanns, being sub-oclimax grassland dominated to a greater or lesser
extent by Acsoia and Commiphors spp. snd which, in certain limited areas of low
rainfall {from § - 10 inches per year), may merge intc semi-deszert.

b) Brechystegia/Isoberlinia Woodland ("Miombo"), being open fire-olimax forest
domineted by Brachystegia and, to a lesser and variable extent, Isoberlinia spp.,
within which are valley grasslands whose type is conditioned by the charaster of
the soil and the efflciency of the drainsge, These woodlands merge into undif-
ferentiated woodland to the north end to the south of the main intertropicel
forest belt, At the interzones Igoberlinia dominance is replaced by othsr species,

Wild fauna is distributed throughout the Savanna according to spscific habitat
requirements. It has been shown by Peirides et alia that, providing these require-
ments are met, it is poasible for a given area to sustain a much higher weight of wilg
herbivores than of domestic stock dus not only to the full use made of the environment
by a wide spectrum of wild herbivorous species with differing food preferences, but
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also to thelr more efficient forage conversion. Moreover; wild animals have a rela-
tively high naturally induced immunity to endemic diseasa.

The optimum condition of energy exchange is found in 2 naturally regulated ecosys-
tem. Thia ideal is now hardly ever achieved owing to the direct or indirect influence
of humen activity and the ecosystems are consequently either vulnersble or in a siate
of mctual instability, Some degres of compensatory management is therefore necassary
coincidentally with any mansgement system directed towards a partlcular form of wtili-

zation of the wildlife resource,

III, METHODS OF UTILIZATION OF THE WILDLIFE RESOURCE

) In plamming the development of wild lands the potential economie productivity of
wildlife should be teken into account, to be made use of elther during a itransitory
period towards some other intensive form, or es a maln objective in a scle or a mul-
tiple form, of land utilization. The degree of management necessary io achieve the

utilization of the wildlife resource as a main objeotive mey be considsrable,.

If proposed development is such as to exclude the feasability of utilizing the
wil@life resource, the problems arising from remmant or invading wild animals should
be recognized, az should the effects of denial of the development area to wildlife al-~
already under some form of management in neighbouring areas.

The potential economic productivity of wildlife mgy be realised in a variety of
ways 1

a) Tourism and Reoreation :

Cheap and quick air communication brings the continent of Africa within reach
of industrially developsd countries whose crowded populations have the means and
the desire to seek the recreation and mesthetic refreshment offered by African
wildlife. As the African countries themselves develop, so are their own popula=-
tions also beginning to appreciaste this human search for psychological tranquil-
lity and satisfaction.

National Parks are suitably ohosen areas whose management is directed towards
the maintenance 1n perpetuity of a viable ecosystem of natural fasuna and flora dis-
played for public enjoyment by the discreet provision of tracks and where agcommo-
dation fasilitles are made available, Although seldem economically self-supporting,
they are the magnets which attract inoreasingly large numbers of foreign visltors
to the countries in which they are situated, from whom a very substantial revenue
is derived during their stay.

Some of these visitors are prepared to pay heavily for the privilege of hun-
ting particular animals., This demand nay be sufficliently great as to justify the
reservation of certain suitsble areas where management can be applied to providea
8 mustained yield of trophy animals for wealthy sportsmen, Apart from indirect
reverue accruing to safari outfittera and from other inecidental expenditure, a
comparatively high cash return from licence and hunting fees can be obtailned.

b) Gontrolled Hunting :

Wild animals are prasent 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 represents a locally profitable use of the wildlifa
resource where wild animals densities are too low to 2llow of a more intsnsive
utilization, In large asreas of tse~tse fly infested Brachystegla woodland human
vorulations are comparatively small, Excepting in very limited localities, domes-
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tic stock can only be kept under conditions of strict prophylactic treatment, and
wild animals, although their densities ere fairly low, 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 guo-
tas for each speciss, a mechanism to enforce the regulatory legislation, particu-
larly when wild animals are concentrated on the valley -grassiands at the driest
season of the year, and to improvement of grassland condition and water supplies.
An organized system of distributicn and sale of game meat and products can also be
introduced, through, for example, a co-operative system,

c) Game Cropping :

‘ A development of controlled hunting by mach more intenaive management is the
usea of sultable wildlife populations to produce the maximum possible sustained
yield. To achieve this requires considerable prior research, refinement of hun-
ting and processing technigues, and the exercise of sirict control over other land
uses, OJame oropping is alresdy profitably practised in grasselznd areas of Rhoda-
sia and South Africa, and has proved that the higher potential productivity of
wild animals can actually be realised, Such cropping can be applied both {o com-
pletely wild areas and to arezs where domestlo stock are also ranched, then giving
a dual crop. A proper understanding of the dynamlos of the wild populations in
guestion is necessary in order to induscs a population explosion in the species

and then to maintain explosion point, when the maximum possidble offtake may be
obtained. Intensive management is obvicusly essentlal and must include full con-
trol over incidental human activities. The main reason why game cropping is not
more widely praotised is due largely to the politiocal and soolal difficulties of
applying this type of control ito public lands, for unless such conitrel is guaran-~
teed, the ocomparatively high cepitel invesiment necessary in & oropping scheme
will not be fortheoming.

