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INTRODUCTION

By
William Mares and Liberty Mhianga

If there is one thing that capitalist; socialist; liberal,
conservative, rich man, poor man agreed upon in the last two hundred years,
it was that the best of all possible economic worlds is one of unlimited
expansion. Millions of people have been killed in efforts to prove that one
system of ownership and distribution is better than another, but no one

questioned the notion that growth per se was an unalloyed gocd.

Thus, as Ignacy Sachs writes, "Only a profound sense of uneasiness
can explain why the theme of zero growth should have so captured the public
imagination and why 1t should have been taken up by public opinion within
so short a time, despite the fact that it represents a complete reversal of

(the economic thinking) of the last two centuriesssoo"

The sources of this malaise are manifolds they lie beneath the
Persian Gulfy in the thin scil of much of the world, in the choking air of
the world's metropoli, in climatic pressures and in the intractibility of

the human species.

What we are concerned with are the failings of the so=called
development process. Regardless of what happens with .ne notion of zero
economic growthy, it is abundantly clear that the poor countries continue to

experience more than their share of misery. Is there any way out?

Despite the universal currency of the term *development', the
fact is that as a concept and a discipline, development economics is less

than thirty years Oldol

As the governments of Western Burope put their economies back
into order after World War II; and as industrialised countries in general
shifted to peacetime economies, the consensus among economists was that
poor countries would be helped to develop by the very fact that the rich
nations kept running and expanding at more or less full streame Both
colonies and independent states would benefit from a sort of ‘*trickle~down?
effects By the mid-fifties, just as dew~colonisation began to speed up
and the economies of the industrialised nations were back in geary it become
evident to those who worried about such things that the trickle was simply
not sufficient. The poor countries were so poor that they did not even have

the bootsy let alone the beotstraps with which tc pull themselves up.

1, We draw heavily on the paper by Barbara Ward, "Half Full or
Half Emptys Our Planet", Adlai Stevenson Institute, 1974.
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Most of them had been sources of primary products for their former masters,
the prices for which were totally out of their control. They lacked the
infrastructure of public facilitles, educatiocn, trained manpower to function

as viable governments and economiese

Meanwhile, the onset of the cold war set the scene for the next stage
of development. Both blocs attempted to win friends and influence governments
by pouring large amounts of aid, grants and outright gifts into the under—
developed countries. In its most seifless light, the theory was stated by

WolWlo Rostow in his Stages of Boonomic Growtho The aid would help build a

platform from whick the recipient nation could "take off’® into the sunlit

uplands of self-sustaining material well~beinge

Swarms of aid-officials, technclogists and eccnomists spread out
cver the globe like locusts, testing this theory, that procedureo They
talked gbout product cartels, import substituticny leading sectors, rapid
industrialisation and new towns. Roads, dams, power stations were built.

Health and sanitation projects covered the underdeveleoped worlde

The gross national prodicts of these countries did grow, sometimes
as much as five or six per cent per year. But their pcopulations alsc grew,
alarmingly. Mortality rates plummeted while birth rates remained high.. It
was found that the smallest pepulation growth rate among the less developed
countries, about 2 per cent; was twice the growth rate of the population of
Europe in the nineteenth century, when that continent become heavily industri-
alised. It was a vicious cyele.

Rapid population growth tended to reduce the propertion of

current production which ceuld be allocated to investment in

new capital equipmento... What happens in many low-income

countries is a dualistic trend toward a significant intensive

development in a small segment of the economy, where

conspicuous advances are made in preductivifty and incomes,

while the major part of the lzbor force remains trapped in

activities with low productivity and a rising number of totally
or partially unemployed persons

Finally, as Lady Jackson writes, "the whole Atlantic transition
to the technological order was cushioned by a vast 'bonanza® of free inputs

secured by migration to all the planet’s remaining supply of temperate land."

2o Frank Lorimer in The Population Dilemma, Philip Hauser, editor
Englewood Cliffs, N.J., Prentice-Hall, 1963, p. 178,



-3 /oP 15

All of these somber thoughts spelled disillusiomment for donors

and recipients alikeo

Concern for the 'quality of 1life®, the pollution of surroundings in
the developed world, the disappearance of animal speciesy, the disfigurement
and defiling of urban and rural areas alike, had been the thin cry of conserva~-
tionists for some time. Few had heard and fewer heeded their warnings about
possible irreparable damage being done to nature by the headlong rush to
produce and consume more and more goodse In the late=gizxties more and more
people in the developed world had their consciences and senses pricked by
Rachael Carson, Stewart Udall, Barry Commoner and David Brower. They began
asking if economic development has to proceed in ways which befouled the air,
destroyed the land and which, in the image of one writer, saw the United States

sending a man to the moon while standing knee=deep in garbage.

For the most part, these cries of anguish issued from the well-fed
and the comfortable., But there was no question that over the world hung a
pall of doubt about where the limits of health, consumption and productivity
lay, It was this malaise which led to the United Nations Conference on the
Human Enviromment in Stockholm in 1972, TFrom the time of his appointment as
Secretary General of the Conference, Maurice Strong had his work cut out for
him. He had to balance the blocs, regional as well as ideological. He had
to tend to the needs of the small as well as the great powers. Most importantly,
he had to mediate between the rich nations and the poor nationse And if
there was one topic on which blood nearly flowed, it was the overall emphasis,

the sense of the conferences

"Mea culpa, mea culpa” cried the developed countrieso. The Japanese
delegation spoke as follows:

The world thinks we have done splendidly in the past twelve yearse.
They talk of our success in growing by 15% a year. They put us at
the top of the growth league in gross national product. DBut come
and look at the consequences. We no longer see Fujiyama more than
twice a year through the polluted smog. We have to take oxygen to
downtown Tokyo if we want to carry through a full day's business.
Our fish are so full of mercury that we have to cut back on our
favorite dishes. This is not a society in which people are going
to want to livey

3o I'rom Barbara Ward, "Half Full or Half Empty: Our Planet™, Adlai
Stevenson Institute, 1974,



- 4 /OP 15

"Selfish and pernicious notions these"; said the representatives of
many underdeveloped countries. "You have robbed us of our products; you have
the best farmland in the world; you have per capita incomes ten to twenty
times as large as ours and now you want us to cuit back on our growth to help

you out? No way!"

Thirty-three African countries participated in the Stockholm
Conference and fifteen submitted national reports on their own 'states of
the environment'. A group of African envirommental experts meeting in Dakar
prior to Stockholm, noted that, "They (the experts) warn the African
countries against the so-called dilemma; stagnation ('no growth!) or
continuation of the present ruinous system of exploitation of natural resources."
On the contrary, the African environmentalists considered that in their
present situation, the safeguarding and improvement of the eaviromment must
be made an integral part of their general development policy. This policy
must not only be based on their aim of achieving harmonious growth and on
their own specific values, particularly their cultural values, but must also
be derived both from an economic and social analysis, including social
costsy, and from ecological research; within the framework of a model

specifically designed to serve the interests of Africa's populations.

In consequence, they felt there should be no conflict in African

countries betireen Development and IEnvironmment.

It was the African delegations at Stockholm who took the lead in
broadening the definition of the basic term 'enviromment'. They asked
rhetorically why "poverty was not pollution", and if people were dying on

the land, was that not "spoiling the enviromment"? They demanded and
obtained a major concession from the developed countries that a distinction

be made between primary and secondary envirommental problems. In.the first
category were issues of health, sanitationy shelter and nutrition. In the
second were processes like industrial pollution, soil erosion, deforestation

and wildlife preservation.

Watching the vehemence with which the (mostly Western) non-—
governmental organisations pleaded their cases at Stockholm, the delegates from
the underdeveloped countries could not be blamed for seeing little difference
between concern for the enviromment and the conservation movement, which to
them seemed to hold animals more dear than people. Secondly, they found
it difficult to sympathise with much of the breast-beating over pollution.

"Give us your industry and we’ll worry about the pollutiony" said one delegate.
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It is a great tribute to the talents, patience and empathy of
Maurice Strong that the Conference did not break apart over this issue.
And it was doubtless with that continuing tension in mind that the delegates
decided to base the newly created United Nations Environment Programme in
Nairobi, Kenyae. This was the first time that a major U.N. agency was located

outside the developed world.

Some delegates from the developed countries complained that the
all-encompassing definition of the enviromment would dilute the whole issue
to the point of meaninglessness. TYet, in fact, it was really a confirmation
of biologist Garrett Hardin's aphorism that "You cannot merely do one thing,"
on any geographical scale - local, national or global. Gone forever were the
halcyon days for economists and the rest of us when we could define away
‘externalities® like air, water and landscape. From the beginning of the
Industrial Revolution until the present, the cost of producing goods was only
what the manufacturer could not avoid payingo4 The popular cry now is that
"the polluters must pay". In many countries, the governments are the polluters.
Regardless of who is responsible for the most pollution, the fact remains that
environmental damage will be most severe in those areas already desperately

poor,

Nowhere is this more apparent than in Africae
We cannot pretend to offer a comprehensive description of the

African enviromment. Instead we would like to make a few salient points.

Socme of Africa®s major problems stem from her very geographye.
About 60 per cent of the continent is arid or semi-arid. In facty writes
Professor William Hance, over 90 per cent of the continent "may be said to
suffer from one or another climatic disability". One sees a water situation

"of plenty where it cannoct be used and of paucity where it is most needed".

Needless to say, a primary aim of development has been to
redistribute some of the water to make maximum use of it. In their wakes
many of the dam and irrigation projects brought a host of ecological
problems., Tor engineers; the job is to build a dam at the lowest possible
coste A dam is a vast but "neat® enterprise. It may be primarily for
hydo—eleciric power, or for irrigation or for fishing or all threes The
point is that until very recently, all such monster projects were seen as
turnkey operations. This was the approach taken in constructing the huge

Kariba Dam on the Zambezi River in the mid=fiftieso.

La Barbara Ward and Rene Dubos, Only One Earth, Middlesex.
Penguin Books, 1972,
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In both planning and construction, scant attention was paid to
either the people, the animals or the flora of the region. Once the
2,000 square mile lake was formed, millions of animals simply drowned while
the people had to stand back and watche In the Gwembi Valley where the lake
was to form lived over 50,000 Tonga tribesmen. Very little effort was
made to provide alternative housing or a livelihcod for them, even though
the authorities knew all of these people would be displaced by the rising

waterse At the last minute; they had to be resettled by force.

Once the dam was built and Lake Kariba had reached its maximum
size, it was assumed that a prosperous fishing industry would develop. 1In
fact, there occurred a cancer=like growth of waterweed which choked the shore
and made net fishing impossible., The weed putrified the area to such an extent

that it killed many fishe

The great irony about water in Africa is that it provides life
and harbors potential death at the same time. Using the latest techniques of
storage and distribution, it is both a blessing and a curse. Irrigation
systems so vital for cash and food crops in water~starved areas become the
major carriers of enteric bacterial infections, diarrhea, cercarial dermatitis,
guinea worm, polio and possibly histoplasmosis. They also provide suitable
breeding places for insect vectors of malaria, filariasis, dengue, encephalitis

and schistosomiasis (bilharziasis)o

Schistosomiasis affects more than 200,000,000 people in the
world and over 40,000,000 in Africa. It has been called "the last great
scourge" partly because its medical control has so far eluded scientists and
its physical control is prohibitively expensive. It doesn't kill so
much as it weakens. As John Weir wrote in the World Health Organisation
Chronicle,

It is a tragic irony that in many parts of the world the vast
irrigation schemes constructed with the aim of improving the
standard of living have had the effect of underminine the

health of the areas they serve. The network of canals designed
to carry water to arid territories have proved ideally suited
for carrying bilharziasis = and sometimes other diseases — to the
inhabitants. Still more important is the fact that before the
introduction of perennial irrigation, bilharziasis was unknown

in many of these areas. For this reason; bilharziasis has been
termed a "man~-made" disease.

5o Quoted in Milton and Farvar, The Careless Technology, Garden City,
NoYoy The Natural History Pressy, 1972,




IDS/OP 15

Like the rest cf the developing world, Africa is experiencing
an enormous rural to urban migration., The causes are numerous and complex;
it no longer suffices to call it the attraction of the bright lights. There are
jobs in the cities. There is a progression of migration from farm to village
to city. More and more people are attempting to live on less and less land
with the same agricultural techniques, The cities may in fact offer only
ephemeral” attractions; they may assuage only part of the hunger for
meaning and self-respect; they may be dens of iniquitys; they may offer
disease and crime. Yet in many countries, anything is better than the country-

side.

The problems of the cities are getting out of hand. The cities
in Africa are growing at two to four times the rate of the population at

large., OSquatter settlements proliferate around the centres. The governments
are sometimes too poor to provide adequate basic services and the result is
like a chain reaction collision on a highway - more and more people ramming

into those already stalled or wrecked.

Despite the rising tide of rural to urban migration threughout the
continent, something like 80 per cent of Africa’s population still lives on
the land. The relative percentages may change, but the absolute numbers of
people and animals pressing upon the . game : amount of land continue to
rise. An outer limit of soil productivity may have already been reached in
large areas. The unchecked and increasing population pressure cannot but
have the most profound and disruptive effects on the standards of living in
these already poor countries. As Professor Otieno writess

In Kenya, 25,000 tons of charcoal are exported yearly and rain-

water catchments are being denuded. Here, forests cover only 3%

of the total land area and the authorities realize that elimina~-

tion of forests leads to costly changes in river regimes which
are often irreversible., Conversion of bushland to grassland by
itinerant charcoal burners creates environmental degradaticns

and conversion of forest land to agricultural land under
political pressure is a force the government cannot ignore ceoo

Vast and expanding tracts of land around urban centres are beginning to resemble

the mange on a dog as the trees are cut down for fuel.

When one sees how difficult it is for a rich; powerful nation
like the Soviet Union to control its agriculture, it is not hard to see
why so many underdeveloped countries have paid no more than lip-service to rural

problems and have concentrated on industry and the citieso

In their headlong and desperate rush to develop, many poor countries

have fallen prey to the idea of "one-~shot technological fixes". This dam,
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that chemical, this steel plant, that technique will by itself solve all
the clammering, clustering problems of food; power, employment. They have

been encouraged in this belief by Western 'experts's

The tragic conditions of the Sahelian Zone are at least partly
man-made., Into a tier of basically pastoral countries where the nom:ds
have over millennia. learned to wrench existence from an uncompromising en—
vironment, marched platoons of aid officials with THE answer — bore well
holes by the thousands. This, combined with the wide—spread increase in
health carey and the unusually large amount of rain for a few years, set
the scene for.the catastrophic effects of periodic droughts (It is still
too early to say whether there has been a fundamental shift in climatic
patterns in that areao) Development schemes are drawn up by economists,
politicians and agricultural scientistsy not the ecologists and nomadse.