Methods of processing and marketing the products of game cropping depend upon
local circumstances, but it i1s in these that the greatest expense lies. It is
thus of advantage tc have a ready markst near at hand, when processing and trans-
port costs are minimal, There is however a considershle potential expori market
for game meat in s canned or deep~frozen form both for human consumptiomn and for
tha pet-food trade. The latter could also abhsorb powdered or dehydrated meat.

In these cases capital investment in the necessary plant is very high and the
successful implementation of management must be assured to the investors, be they
Governments, contractora or private companies, Game cropping in a modified form
is practised 1n many paris of Africa where use is made of the products of animals
negessarily killed in populaiion reduction operations of, for example, hippo and
elephant.

d) Ranching of indigenous Animal Species t

Thia represents an extension of game cropping where indigencus animal apecies
are ranched in substitution for domestic stock by methods which approximate to
oonventional cattle range management practices., This makes use of the more effi-
clent environmental adaptation of Indigenous species and those used for this pur-
pose should therefore be those whose natural habitat is represented by the range
upon which they are to be managed. Such species mus{ also be capable of becoming
amenable to some degree of contrel, handling and confinement, Eland and buffalo
ars already ranched with success in some southern parts of Africa., Again, this
type of management demands the striet range control which can only be achieved
through some system of tenure of the land by the operator.
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IV, CONCLUSION

¥hile the directions in which the utilization of wildlife may be developed to
economic advantage have heen indicated, the feasability or desirability of this tyvpe
of development can only be assessed in the local context of the prevalling circums-
tances of each particular area. This assessment has to be made by local planners,
who should, however, be aware of the possible ways in which the wildlife resource
could be utilized. They should alao be aware of the full implications of the neces-
sary management practices, and should realise, insofar as information ie available,
the relationship of wildlife to human beinga and their qomestic stock with regard to
disease and general use of pastures and water.

In the preparation of any developmeni plan for savanns areas, international
organizations can assist in several ways. Firstly, edvisors can be made available to
the planners io recommend how the wildlife resouros could be used and to explain the
problems likely to be encountered from the presence of wildlife in thaet area; =econd-
ly, ressarch workers can be provided to obtain information necessary for a management
plan involving wildlife, thirdly pilot experiments for large scale projected wildlife
utilization schemas can be set upy and fourthly capital injection for auch large
scale schemes can be provided.
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HUMAN AND INSTITUTIONAL FACTORS: SOCIOLOGICAL AND RELATIVE
PROBLEMS OF SHIFTING CULTIVATION, NOMADS AND SETTLEMENTS

Murray Lunan
Agricultural Research Crganization
Rural Institutiona and Services Division
FAQ Headquarters, Rome

There iz a tendenoy, in projeots and schemesz of all kinds which invelve both
technical and human factors, to concentrate on the technical aspects. This tendency
is particularly apparent in projects like building a dam or organising a settlement,
but exists also in big area development schemes and national plens, The resason for
this 18 not far to seek, When we build a dam we are dealing with something tangiblae,
we know that, if we follow the specifications and take the necessary precautions, our
dam will serve its purpose and show results for the expenditure of our money, skill,
effort and time, When we deal with buman and institutional factors, there iz no exact
mathematical or scientific formila to follow in order to ensure success. We cannot
apply experience gained in one ast of circumstances directly to ancther set of circum-
stances and we c¢an rarely say with confidenca that the project is finished and is a
success,

Everyone who has worked with rural people and farmers knows that they cannot ba
changed gquickly from one mode of life to another, from nomads to settled farmers, from
shifting cultivators to settled homesteaders, from pastoralists to crop husbandmen or
from drylend farmers to irrigation farmers, It is perfectly natural that the habits
ingrained by tradition and the security engendered by kmown forms of agriculiture are
reluctantly abandoned for new and strange methods, even though the benefits of these
have been shown by demonstration. In my experience it ftock a minimum of thres years
for the majority of farmers to accept a new practicey; even the most obviously henefi-
clal, after the leading farmers had accepted it, OCften 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 incomes and improving standerds of living, it is tempting for
Governments to use administrative pressures and to replace the long and slow process
of teaching and demonstration by guicker and apparently more effective methods. Some-—
times, the hope is expressed that after the farmers have been pressed t0 use a new
practice they see the benefit of the change and adopt it as a habit, s0 that the
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pressurs can be relaxed, Nevertheless-when adminisirative pressures are withdrawm,
the people umially revert to their former ways and nothing can, in the long term,
effectively replace patient explanation, teaching and demonstration to persuade
farmara to adopt & new practice.

It follows that if a projeot involves both techniocsl factors and human factors,
progress in both must be engouraged simultansously, after the initial exploration,
survey and inveatigation e u that a project ia physically, egriculturally and
economically feasible, It is timewasting and inefficient economically to complste a
dam and irrigation laycut end then begin work on providing the research, extemsion and
other services that are necessary to enable the farmer to make full and economio use
of the water provided. BSuch human and institutional sspects must be studied and work
begun on them at the earliest possible moment, even though it may be posaible to treat
some ggpects on a small scele only, e.g.y teaching irrigation farming before a large
irrigation dam is built, '

The human and institutional factors and the sociclogical -problems of projects such
as gettling of nomads and stabilising of shifting cultivators, vary in relative impor-
tance with every project, bui normally the following aspectz must be considered and
those which are absent or weak must be atrengthened, otherwlss the project will be a
failure, This is not exhaustive and is merely a brief summary of feotors to be consi-
dered 23 a basis for further discussion,

l, LHessarch - Normally for the purpose of e project, it is not necezsary to do baaio
agricultural research, but merely to do adaptive experiments which apply to the local

conditions reseerch done elsewhere, BEven such simple adaptive research takes time and
should begin early sc¢ that the agricultural questions of the extension workers and in

turn of the farmers can be answered,

2. HExtension -~ Agricultural research, where results are not made known to the far-
mera, is pointless. A well-informed and dedicated extenszion service ia essentlsal to
pass on to the farmera the results of research and to make the farmera' problems known
to the research workers, It i1s important that the farmers not only accept, but en-
thusiastically support the projeot and this can only be achieved by government plans
being explained to their leaders in advance and acoeplted by them.

3. Credlt ~ All the advice of extensioniste has little impact if farmers lack the
means to obtmin c¢redit for the necessary purchases of lmplements, equipment, fertilis-
ers and insectiocides, planting material and sometimes labour to put the edvice into
action.

4, Farm Supplies and Services - These includs the provision and hire of implements,
contract ploughing, fertilising, pruning and spraying services, vermin contrel, ete.
These may be provided by Governmments, Marketing Boards, Cooperatives, or private enter~
prise, In many developing couniries there is need to increase such services and provide
the farm supplies at least in the pioneering stage if development of farmers from sub-
siatence to profitable farming is to be achleved.

5 Marketing Facilities - An attractive, stable price for his produce ias the best

. incentive a farmer can have for increasing his crop production, The estsblishment of
satisfactory market facilities is necessary to ensure the success of a project invol-
ving increase in production of crops or stock, yet this aspect is sometimes neglected.
In many developing countries this .is provided through cooperatives, so that farmers
feel that they share in the profiis of marketing in additien to the production of the
raw product,




. =191=

6. Land Tenure and Tenancy Arrsncements ~ There must be secure and equiteble land-
holding arrangements to permit the optimum productiion from a project, There are many
waya in which this can be achieved t - individual, cooperative or communal ownership or
enlightened and secure tenancy arrangementss It may be necessary in a projesct, such as
sn irrigation scheme, for the Authority 4o have land rights over the area sc as to have
the power to eviet individuals whose motivities harm the rest of the tenanta. Many
irrigation schemes have failed because there was nc clear-ocut understanding among the
tenants what their agriocultural and finsnoial obligatione were and neo control by the
authority over the a¢tiona of the tensnts,

Te Training of Field Staff and Farmers ~ An essential feature of most agricultural
development and settlement is the $training of field staff which are usually inadequate
in numbers and ebility to undertake the greatly increased duties that such developments
involve. The greateat need 1s usually for the middle grade field worker and technician,
and the training of these should have high priority. It is elseo important to supplement
extansion work among fermers by short~term courses of a highly practical nature for far-
merp themaelves,

8+ Orgenisational Arrangements - The Government body responsible for agricultural
development invelving settlements, stabllisation of agriculifure and irrigation schemes
may be the Miniatry of Agrioculture, or of Agrerian Reform, or of Lands and Natural
Resources. Alternatively, such develcopmenis may be supervised by some autonomous or
semi-gutonomous authority responalble for the specific region or type of development,
Whatever the responsible hody or bodies may be, it ia essential that coordination of
ell associated enthorities is echieved, both in agricultural =aspects and the aspects
whioch are the responsibility of cother Ministries and Departmente such as Public Works,
Hemlth, Education, Loocsl Government, This can be achieved by an inter-ministry autho-
rity under the Chief Minister or some other Senior Minlster and at field project level
by regular team meetings of the local officlala and anthorities concernmed. To make
-coordination at field or project level effective, there should be as much delegation of
authority as poasible to the leccal officiels omn the spot. Only by such coordinaticon
can duplication of work be avoided and a uniform policy put into praoctice., If an
authority 1s set up to be responslble for developing settlements, it is important for
the normal Government departments to take over responsibiliiy once the development
stage is over. Af fleld level, it is imporiant that officiamls should have as little
ad poasible of edminlastrative and financial burden to carry and that they should have
every possible facility such as itransport and equipment to carry out the duties for
which they are talented and trained,