The latter have required tens of generations to develon ways of interacting
with that harsh environment. Forcing them suddenly to settle, to change
from a previous life; upset cultures based upon the absolute right and need
for movement. The.nomadic adaptation made it possible to utilise lands
unsuitable for most agricultural pursuits and at the same time provided
surplus animal products for sedentary populations. Nomadic pastoralism
in its proper place (which is in those marginal lands of the world) can

be an efficient form of land use.

What they forgot in building all these wells was that water without
food is zs surely death as no water at all., Animals and people crowded

around the watering places trample larger and larger areas in circumference,

ureaking the same havoc as the bidonville inhabitants in burgeoning cities,

Garrett Hardin's justifiably famous essay, "The Tragedy of the
Commons" was remarkably prescient of this African tragedy, and we would
like to quote it at length.

The tragedy of the commons develops in this way. Picture a

pasture open to all, It is to be expected that each herdsman will
try to keep as many cattle as possible on the commons. Such an
arrangement may work reasonably satisfactorily for centuries because
tribal wars, poaching, and disease keep the numbers of both man

and beast well below the carrying capacity of the lands Finally,
however, comes the day . of reckoning, that is, the day when the
long—desired goal of social stability becomes a reality. At this
point, the inherent logic of the commons remorselessly generates
tragedyo.

6o Fo Fraser Darling and Mary A, Farvar, "Economic Consequences of
Sedentarization of Nomads", in The Careless Technology, pPe 671=82,
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4s a rational being, each herdsman seeks to maximize his
gaine. Explicitly or implicitly, more or less consciously,
e asks, 'What is the utility to _me of adding one more
animal to my herd?? This utility has one negative and one
positive component,

1) The positive component is a function of the increment
of one animal. Since the herdsman receives all the proceeds
from the sale of the additional animal, the positive
utility is nearly . +1le.

2) The negative component is a function of the additional
overgrazing created by one more animal. Since; however, the
effects of overgrazing are shared by all the herdsmen, the
negative utility for any particular decision-making herdsman
is only a fraction of -=1.

Adding together the component partial utilities, the rational herdsman

concludes that the only sensible course for him to pursue is to

add another animal to his herd. And another .... But this is

the conclusion reached by each and every rational herdsman sharing

a commonso, Therein lies the tragedy. Each man is locked into a

system that compels him to increase his herd without limit - in

a world that is limited. Ruin is the destination toward which

all men rush, each pursuing ais own best interest in a society

that Believes in the freedom of the commons. Freedom in a

common brings ruin to all.!

As Hardin himself points out, the tragedy of the commons is not limited
to agricultural situations. It can be applied to cities; or developed areas.
The sudden realisation that the world®s resources are finite and that we are
threatened by increasing competition for these resources has sent waves of
dismay through the chancellories of the Third World., During the October
War of 1975, some countries broke relations with Israel for the simple reason
that they thought they would get some kind of economic benefit. In fact,

they did note.

The gquadrupling of o¢il prices alone has come close to devastating
some economies. Will the developing countries therefore be more willing

than before to become °pollution haveas® to take on industry which has been

banned in developed countries?

For better or worse, many underdeveloped countries are being forced
into a mode of life which at its most charitable means ?self-reliance?,
The developed world is in disarray, economic nationalism is gaining currency
and adherents. It is impossible to imagine that the developed countries have
the will and desire to shift the huge amounts of capital which would be
required to even make a dent in the underdeveloped countries? economieso

From now on, development may have to be largely internalised. There must

To In Science, 162 December 13, 1968, ppo. 1243=48., U.S. copyright
1968 by the American Association for the Advancement of Science.
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be a significant rethinking of the potentials for labour-intensive, capital—
deficient projects. Or, to.put it differently, more atteantion will have

to be paid to human capitale

Governments are-huge, powerful, lumbering beastso They don't
move backward very easily. All African governments are committed to

development, Many.of the development projects will either fail or fall

short of expectations unless and until the men and women who make the decisions
about them become sensitive to and knowledgeable about the environmental

and ecological aspects of developments It is abdundantly clear that for

a biologist, expertise gained in one area or climate; for example; is almost
worthless in another _climatic region. And obviously there is a brutally

wide range of expertise required -~ planning, engineering, ecology, botony,

anthropology, climatolegy, limnology,; chemistry, entomology, medicine; etce

Few countries in Africa have experts in all these fields and the
ones they have are.spread thin. In many cases, hard pressed governments
have been forced to rely on foreign~trained experts who have neither the
knowledge nor the background to deal with the prcblems they were hired to
solveo, Still another. problem has grown out of what Barry Commoner calls
the 'reductionist view'. That is one in which the ‘'problem' is broken
down into its..component parts each of which is tackled separately. It is
born of the American tradition of maximum specialisation. The soil experts
say one thing, the cattle experts another, the hydrologist a third. They
never get together. .In fact, they are each intimately involved in the

same overall problem.

Still another problem bedeviling the underdeveloped countries
is the lack of basic research geared to or located in these areas. (One

research facility which.is an exception to this generalisation is discussed
in Dre. Odhiambo's paper.) In addition, most African scientists themselves
have been trained outside Africa. As one indication of the gap which
existsy, it has been pointed out that there is probably more data on the
soil, climate and hydrology of one California agricultural county than

there is on most entire African countriese

The most telling and critical lack in those countries bent upon
development is trained manpower, Few developing countries have officials

within their civil services who can ask the right questions about develop~
ment projects. Officials responsible for projects all too frequently think
only of the 'positive' results. From the mistakes of the past we are

painfully aware that "we can never do merely one thing",



- 1 - IDS/OP 15

Will a bilharzia epidemic do more damage than the presumed
agricultural benefits of a dam?

Will greater uniformity of crops actually be better for the
people and the land?

Will the loss of silt behind a dam demand an unacceptable amount
of chemical fertiliser in compensation?

Is sedentarisation of nomads the best usage of people and
pasture?

One path out of the Slough of Despond has been suggested by
Professor Sachs and has been taken up by the United Nations Environment
Programme. (See his paper in this report)o He defines eco-development
as a "style of development which. in each eco-region calls for specific
solutions to the particular problems of the region in the light of cultural
as well as ecological data and long—term as well as intermediate—term
needs.” The style of development he describes goes beyond the alleged
universalist solutions,; the one-shot technological fixes, the uniformity
of cropping,; the inappropriate technologies., It is a type of development

with local answers to local problemss

Our seminar was designed as a pilot project to help fill a
manpower gape We used anamalogy from soil science where in order for

large quantities of fertiliser to be. absorbed by plants,; metallic trace
elements are required. In the same way,; large sums of money can be used

to advantage by a community only if there is an efficient mechanism through
which it can be channeled. We ought therefore to sensitise a small number
of middle and upper—echelon officials to problems of the environment.

Our objectives were three:

l. To help the participants become aware of their individual
and common problems; to give them an ecological perspective,
so to speak; by demonstrating to them the centrality
of envirommental issues to successful development efforts.