Conclueion

This is a highly eimplified summary of some of the human and institutional factors
which must be considered when planning and implementing & project or setilement scheme.
In moat countriea in the Savannah region, there is a shoriage of {rained and experienced
men in the various agricultural and assoclated disciplines to underiake all the tasks
which the increasing tempo of development demands, It therefore is of paramount impor-
tence to step up the speed of education and training of egriculturalista of &ll gradas
and, secondly, by careful plenning and ocordination to utilise the existing akilled
manpower in the best posaible wey,

Al]l of you must have experience of the ways in which humen and institutional fac-
tors can make or mar g project or a reglonal cr national development plan. Thiz brief
introductory paper merely serves as a basis for discussion and interchange of experien-
ca to assist in the preparation of better balanced plana for projeots, settlement and
development schemes ln the future, -
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1. INTRODUCTION

The development of agricultural research and the improvement of cooperation
and conditions of technical and financial aid in this field are problems of primary im«.
portance for agricultural development in Africa, Rapid agricultural progress, involy—
" ing  sizeable increases in the productivity of land, labour and capital, is essentidl for
' the economic development of theAfrican countries. In the more advanced countries,
such progress has been facilitated by the results of substantial and continuing efforts in
research, and similar 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 sc
vast that if it is to be solved there must be an appreciable improvement in efficiency

through better organization and cooperation between all parties involved,

There is a growing awareness in some countries that these activities and
technical aid to support them are becoming more and more necessary in all scientific,
economic and social fields of agricultural research in the tropics. This paper con=
siders 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 Africa and the different forms of technical assistance
which are offered are numerous and vary to a considerable degree both in policy and in
organization, It appears also that efforts made and aids given do not sufficiently cover
the subject matter fields involved., It can be stated that the various research institu~
tions and sources of assistance are usually insufficiently 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 avoeid duplication. Nevertheless, there
is a certain amount of experience in interegovernmental cooperation (regional projects)
and liaison between different sources of technical aid which could provide a basis for
closer cooperation in the future.

II. MAJOR PROBLEMS ENCOUNTERED

The development of agricultural research ia 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 research get into the hands of the field services ina
form in which they can be put to practical uae,

1}e Manpower,

Lack of qualified personnel is certainly 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,
demographic expansion, progress in science and technology, the development of research
organizations and the competition to 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 forms during the last five years without so far having improved
their efficiency,

Financial and physical aspects (infrastructure) appear to be other main
barriers 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 qualified
research workers far surpasses the available supply, particularly for those possessing
tropical research experience.

The volume of current requests for personnel under biwlateral and inter-
national technical assistance programmes and the difficulty experienced in filling posts,
re~emphasises the seriousness of this problem, From the difficulties experienced by

industrialised countries in training and recruiting sufficient numbkers of agricultural
research staff, it is apparent that one of the crucial obstacles to development in Africa
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 research
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
environment and social amenities,
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Research workers who are capable of integrating several scientific disciplines,
of comprehending technical as well as poclal and economic aspects of a research project,
and who are interested not only in making new discoveries but also in their practical
application, are very dlificult to find, Yet it is this type of research worker, poesessing
a wide range of experience who is best suited and most urgently needed to lead and cons=
duct agricultural research programmes in developing countries.

2). Organization and Implementation of Research Programmes.

In erganizing and implementing research programmes, the need for an inter-
disciplinary approach and for relating research to the requirements of agricultural
development plans are factors of prime importance,

Much of the agricultural research undertaken in developing countries does not
fully reflect the multi-disciplinary nature of the problems involved, Development pros
jects are often embarked upon without the necesgary basic studies having been carried
out, while in other cases, studies 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 problems as
well as the economic and social side of agricultural development.

There ia a pressing need to avold competition and duplication through closer
cooperation between developing countries, between developing and developed countries
and between bjlateral 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 needs 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 presinvestment surveys
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 isolatioh and
too many sow-called research stations conducted by one research worker only, Multis
purpoee projects led by teams of research workers at multi=disciplinary research
centres which also take into account problems involved in the application of research
results, are to be found only in limited numbers,

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 similar, it is highly desirable that regional coopera=
tion in research should be established on an ecological basis,

II. 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 first steps should be to make better use of the trained and
experienced personnel already available and to reorganize existing activities as much as
possible in the form of rnulti-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 research and intensifying
methods of co-operation is to establish Regional Agricultural Research Programmes in
Ecological Zones, supported by blelateral and multi~lateral assistance as the basic
frame for inter~governmental activities in the field of research and development, The
primary objectives in organizing interecountry research on an ecological basis are to
avold duplication and to make more effective use of available funds, trained manpower
-and facilities for agricultural research, to investigate the common problems of the par=
ticipating countries and to obtain research results readily applicable throughout the zone,

The interdependent nature of agricultural research preoblems in some African
‘countries is well knawn, .Ecological zone research programming is, therefore, an
‘effective and rational way of isolating and selecting the research priorities of the greatest
scientific and practical significance to all countries situated in the same ecédlogical zone,
Joint facilities, research results 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 such programs would = strengthen national instie
tutes working on both national and regional agricultura.l research programs. In the
implementation of regional research programs, the aim . would be to approach the

multiedisciplinary aspects of agricultural problems on the basis of the whole ecological
area involved,

By grouping several countries together 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 prioritl.ea and common problems and to
agree on regional projects which call for intenaive co-operatmn and co-ordmated action.