2. To give them a body of information about African
environmental problems and ways in which they may obtain
further information and adviceo

3e To establish a cadre of officials in each country who
can play an effective role in reviewing development plans
from an envirommentalist's point of view. A corollary of
this 1s that each of the participants will realise that there
are men in the other countries who are up against the

same problems, and this may lead to exchanges of information.
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Nascent field that it is; the study of the enviromment is also
subject to that double bane of all fields of inguiry = the information
explosion. The first danger is inundation; to be drowned by the sheer
volume of data. The.second is obsolescence. 4And a third difficulty for
the less developed countries is isolation -~ being out of touch with
the sources of information. The United Nations Enviromment Programme has
made a great advance in creating the International Referral Service
(IoRoSo)o This agency is.designed to assist those governments, organisations
and individuals who have. specific environmental problems communicate with
others who are working on the same or similar issues. In a very mcdest
wayy, we hoped that this seminar would be the basis for an informal regional
1oRsSe

The papers which follcw provided the basis for discussion during
the seminar. The aim was to provide basic information which would put
all the delegates on a more or less even footing when the time came to
discuss the two case studies,; one a ficticious country named Kuumba, and
the other the area around the town and lake of Nakuru in Kenya, which

the delegates were able to visite.

In the.case of Kuumba, the delegates were divided into small
groups which functioned as planning agencies and came up with recommendations
about the course of development Kuumba should take. In the Nakuru case,
initially the role-~playing technigue was tried, with each participant
taking the part of a town manager, a park warden and so forthe The
participants moved on from this role-playing situation, and made a number
of recommendations on how the complex of forces and influences at work

in the unique situation at Nakuru could best be handled.
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AFRICA AND THE ENVIRONMENTAL CHALLENGE
By
Nicholas Go Otieno, Chiefy Natural Resources,
Economic Commissicn

for Africa

INTRODUCTION

The African continent presents a gigantic gquestion mark which
embodies a complex environmental mosaic riddled with so many imponderables
that our efforts to find solutions to these questicns — leave alone
understand them — fall far short of what the African masses expect from us.
At the centre of the African riddle lies the frightening realisation that
we are almost totally ignorant about the behaviour of the many-faceted
variables that make the African environment what it is at presents nor

are we in a position to predict how these will behave in future.

All we know is that the.result of Africa's environmental
variables is the oppressive poverty that permeates African society and
renders . the masses helpless, thereby losing their identity and self-
respectoe In the words of Adlai Stevenson, "A hungry man is not a free man".
If this statement is accorded the seriousness it deserves, then the African
individual who spends the day wondering where his next meal will come from,
the one who goes to a miserable bed with half empty stomach, he whose very
existence is stalked by periodic famines which often plague the land, or
the farmer who never earns enough from his crops to feed his starving

children = this man has yet to know and experience what it means to be free.

The African wants to escape from an environment characterised by
grinding poverty, high mortality rates; rural and urban squalor, the
scourge of endemic diseases, malnutrition and all other environmental
insults which have rendered his lot that of hopeiessness and utter despair
from his cradie to his early grave. This same brutal environment is
undergoing far-reaching changes and medifications at break-neck speeds;
and the African must accommodate himself to the changes at far greater

speeds if irreversible disasters are to be avoidedo

This short paper attempts to focus on this envirommental scenario
by providing an outline of how the African's efforts toc grapple with the
elements and to.improve his lot have altered his environment either for
good or for ill, Topics such as climate, use of water resources (above-

ground and under-ground), utilisation of flora and fauna, agricultural
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practices, educational methodologies, urban-rural problems, energy,
minerals, transport and industrialisation are given brief treatments so as

to bring out some of the environmental challenges which Africa faces todays.

CLIMATIC FACTORS AND WATER RESOURCES

The African continent lies astride the equator and extends as far
north as 350 latitude, and as far south as 350 lagtitude, This placement
determines the position, direction and regularity of the continent's at-
mospheric circulationg the frequency, intensity and distribution of
rainfall precipitation; as well as the circulation of oceanic waters
around her shores. With respect to the atmospheric regime, the tropical
convection currents regularly ascend and descend in specific ways and affect
the continent®s climate locally, whereas other air streams reach Africa
after emanatiug from various parts of the globe; and whatever envirormental
changes take place in their places of origin would be experienced in
such a way as to affect Africa either for good or for ill. The amount of
rainfall, its frequency and intensity, which varies both regionally and
seasonally in Africa,; determines the quantity of surface waters, river
regimes and the rate of recharge of the underground water resources of the

continent,

By virtue of its global position straddling the equator, Africa has
distinct high pressure belts on the tropics = north and south of the equator -
and an equatorial low pressure belt lying more or less along the equator.
This situation would remain static and seasonal changes rendered less
variable were it not for the revolution of the earth around the sun which
makes these pressure belts oscillate northwards or southwards, relative to
the equatory; with the apparent position of the sun during the year. The
tropical high pressure belts lie approximately along the 300 parallel, north
and south, and are characterised by descending and divergent dry air currents
throughout the year; while the equatorial low pressure belt lies along the
equator and is characterised by ascending air masses. The pressure of these
two high pressure belts separated by the equatorial low explains the presence
of the regular easterly winds which occur in the African low latitudes; and
it is the oscillation of the high and low pressure belts over Africa and her
neighbourhood that normally causes the seasonal variations of temperature
and rainfall precipitation and explains the spatial distribution of

ecological zones in Africa.
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Between 10°N and 10°S latitudes, Africa has a typical tropical
climate of haigh temperatures and heavy monsocn rains. Elsewhere,
temperatures and rainfall are moderated by altitude so that sbosut one-~third
of the continent receives over 40 inches of rain per year while another
third gets less than 10 inches. In the immediate north, east and south
of the tropical equatorial belt, climate is often harsh, and rain varies
from year to year as most of the annual precipitation falls during the
north—~east monsoons which are in themselves variable. West Africa and the
Congo basin are well watered by the south=west monsoons. Rainfall
variability and reliability thus fluctuate as one crosses the continent

from west to east and as one moves north or south of the equator.

Large areas of Africa receive seascnal and unrelizgble rainfall and
are subject to serious water shortages for man, animal and plant. This
situation is further aggravated by the Tact that the amount of incoming
radiation is large, temperatures are high and the potential for evaporation
from opern surface waters is high over most of the continent as compared with
rainfall., It is estimated that 42 per cent of Africa is extremely arids
42 per cent has rainfall of between 250 and 50C mm, 42 per cent has from
500 to 1500 mm of rain, whereas 16 per ceat has rainfall gbove 1500 mmo A
few countries will be mentioned to illustrate the environmental problems

created by shortage of water.

In Somalia, water supplies are so extremely short that the demand
for reliable, perennial sources of water for human and animal consumption

is seriouse

In Kenya, 491,000 square kilometres (80 per cent of the country)
receives between 200 mm and 750 mm of erratic rainfall with the result that
semi~desert and arid areas occupy more than half the country in the north,

north—~east and southern parts.-

Sudan has an area of about 1 million square miles half of which is
desert or semi~desert with moisture index varying between negative values of
~40 and ~60, In this area, the harnessing of available water resources and
their conservation for consumption constitutes the main problem facing many
development projects. The area north of 129 latitude in the Sudan is described
as a thirst zone where the quantity of water needed in the dry season is
21 billion gallons of which only 40 per cent is available; and where only

5 litres are available per person per day compared to WoHo0o estimates of 20
litres per person per day. Life here is one perpetual grim struggle to

find enough water to keep man; his crops and beasts aliveo
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Most of Central and Southern Africa is a semi~arid area of low and

erratic rainfall and where evaportranspiration is extiremely high.