Problems common to a variety of countries are more likely to be solved
thrmxgh close liaison and efficlent working relationships between all the countries con=
cerned, rather than by each country attempting to solve these problems alone, Isolated
and understaffed inatitutes and stationa cannot 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 finane-
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 institutea, which are
outside thelr immediate control, Nevertheless, this does not apply to Regional Institutes
created and provided with longeterm financial support entirely by private groups or
foundations (i.e. Ford-Rockefeller), On the contrary, such institutiona could form
bases 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 organjzation of research on the basis of ecological zone programs
would not affect bi=lateral or multi=-lateral assistance arrangements in any given country,
as each of them would continue to carry out its own 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 unprefit -
able competition. It would not only strengthen closer co-operation between countries
confronted with similar problems but would also foster and increase the contribution of
external alds, 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, asa
‘well as to 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.

It is brought to the attention of the meeting that during the second half of 1967

FAO will hold a "First 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, te compare the different national research programs and to atudy.

and draw up plans and measures in order to set up a workable and sound regional proe
_gram . on the main problems facing agricultural development in that ecological zone of
Africa,
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ECONCMIC ASPECTS OF SAVANNA DEVELOPMENT PROJECTS INCLUDING
ELIQIBILITY CF PROJECTS FCR INTERNATIONAL FINANCING

J«Ca Abbott
Daputy Director
Beonomic Analysis Division

In opening a. discussion of the aconoric aspects of Savanna development projects
one should probably begin by re=-stating an essential principle of economics - that .
we are concermed with a problem of choice. We ha.ve to decide which specific projects
merit priority in investment.

In Savanns  regions water is a scarce factor virtually by definition. land is
plentiful and so is unekilled lador in relation to factors of production other than
land. Investment capital and management resources may, however, be almoal as scarce
as water, So while we recognize that putting water onto arid lands can achlieve a
siriking increase in sgricultural output, we have to examine carefully where tkhis
would be most advantageous. Consideration not only of relative cost is involved, but

. of rslative benefits and with how long a walting pericd. -

A, Choice of aress for pre-—investment projects

Certaln oriteria stand out cleerly ss regarda the initial cho:l.ce of erea %o
study. 1/

1. lack of foreign exchange to pay for indispensable imports of capital goods is a
basic handicap to the development efforts of the Savanna ocuntiries. This means that

in long-term development plans high pricrity must be given to the reglons which can
develop exports most rapidly, i.e. ereas with a production potential of beef, c¢itrus,
long staple cotion, or other products in international demand. Production 4o replace
imports of rice and sugar, for examplas, would achieve the same goual, Such production
for export or import substitution would be most successful where there is easy transport
to the main shipping a.nd/or population center=z,. Past experience shows that areas open
to external trade have generally developed most rapidly and contributed correspondingly
to overall progrese.

2. In a developing economy capital is extremely scarce and great cere iz needed in
allocating it, In particular, neral infrastructure costs should be kept at a minimum,
Interrelationshipe with other investments have therefore always to be taken into account,
There have been deliberate atitempis to develop a particular region without considering

1/ See FAO Agricultura.l_ Plamning Course 1963, Reme, 1964
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the national framework, btut the adventage has rarely been manifest. Since the location
of general infrastructure investments may be largely determined by non-aegriculiural
factors, attention should be given to the possibility of locating agricultural
infrastructure invesiment in areas that will aso have the benefit of transport, power
supplies and industries., The returne from hoth types of investment are then likely to
be lerger per unit of capital outlay and to come more quickly. The Juba and Shebelldl
project, for example, would c¢ertalnly seem central to the economy of its country,
peThaps alao the Volta flocd plaing some of the other Savanna development projecta

are less so.

3+ Increasing employment upon productive enterprises is a sound investment goal.
Thus the Gezirsh cotton orop atiracts labor from Kordofan after the local harvest has

been completed. But this does not necessarily mean investment to create employment on
the spot. Particularly where resources are limited, 1t ia important to invest where
the returns are greatest and let labor move to the opportunities created, as has been
the tendency towards the tropical zones of Chana from the drier areas to the north,.
Developing countries cannot spare much capital for areas where incomes would still
remaln so low aa to leave little possibility for saving, reinvestiment and suatained
development,

4. Keeping people In the rural areas is an oft quoted policy objective; but the
reversal of an established trend should not alone ba & beals for investment.