In Lesotho, large areas suffer from frequent droughts leading to
serious fluctuations in agricultural production and insufficient supplies
of water for human consumption in several towns. In Madagascar, the
southern part of the couuntry is semi~aria, water is short and agricultural

efficiency extremely low.

The situation outlined for a few countries reveals the grim
environmental hazards which several African countries face with respect to

availability of water. Its shortage often leads to famines which disrupt
social and economic lives = often leading tc deatho Little is known about
the hydrographic regimes and rainfall patterns so that African countries are
unable to plan on rational use of available water — both surface and under-—

ground.

Surface Water Resources

The continent possesses massive bodies of water that could be used
for development. Lakes Victoria, Albert, Kivu, Malawi, George, Edward,
Rudolf, Baringo, Magadi, Manyara, Nakuru and Chad form an important
resource. Where they are shared by a number of countries, their maximum
utilisation to envirommental advantage can be realised through international

co—operationo.

In addition to the lakes, there are over 50 river basins in Africa
which are shared by two or more countries. The total area of these
international river basins covers approximately 40 per cent of the total
African area and provides scope for in increased exploitation of the water
resources for fishing, transport, irrigation and production of hydro-—
electric power. For such activities, inter-African cooperation is an
essential condition for the rational exploitation of water resourcess.

With respect to Nile waters, agreements started in the nineteenth century
during the colonial era aimed at facilitating irrigation in Egypt and the
Sudan. It is known that Egypt required 62,000 million cubic metres per
year in 1971 to irrigate perennially 3,16 million hectares, and will
ultimately require 77,820 million cubic metres to irrigate 4.1 million
hectares annually. The Sudan requires about 26,800 million cubic metres
for irrigation annually, Irrigable land in the Kenyan part of the Nile
basin is an area of 52,212 acres that requires over 296 million cubiec
metres of water annually. The total quantity required for Uganda within
the Nile basin is 1.5 million cubic metres. Even without considering

Tanzania'’s requirements, there is already a shortage of 17,000 million
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cubic metres of water per year for the riparian states; and cooperation in

the utilisation of the Wile's waters is essentials

A major step in achieving collaboration between Nile basin states
took place in 1967 when Tanzania, Uganda, Egypt and the Sudan started a

hydrcmeteorological survey of the basins of Lakes Victoria, Kyoga and
Albert., It is hoped that deta from this survey will increase the
knowledge of the natural hydrologic phenomena of the Nile catchment areas

before complex sysheme of flow regulation of the Nile are set ups

The Niger basin covers more than 1 million square kilometres and is
shared by nine. countries in West Africa. Due to the river®s economic
importance; exparts from riparian states held a number of meetings between
1960 and 1963 aimed at pooling results of their hydrclogical studies of the
river., In 1964, they established the Niger River Basin Commission with
headquarters in Niamey. This Commission deals with all aspects concerned
with irrigation and navigation along the river. Such co-operation enables
the countries tc plan for flood coantrol in the Niger basin as well as

coordinating joint development programmese.

The Senegal river basin cover 333,800 square kilometres and is
shared by four states which formed the Senegal Basin Commission in 1963,
The body is charged with the task of promotion and coordination of
technical studies for the joint exploitation of natural resources of the
basin including such activities as irrigation,; river transport, power

producticn and distribution, and mining.

The Chad basin covers an area varying between 13,000 and 23,000
square kilometres, depending on the season, and is shared by four countries.
It is the largest closed river basin in the world with Leke Chad lying at
its lowest level and receiving waters from the Logone ard Chari river
systems. The lake has fresh water suitable for irrigation in a semi-
arid zone inhabited by nomadic stock breeders who are normally short of

water,

In 1964, the four riparian states formed the Chad Basin Commission
through the signing of = convention which obliged members to abstain from
carrying out any works in the Lasin which would have a marked effect on
the surface and groundwater flow without adequate notice and prior consul-
tation. Further agreements are contemplated in areas such as customs
duties, transit arrangements, border control, communications, transport,

land and water conservation.
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Environmental Problems of Man-made Lakes

Man-made lakes have appeared in the African scene as an important
source of surface waters. The creators of these lakes have often had
noble ambitions and lofty goals to improve the quality of the physical
and social environments of the citizens by producing electricity,
raising of additional food through irrigation, increasing fish production

and improving navigation.

Lekes Nasser, Kariba, Kainji, Volta and Kossou are the main cnes to
be considered here. In creating these lakes, there has been a tendency to
give an over-riding dispropcrtionate emphasis to more material aspects of
growth, human considerations have often been overlooked and human beings seen
only as instruments of production rather than as free entities for whose
welfare and cultural advance the increased production is intended. At
Kariba, 50,000 Tonga tribesmen were moved without plan and it took them
two years to clear.sufficient land to meet their subsistence needs and
government had to step in with relief to avert famine and misery. In
High Aswan, 100,000 .people were relocated without plan and the World Food
Programme had to rush in famine relief to the Nubians. In Ghana, 80,000
people were moved, but one year after relocation, the government's ambitious
agricultural. programme was successful in only 1 out of the 52 planned

communities — and the World Food Programme again had to step in with relief.

Ecological disturbances associated with man-made lakes include
increase in the incidence of bilhargfasis in Egypt, Sudan and Ghana,
disturbance of the micro-climate, possibilities of earthquakes, emergence
of aguatic weeds which hinder transport and alter the environment for
biological production in the lake and probable accumulation of silt behind

the dams.

Underground Water Resources

Underground water resources have not yet been fully exploited
except for a few local and regional areas. In the Maghreb, untapped resources
include the underground flow tc the sea through fractured zones of
coastal limestone, freshwater submarine springs, water-bearing dunar
sands and certain deep aguifers which call for expensive drilling
operations. In this area over 20 per cent of underground water
resources are being exploited. In other areas; cities such as Dakar,

Abidjan, Tunis, Mogadishu, Lome, Mombasa, Nairobi and Lusaka depend on

ground water for their supplies.
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Africa's attempts to exploit underground water resources are hampered
by a number of intractable problems. The economic and social importance of
groundwater is often disregarded because the source is not visible., Shortage
of qualified personnel and finmnce hinders research and exploitation.

The number of groundwater engineers and geologists in Africa = most of whom.are
expatriates — abouf equals the number in Rumania. In additicn, drilling

rigs are often in poor working condition: due to lack of spare partso
Institutional and legal problems alsoc hinder the work of exploiting under-
ground water. Services in charge of prospecting for underground

water are net always adequately integrated with governmental administrative
structure and are either scattered in several ministries not sufficiently
related to geologic or hydraulic services, or they are entirely isolated.

Some ccuntries have neither legislaticn nor the means to enforce measures
which would ensure rational development and protection of essential ground-

water resources.

FORESTS AND ANTMALS T THE AFRICAN ENVIRONMENT

The rich ferest resources of Africa are being explcited at such high
rates that environmental distortions are already being felt in most African
countries. In most of sub-Saharan Africa, population growth has led to
increasing demand for land and led to conflicts in land use between man and
wild animals so that areas inhabited by the latter have continued to shrinke.
Use of timber for charcoal burning is leading to serious land deterioration.

These situations are illustrated by the followings—

In Kenya, 25,000 tcas of charcoal are exported yearly and rain-water
catchments are being denuded. Here, forests cover only 3 per cent of the
total land area and the authorities realise that elimination of forests
leads to costly changes in river regimes which are often irreversibleo
Conversion of bushland fto grassland by itinerant charcoal burners creates
envirormental degradations, and conversicn of forest land to agricultural
land under political pressure is a force the government cannot ignoreo
Efforts at reafforestation by planting exotic trees have led to a multi-
plication of pathogenic organisms. Periodic fires during the dry season

often destroy vast tracts of forest land.