5. We all know that social and pelitical factors may in practios play a major part

in the choice of region to study. There can be some economics behind these too. The
cost of relief, and perhaps more urgent measures needed in face of politiocal discontent,
can run very high on a national basis, While such considerations may inspire a project,
economic experience should still play its part in the consideration of molutions,

While these poinis all merlt attention, declsions on particular pre-investiment
atudies mist always be taken within the context of the development policies of the
country concerned., Of the Savanna countries, Senegal, Niger, Nigeriaz, Chad, Sudan
and Somalia have current development plans.

B, Factors to consider in pre-investiment studies

It is now recognigzed that institutional factors such as land tenure, access to
credit, educational and extension services, pricing and marketing systems, etc. bearing
upon incentives to individual producers, play a vital role in the succeseful implementation
of development projectas. In this paper, only a brief ireatment of difficulties on the
marketing side will be attempted. 1/

1. (a) Cash returns to producers depend on their goods reaching & consumer. There-
fore, the success of a project to change a Thysical production pattern depends on an
effective organization to bridge the gap betwesen producer and consumer, This gap may
be of varying width and complexity.

(v) Detailed research on markets, on consumer preferences, etc. — where not
already available as for standard export precducts = may be needed to determine which
producta to grow and which varieties of these products, Other marketing factors -
eage of handling, durability in transport, suiltability for processlng, etc, - have
also fo be tzken into sccount.

l/ J.C. Abbott: "Marketing Studies, Organization, Methods and Service for Development
and Settlement Areas" -~ Montly Bulletin of Agricul tural Economics and Statistics -

Vol. 13, No. 5, May 1964.
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(c) The cost of marketing can cancel out efficiency im production. No matter
how sultable an area may be for production and how acoeptable the product in consumer
merkets, if the coat of getting it to those markeis takes too high a share of the
final price, then production may be uneconomic except on a gubsistence basis.

(&) Greatly improved marketing organization may be essential 1if full advantage
is to be taken of favorable production opportunities. In many situations there iz a .
need not 8o much to reduce the cost of marketing as performed ai present, but for much
more elaborate and comprehenalvely organized marketing systems. This would be needed,
for example, to make worthwhile growing fresh tomatoes or sirewberries in the Jebel
Marra, and generally where produce has to be sold on compstitive export markets, For
fresh fruit and vegetable marketing over long distances, uniform and precise greding,
packing, tempsrature control in transii, timirng and adjusiment of total quantities
delivered to particular markets, and conamistent and thorough sales promotion are vital,
The successful entry of QJegirekh cotton onto Eurorean markeis was zlso due in large
part to the particular marketing organization selected,

2. Distribtutive organization to furnish production supplies and consumption regquirements
is also needed. If fertilizer, insecticidea, farm machinery and tools, etc. are not
readily aveilable at low cost, the pgricultural production targets on which a project

is based may never be atitained. If a suitable range of consumer goods is not obtainable
conveniently and inexpensively, there may be little incentive for farmers to obtain
income beyond that needed for subsisience. Perbaps this hes been taken too much for
geanted in the Savanna project studies available to-~date,

3. Proe-invesiment studiesz for a particular area are generally best carried out on

an integrated economioc tasis even though its rescurces ssem ito ba primarily agricultural
in charaoter., Means of transport that would not be sconomio for sgriculture alons

might become avallable 1f thare was 5 profitable return load or cut of meamson use

tassd on other demands. Mining, industrial, military or other non-agriocultural
aotivities can change radically the market picture. The development of tourism based

on game parks, archasologlcs]l or historical assoclations, eto., can in some situations
pey off better in foreign exchange earnings than agriculture alone. This could be

highly relevant in & country like Chad.

C. Appraisal procedures

¥ith these aspecis tsken into consideration we can move to an appraisal of a
project pre~investment atudy or of recommendations and projects arieing from such a

tudy-
Strategio inveatment criterias are:

(a) Economic benefits =— the additional income produced (in the whole project
area or by the establishment of a particular enterprise or service within thet area))
the gdditional employment createds the increase in income per person employed
(particularly if previously incomes were considered to be below acceptadle levels)y the
net contritution via taxes 1o the cosis of local and central governmentj contributions
to socinl services; additional rents paids and the accumilaticn of mcney for future
investment through amortization provisions should also be counted.