In Tanzania, frequent fires during the dry season kill trees and
seriously alter soil structure. Shifting cultivation in semi-arid areas

coupied with over-stccking lead to destruction of forestso The country
has embarked on reafforestation programmes in Kilimanjaro and Usambara

catchment areas and has passed legislation aganst burninge.
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Zambia's shifting cultivation known as the "Chitemene" system in the
north-west leads to serious deforestation and erosion. Charcoal burning
adds to this destruction,.and the government has plans to plant 100,000
acres with forest by 1990,

Swaziland was once richly endowed with a wide variety of flora and
fauna, but the impact of human settlements during this century has made
enormous inroads into the indigenous wild lifey, Reafforestation

programmes have been set upo

In Congo (Brazzaville) forestry is the main rural activity and

provided 50 per cent of the country's exports in 1969, but at present
rates.of exploitation, forestry resources might be depleted within 60

years.

In Cameroon, 700,000 tons of wood are felled yearly and exported

in the form of logs, sawn timber and plywood.

In Nigeria, forests cover 139,000 square miles of which 36,104 are
gazetted as forest reserve. Timber logging is a major industry, but it is
feared that the resource might be depleted due to improper logging
operations and illegal logging and felling. Afforestation programmes have

been started.

In Ghana, timber comes from the high forest zones in the south
western parts of .the country and 50 to 60 million cubic feet of timber
are cut annuallye In non=controlled areas agricultural expansion has
led to serious forest destruction; but in reserved areas the government

is working on some kind of sustained production basis.

In Liberia, preservation, protection and maintenance of 9 million
acres of high forest is of primary concern to the authorities. But
forest exploitation is expanding rapidly through logging concessions
which have been granted during the past few years - and logging operations
in Liberia have been given a stimulus by the depletion of hard woods in

neighbouring Ivory Coasto

These few examples illustrate the situation prevailing in most
African countries. The problem of cut—and-burn shifting agriculture and
periodic fires totally destroys vast forests in Africa. Charcoal burning
to supply fuel for urban centres is another menace - as is overstocking.
Concessions to foreign logging firms in several countries are such that
the loggers are encouraged to practise a fcut and quit® policy which is

already depleting hard wood forest resources which take as long as 60 years



- 21 = IDS/0P 15

to regenerate., Pressure for expanding agricultural requirements poses a
dilemma since governments are politically committed to provide land for
their ever—increasing.populations. These are some of the serious

environmental challenges in the management of forest resources in Africa.

Animal Resources

The fate of. the valuable hardwood forests is matched by that of the
unique animals which are hunted, killed and poached with such ferocity and
barbarity that they are.threatened with the fate of the classical dodo.

A few random examples will suffice to illustrate the plight of these
animals., In the Sudan, the valuable gazelle has been heavily poached and
is all but eliminated from the plains east of the Blue Nileo. The ostrich
is being killed at the rate of 1,000 birds per year and is vanishing in the
northern provinces. The crocodile is almost depleted. leopards have
almost been wiped out from the Bed Sea Hills and the previous equilibrium
of prey and.predator between leopard and baboon has been disturbed to such an
extent as to lead to baboon population explosion to the discomfiture of the
farmer. The legendary Ivory Coast has. wery few of these animals left. The
rhinoceros is in danger. of. extinction in many areas. The paradox with
respect to poachers .is highlighted by Indira Gandhi when she says, "unless
we are in a position to provide employment and purchasing power for the
daily necessities of the tribal people and those who live in or around our
jungles, we cannot prevent them from combing the forest for food, and

livelihood, from® poaching and from despoiling the vegetation."

National Parks and Game Reserves

The above forebodings have led several countries to establish
sanctuaries and parks where animals and plants can live unmolested in the
hope that they will be preserved for posterity. The establishment of
these parks recognises the fact that human hunger for beauty and for
natural things is a reality; and it is possible that the wild animals may

provide the much needed protein for local population.

Tanzania has established 13 games reserves - some of which are world
famous - where the Game Department employs game scouts to prevent poachingse

Lack of adequate funds and enough trained manpower including inadequate
public awareness of the importance of wild life all act as bottlenecks in

implementing effective conservation measures.

In Swaziland, the buffalo, elephant, rhinoceros, giraffe and lion
which used to roam the country disappeared long ago. Now two game
reserves have been established and a trust Commission created to administer

national parks,
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Uganda has -established some great national parks which are world
famous; while neighbouring Kenya pursues a wigorous policy for the
conservation of natural resources. National parks of Kenya cover some
25,000 square kilometres-or 4per cent of the total land area. Legislation
has been introduced aimed at utilising these resources without serious
environmental disruption. Problems have arisen in imbalances created by
increase in the number of elephants in the Tsavo National Park = mainly
due to lack of understanding of the population dynamics of these animalse
There is increasing pressure on the habitat from thousands of visitors
whose numbers double every four years and tend to urbanise the wild areas

to the extent where conflicts of objectives arise.

Botswana has established six national parksj while in Zaire the
authorities are vigorously expanding their game reserves after they
realised that elephants which were estimated at 100,000 in 1960 had almost
been depleted five years later., Education of the masses to respect wild

animals is a difficult problem in the country.

In Cameroony, certain species of wild animals like the gorilla,
chimpanzee . and the ostrich were found dwindling and their killing has been
prohibited. The government has established several national parks but finds

poachers so numerous the country is barely able to keep up with them.

Nigeria is concerned with the destruction of wild animals on a large
scale and has passed legislation and created reserves where hunting is
prohibitedes Chad, Niger and Senegal have also established game reserves

as the main method of preserving their wild animals.,

It is with these unsettling facts in mind that African countries
should sign and help to enforce both the 0.A.U. convention on protection of
wild life and the convention on trade in endangered species signed in
Washington, D.C. in 1973. Both of these, however, will only be effective
if the consumer countries introduce and enforce stringent measures against

the importation of animal trophies.

Tourism

Africa's 'unspoilt' nature and her fantastic game attract all types
of visitors from the rest of the world. Receipts from tourism rose©l5 per
cent to US$390 million in 1970¢ "Pourism arrivals ‘rose by 14 per cent in
1970 compared with the world rate of 9 per cents S ?
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The mainproblems stifling further growth of tourism include costs
of getting to. Africa, inadequacy of infrastructure and shortage of hotel
accommodation. But several environmental consideratioms-arise. As the
visitor pressure increases, the impact of the tourist becomes so accentuated
that in some cases delicate habitats have been destroyed. Added to this,

the tourist himself becomes disillusioned with the overcrowding from which

he was trying to escapeo

In Kenya, tourism is the most rapidly expanding industry and is
second to agriculture in foreign exchange earnings. The number of 338,777
visitors in 1970 was..estimated to rise to 400,000 in 1971, bringing a gross
income of £18 million which would rise to £50 million in 1975. The
government is encouraging the development of game lodges in parks and
reserves to the tune of 500 new beds and the development of infrastructure
including new tourist attractions in mountainsy; beaches and archaeological

sites so as to reduce visitor pressure on national parks.

In Tanzania, government policy on tourism comprises sustained
efforts to publicise Tanzania, an increase in the number of hotel rooms
especially near. game parks, and placing the industry in the hands of
Tanzanians. The aim is to increase the number of visitors to 120,000
during the 1973/74 period, as compared to 72,300 in 1969/70° New lodges
are being opened in Ngorongoro, Arusha and Serengeti, a new hotel is being

constructed in Arusha and an international airport has opened in Eilimanjaro.

Nigeria is just beginning to develop tourism by the formation of
the Nigerian Tourist Association. WNational parks are being developed

and the number of visitors was 100,000 in 1971.

Sierra Leone plans to improve the tourist industry by setting up
game parks, sports facilities, better accommodation in the provinces and
improvements in transport and communication. Ghana intends to spend

vast sums of money in developing tourisme.

Swaziland opened a casino in 1966 which attracts up to 100,000
tourists from South Africa yearly. Lesotho, which has beautiful mountain
scenery and a pleasant climate, was only able to attract 50,00C tourists

from South Africa in 1971.

In Bthiopia, the number of visitors is small in comparison to
available bed-space. Some 36,000 people visited the country during
1968/1969 but still the hotels operated with low occupancy rates.
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The above examples illustrate that the continent has vast tourist
potential and shows.that tourism can play an important part in the
continent®s economy. The main question that arises is "Who gets most of

the money from the tourist industry in any one country?™®

AGRICULTURAL ENVIRONMENT

Basicallybit can be said that agricultural progress in Africa is
lagging behind industry in the adoption of modern production techniques
and of economic institutional arrangements required for vigorous increase
of productivity. This lag, in turn, retards industrial progress because
a large part of the rural population is not generating sufficient purchasing
power to create the demand needed for absorbing the growing industrial

output - which, in turn, leads to idle capacity in many factories.

In most countries, the traditional farming sector is characterised
by £fragmented farm holdings — decreasing in size as a result of population

pressure — situated in remote and sparsely populated areas having poor
transport and marketing facilities. The farmer is normally uneducatede.

The inadequacy or non—existence of storage, distribution and marketing
facilities discourages the progressive farmer from producing more than his
family needs. Prices fluctuate and even the governmental price stabilisation
policies of marketing boards are often so unsatisfactory that they make
farming an unattractive proposition and lead to am exodus to the towns and

the depletion of agricultural labour from the rural areas.

The traditional farmer can hardly be pursuaded to modernise. He
needs local facilities for moving goods into and out of his locality, for
getting modern inputs available in time,; for grading, storing, processing
and sellinge. He needs research and extension services to demonstrate
modern techniques and adapt them to local conditions. He needs credit and
marketing services at favourable terms under well managed cooperatives.
Above all, he needs a rural social environment that encourages the
development of his managerial capacities and civic responsibilities. Land
tenure conditions must be so improved as to provide security and managerial

freedom, give protection against high rents, etc.

A further problem in the agricultural environment relates to those
countries which depend on a single crop economy. The situation becomes
more complex where a number of countries produce the same agricultural
commodity for sale in world markets. Both situations lead to disastrous
consequences to the economies of the countries concerned whenever world
prices drop. Added to this,; a single crop is often exposed to destruction

by physical disasters, pests and diseases., It is therefore important for
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African countries to cooperate in order to diversify their agricultural
production and to plan a strategy for selling their goods in world mare—
kets despite . failures of UNCTAD. They should aim at processing their
cwn agricultural products and selling finished goods as one sure way of
escaping from.the stranglehold of unstable prices for primary products in

world markets,

The unreliagble rainfallin many parts of Africa = already referred
to = is a serious constraint and leads to disastrous crop failures followed

by famines which necessitate importation of food at great cost. In the

case of livestock, production is hindered both by the shortage of water in
arid and semi-arid areas and by the presence of many diseases disseminated
by anthropod vectors. The presence of foot and mouth disease and anthrax
has led Buropean countries to prohibit import of meat, etce from Africa on

sanitary groundse.

Corrective Measures

Despite the many environmental hazards to agricultural production,
several African countries are making efforts to introduce measures to
improve the life of the rural farmers. These include the introduction
of rural settlement schemes e.g, Ujama Villages; operation feed yourself
(Ghana); campaign for freedom from thirst (Sudan). In addition,
efforts are being made to improve land tenure and to make the farmer more
secure; to introduce hybrid seeds, fertilisers and pesticides. Above
ally African countries realise that their only hope of success is the
training of agriculturists and extension workers who will go out into the

countryside and work hand in hand with the uneducated farmer.
FISHERIES

In the African environment plagued by deficiency diseases arising
from protein shortage, many dieticians have advocated more extensive and
intensive exploitation of fish resources as an alternative source of
protein., This desire has not been fulfilled due to lack of precise know-
ledge of fishery resources, both marine and fresh-water, and by the poor

methods of fishing used by small-scale African fishermss.

With respect to marine fisheries, the vast majority of fish.off the
west, north and east African coasts are landed by foreign trawlers - Russians,
Poles, Horwegians, Japanese, etc; and certain fish are all sent to Europe
and America. Many operators illegally stray into African waters and

process fish to export to Rurope to feed pets. Overfishing in African
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waters is already a serious issue and it is likely that the big operators

will cause permanent damage by overfishing,
Sierra Leone imports one-third of its local fish consumption,

Tunisia has 14300 kilometres of coastline but produces only 30,000
tons of fish for domestic consumption. Sardine fishery resources of the
Mediterranean are reported to have dropped seriously off the Egyptian coast
as a result of the ecological effects of the High Aswan Dam. In Nigeria,
development of marine fisheries is reported to be affected by the
narrowness of the continental shelf and may be further affected by
development of off-shore oil drilling., Ghana is importing fish for
local consumption while her off-shore fisheries are being exploited by
foreigners. The same applies to Ivory Coast. In Kenya, marine
fishing contributed 8,000 tons of fish for local consumption in 1970, but

pollution by oil and use of explosives are a danger to local fish stocks.

With respect of fresh-water fisheries, Africa has large lakes and
rivers which contain large quantities of delicious fish., The problem is
lack of knowledge about fish populations in the lakes and rivers, lack of
transportation of fish especially during the muddy season when fish from a
lake cannot reach even ten miles inland,and poor fishing techniques as well

as inadequate infrastructure.

In Lake Victoria, fish catches increased from 23,000 tons in 1965
to 34,000 tons in 1970 on the Kenya side alone., Fluctuating lake levels

during various periodshave tended to reduce catchess In 1958, total catch
from the lake was 70,418 tons valued at £4,364,000. Lake Tanganyika could
produce 1004000 metric tons of fish annually while Lake Kivu has a potential
production of 600 to 800 metric tons of fish annually despite the presence of

methane and hydrogen sulphideo.

Lake Albert produced 133900 tons of fish in 1955 and its potential is
unknown. In Chad, about 100,000 tons of fish are caught annually from the

Chari and Logone riverse.

From this short outline; it is evident that Africa has plenty of
fish which could be used to supplement the protein=deficient diets of the

continent's populations. Research, the introduction of new fishing

methods and the training of local fishermen are pre-requisites.

In the marine areas, Africa will need to invest large sums of money to

buy modern trawlers which would match those of the foreigners. In addition,
stringent measures will have to be introduced and enforced to stop over—

fishing by foreign trawlers.
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THE NOMAD IN THE AFRICAN ENVIRONMENT

Most African countries. having nomadic populations. face environ-
mental problems peculiar to this form of existence. Movements of nomadic
tribalgroups across national frontiers give rise to political, social and
health problems in the countries concerned. These nomads represent an
important economic potential and could significantly contribute to
economic and social improvements in their countries, but they have not had
opportunities t¢ benefit from the advantages of modern tewhmjgues.and
scientific progress in their respective countries. Several countries have
not even succeeded in linking the development pians of nomadic regions with

their national development planss

In the Sudano/Sahelian Zone and in most of East and Central Africa,
nomads are basically pastoralists who move with their livestock at the
dictates of environmental changes. I will refer here to Eastern Africa

only, due to the length to which this paper must be limited.