Indirect benefits such ss payments to trensport and other services, and induced
benefits due to the spread of new money through the economy, the so=callad multiplier
effect of earning created by a project should also be considered, likewise the economic
surplus, i,e, if internal prices of some foods, eitc. are lower as a result of the
additional output created by the project then consumers are left with more money to
spend on other things.
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In practice indirect and induced benefits often receive only descriptive mention
because of the difficulty of quantification. Generally they are regarded as providing
additional justification for an otherwise sound project. '

(b) Investment cost - total cost in relation to the finance available from
outaside including provision from within the countiry for continuing services including
naintenance of roads, etc.y the cost per employment unit createdj the cost per
heoctare of agricultural land improved. )

(o) BScarcity of specific resources — e.g. lend, water, forsign exchange, special
skills, managerial and edministrative capacity. Their relative scarecity in a particular
- country or region may set limits to the scale or nature of an investiment independent '
. of the probable return. Such scarcities can be taken into account in economic calculations
by the use of "shadow prices" as opposed to market prices. Thus the rate for foreign
exchange may be set above that uzed officially. The wage Tate for labor may be adjusted
to reflect previous undsr-—employment, s.g. if there was only 40 percent employment then
one might value labor at 40 percent of the standard wage. Wages for peasanis working
on thelr own land should reflect alternative earning opportunities open to them,
and might be set at zeto, Scarce trained government adminisirative and service ataff,
bowever, should proba¥ly be valued at more than the official salary scals becauss
of the high economis cost of keeping them off other work. Froducts that will replace
imports can bte valued at the price of the imported produce even though the substitute
may actually be acld at a different price. Though assignment of "shadow pricea™ will
often be a matter of Judgment their use is likely to result in a mors realistiec
economic appraisal. Once adopted, they should be used uniformly to caloulate current
rroduction end investment costis as well as net value added. .

(d) The i_ ﬁ? . factor - i.e, the delay until the benefits foreseen from investment
are realized and the duration of such benefits, From a financial point of view, the
rate of interest payable on the capital required is important herej usually a long wait
for the sventual benefits ims only feasible if the rate of interest charged is low.

(e) BRates of return — One should distinguish carefully between: (i) the financial
{or private) rate of Teturn, i.e. tha return to the entrepreneur on the capital he
invested; (ii) the economic (or sccial) rate of return, i.e. the return to society as
a whole on all development efforts made in terms of net increases in gross national
product., In making such return calculations, the "internal rate of return" which avoids
the choice of an interest rate and takes time effects fully into account should be
preferred. Internal rates of return are better and more precise criteria than the
traditional coat/benefit ratios, Particularly when used with shadow prices, they are
the most comprehensive posaible criteria incorporating all other criteria mentioned
abave. ‘

The internal rate of return is the discount rate at which the total present value
of all expected future net annual returna exactly cover the present value of total
corresponding investment. 3/ If this rate is well above the going rate of interest
on leng-term loans, e.g. 15 percent as againat 6 or 8 percent, then the project offers
substantial investment apreal. Bowever, a delsy of say 10 years until a project comes
into the phasza of full returns can reduce this rate of return substantially because
of the heavy weighting of intereat charges during the early umproductive period. See
the following exampless

Discount rate

ad 1 7°

7 ssssesdesanne

Preaent value of $100 to be received in 10 year's time 55.80 38.60
. Present value of $100 to be Teceived in 20 yesr's time 31.20  14.90

1/ Por further illustrations of procedure, etc. see F. Rosenfeld: Tochniques d'Anaiyae
et d'Evaluation des Projets d'Investissements - Etudes Tiers Monde, Freases

Universitaires de France, Paris, 1066s
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In practice a long delay before returns come in is only acceptable, espscially
in developing countries whers capital is scarce and the going rate of intetest therefors
usually high, if the eventual benefit is very great indeed, Thus recognition of an
economic interest rate of at least 6 percent in these days bears hard on the recommendetion
of a 40 year project for the Volta Flood Plain based on an interest rate of 2-1/2 percent.
The annual cost is increased by more than 50 percent.

Commonly used preliminary and incomplets measure for comperison of alternative
projects is the capital ratio, that is the total amount invested divided by the
average annual value added when the project is in full operation. The ratio for large-
scale agricultural investments ie usually between 3 and 5. A higher ratio would imply
above normal invesiment costs in relation to the return.

Comparative measures for Savanna projeots on which reportas are available are:

Project Cost per hectare Capital ratios
Shebelli River Control Dam ' 300 3
Volta River Flood Plain 1450-1770 8.3

The level of invesiment comst per hectare likely to find easiest acceptance by
the IHERD, for example, would depend on the type of cropes to be grown. $1,000 per
hectare might be acceptable for citrua with access to export markets but would be
too high for rice. '

Calolation of internal rates of re*urn has not been attempted. Cleerly it is difficult
for complex area development rrojects involving a rangs of costs and benefits not
easily susceptible to measurement, but it is guite feasible and indeed neceassary for
gpecific projects within a more general developmsnt plan.

Training projecis are more difficult to appralse in economic terms, However
it should be possible to quantify the mocial benefits from investment in providing
treining facilities in the developing countries and so attain a measure for use in
eesigning priorities as between projects in different fislds, 1/ It may be thought
that the need for irained men is obvious. We have still to consider the appropriate
allocation of resources betwesn general and specialized education, and 4raining at
different levels, and the cost of training under a specific project with that of
obtaining comparable training elsewhere. Comparison on this last level is falrly
easy and this is the minimum of economic appraisal that we could expect in the projects
under digoussion. Some relevant data are:

Project Cost per trainee
month (excl, £ixed investment)
University of Khartoum 2/ 130 )
University College, Ibadan 2/ 320
Ecole Supérieure d'Agriculture, 2/ Tunis 206

1/ D.G, Mo Clelland has estimated the economic Teturn on investment in university
education in the developing countries at about 12 percent. "Doea education

accelerats economic growth?" - Economic Development and Cultural Change -~ Vol.
XIV (3), pp. 257-278, April 1966, - ~STSopiont apl LI oA

2/ Assuming 9 months attendance.
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Project ‘ Cost per trainee

month (exol, fixed investment)
$

Agricultural Training Center, 1/

Bobo=-Dioulsaso, Upper-Volta 173 + 30
Forestry Research and Education Center, 1/ 2/ :

Sudan 90 + 30
FAQ Fellowship in Furope 3/ 330

D. Financial eligibility

So far as internatiocnal lending is concerned the aligibility of a project can
hardly be dipaociated from the credit worthineas of the countiry in which it is situated,
‘The main economic criteria for oradit worthinese are the manner in which savings and
other resources are invested to increagse production, the rate of growth of the population,
and the past record of repayment of outside loans.

Coming to the preject level, a aspeaker for the FﬁO/IBRD Co=operative Program at a
comparable meeting in Latin Americe etressed the nsed for oclear information on the
following pointa: 4/ :

(a) the motion implications of projects i,s, the specific steps involved in bringing
the project inte execution, e.g. the eatablishment of farms, housing, roadsg

{b) the project costs, with its fixed costs for a period of time, operating cost
eto., broken down by foreign and local costsm)

(c¢) the benefits to the economy of the couniry, in terms of added value of
production, foreign exchange earnings and other criteria discussed earlier in
the paper; -

(d) tke returns at the level of the beneficiary. The return to an irrigetion
authority set up to operate a project is needed, also estimates of income
streams and cash flows at the farm level. The returns to the project bene-
ficiaries indicate whether the beneficiary is capable of Trepayments

(e} who will manage a project? what are the responsibilities of all the agencies
of parties who would be involved in this, Staffing can be a great limiting
factor sc that from the very beginning project managers should face the
problem of whe is going to get 1t off the ground, and how will it operate;

(£) an indication from the country of what domestic Tesources could be mobilized
. Tor the projecty it is preferable that the direct beneficlary of the project
also makes the maximum contribution, because his intereast will be only as strong
as his financial commitment.

%/ Initial costs with UNDP/SF support internstion mtaff and estimate $30 for board.
On the basis of {5 percent of resources devoted to training,
On one year bmsie including travel.
&/ FAQ, Report of latin Apmerican Meeting of UNSF/EAO Project Managers and Co-llanagers,
Santiage, Chile, Oct.1965.
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Questions of the following order must be answered: How would repayment of the
costs of the project be made? Is there provision for revenues, ¢.g, from taxation,
water charges, etc,? Are there sepsrate provisions for repsyment of cepital and
interest costs and for repayment of operation end maintenance cosis? Is the cost of
civil works to be allocated to individual farms and, if eo, how? What is the cost
of on-farm works and on what terms will they be met? What is the expected annual
payment per hectare or other unii{? What is the {total and per hectare charge for
operations and maintenance? When would charges becoms applicable? How would payment
be sacured? Supposing a loan wers obtained how would it be repaid? How would local
costs be financed?

It appeared from the Santiago meeting that the most difficult projects to finance by
an international banking inetitution were thome involving a high element of local
costs and a long waiting period. This was particularly true of afforeatation and
re-forsatation projects.

These points reflect the requirements of a potential lending agency. From
the point of view of the sponsors of a particular project the relative likelihood
of its appealing to different sources of finance is an imporiant consideration. They
will be well advised to take into account in their presentetion the requirements gnd
interests of different potentisl lending agencies.

Undexr IERD procedures, two types of agricultural programs could be financedj
first, irrigation or other capital intensive public works, and secondly, farm egquipment
and requisites, meostly through intermediate institutions. Its approach to agricultural
lending is now more flexible end finance for area development schemes and the
strengthening of agricultural institutions, including oredit agenoies is now more readily
availeble, Moreover, certain current’ expenditures are now eligidble for Ffinancing during
the project development period, Howaver, the interest rate and time of repayment refleot
the Bank's dependence on fund-raising in the open market.

The Internationsl Development Association can make loans for up to fifty years, at
a nominal interest rate, primarily to meet requirements in the financing of "social
infrastructure" - education, environmental hygiene and housing,

The Development Fund of the Six Common Market Countries for Associated Countries
is prepared to finance social and economic development projects. Bilateral financing
terms may be still more favoratle for projectis of specific interest to the lending
country. Such assistance will probably be more readily available if there are sultable
national financing institutiaos to help administer it.

The ecope for using food aid to remunerate local labor engaged on improvement
operations and to maintain settlers while awalting crops from new holdings should also
be taken into account.
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