Somalia is described as a nation of pastoral nomads, forced by

their harsh environment to move constantly with their flocks in search of
water., The nomads despise agricultural farming, and their modes of
livelihood and social institutions are tightly adjusted to the scant resources
of their environment. MWany pastoralists move many miles yearly from water
point to water point, but there appears to be a shortage of livestock to
satisfy the needs of familieso Lack of sufficient water leads to the death
of many animals during drought. There are no organised marketing facilities,
erosion is serious due to overgra#Zing and health and transport facilities are
lackings The Scmali Government considers sedentarisation of the nomads as

a long=term objective which would only be achieved by improving the living
conditions of nomads through education and training, development of improved
stock breeding technigues, the creation of public health services adapted to the

nomadic way of life and by the improvement of watering facilities.

In Kenya, it is estimated that there are about 1.5 million nomads
in the arid and semi-arid areas who own 50 per cent of the nation?a flocks
and herds. These pastoral areas are an asset in that during years of normal
rain, they meet their own subsistence requirements and provide most of the
meat for the urban population, but they become a liability during drought

years when government spends vast resources for famine relief,

The Masai now have accepted formal land tenure and need to improve
their herds through the purchase of better bulls, use of artificial insemination
and the culling of unproductive cows., ZEfforts are being made to convert

subsistence pastoralism into an economy of commercial production through
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advice, persuasion and demonstration without resorting to compulsion. New
water supplies are being installed, dipping tanks constructed and improved
bulls introduced. Among the nomadic tribes around Lake Rudolfy local
nomads have been taught fishing. Canoes, nets and lines were purchased

and catches increased from 2,000 tons of fish in 1968 to 5,000 tons in 1972,

some of which is exported to Uganda and Zaire.

In South and Central Africa, the Dobe Bushmen of Botswana and the
Bastern Hadza of north central Tanzania both live in semi~arid woodland
savannah unfavourable for subsistence agriculture. In these marginal
areas where agriculturalists often suffer from famines, the hunters and
gatherers have adapted themselves to their environments and are comparatively

better off,

This is why any projects aimed at sedentarising the nomads and
changing their way of life is not necessarily the best solution to nomadic
environmental problems, Flexible programmes must be initiated if ecological
imbalances are to be avoided. In fact, although the nomads and their practices
are blamed for expansion of the desert in Africa; there are other continental
changes which are responsible for rainfall fluctuation and the resulting

desert advancement in Africa.

EDUCATION IN THE AFRICAN ENVIRONMENT

The solution of Africa's environmental problems will depend on her
own educated manpower. What kind of animal is he? He has been shaped by
several variables., The advent of colonialism introduced religious
missions from different denominations and countries who established schools
and strived to convert Africans to their brand of religione In these
institutionsy unquestioning acceptance of dogma and doctrine was the rule.
Inquiry, curiosity, creativity and innovation were discouraged. Education
was used as a powerful tool for the status quo and the furtherance of
economic and other interests of the colonisers, such as belittling the
African heritage and depriving the African of his dignity and pride. He
developed neurotic inferioritycomplexes and remained for the rest of his life a

slave to the environment designed for hims

African education, even after independence, continues to depend on
the services of foreign teachers who use transplanted curricula and text

books. They use systems from their own countries which they know best. The
quality of these foreign teachers varies widely and often leaves a lot to
be desired., In lower levels, it is necessary to employ many ungualified

teachers who have to learn on the jobs Over—crowded classrooms and lack
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R=—)M and T——)M, effects on the environment of methods of utilisation of

the resources and of the production techniques employed;
impact on the environment of the methods of consumption of products;
P-——)M, impact of human settlements on the enviromment;
M—3R, degradation of natural resources due to abuses;
M -—3Y, conditioning of production through the quality of the enviromment; and
environment as a component of the quality of life.

Figure 2 does not, of course, szt out to do anything more than point
out the relevant relationships which, over and atove the itraditionel factors
used in planning, must be taken into consideration within the framework of a
strategy aimed at making development compatible with the management of the en-
vironment. At best, these diagrams have a heuristic value and will have to be
modified in every concrete case. Likewise it would be impossible to indicate
once and for all the operational variebies for such a strategy. On the other
hand, it is possible to identify the critical levels at which action will take
place. We distinguish six such levels, a brief description of which is given

belows:=—

1. The consumption structurey; which, in turn, depends on the distributions

of incomes and on the totality of values recognised by the sogiety in- question;

2 The socio=political regime andy more particularly, its manner*of-
dealing with social chenges; in market economies, the rule is to let
enterprises internalise profits and externalise costs, while in socialist

or mixed economies, the state may, in theory, change this rule of the game;

3. The techniques employed, where a distinction has to be drawn between,
on the one hand, the adding of anti-pollution measures to the escalation

of production and the resulting nuisances and, on the other hand, the
introduction of techniques which are not destructive of the environment, i.e.

where the enviromment factor has been internalised;

4. The methods of utilisation of natural resources and energy, analysed
from the viewpoint of wastage of rare resources, possible recycling of wastie
products, and even of controlling the obsolescence rates of certain durable goods
and equipment with a view to reducing the utilisation of rare resources

incorporated in them;

5e Land occupation systems; since the same types of production and

activitics lead to very different effects depending on their localisation; and
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6. Lastly, the size, rate of growth and distribution of the population,
it being understood that population.size alone cannot serve as an indicator
of its pressure on natural resources; by reason.of their high per capita
consumption, the few hundred million inhabitants of the rich countries
exercise more pressure than the thousands of millions of inhabitants of the

Third World.

In view of the complexity of the subject and of the many ways in
which the relevant operational variables can be fitted together, there can,

of course, be no question of proposing a single development strategy. And

so we come back once more to the search for future alternativese.

The foregoing general considerations have led to the formulation
of the concept of eco—~development. This concept aims at defining a style
of development particularly suited to the rural regions of the Third World,
though this does not mean that it cannd% be extended to include towns,

as we shall see in the case of New Bombay.
Its main features or guidelines are as follows:-

1, In each eco-region, efforts are made to develop those of its resources
which are specifically needed for the satisfaction of the basic needs

of the population in regard to food, housing, health and education, these

needs being defined realistically and independently so as to avoid the

undegirable effects of copying the consumption style of the rich countries.

2, As man himself is the most valuable resource, eco-development must
above all contribute to his fulfilment. Employment, security, the quality

of bhuman relations, respect for the diversity of cultures = or, if one
prefers, the development of a satisfactory social eco—wsystem = are all
part of this concept. A certain symmetry is discernible between the

potential contribution of ecology and social anthropology to planning.

3, The identification, exploitation and management of natural resources
is conducted from the standpoint of a forward-looking solidarity with

future generations. Depredetion is strictly prohibited and the exhaustion of
certain non-renewable resources — which is inevitable in the long term -

is mitigated by the dual approach of avoiding wastage and making the
greatest possible use of renewable resources which, if they are correctly

used, should not be exhausted ever.

Vil The negative impact of human activities on the human environment
is reduced by resorting to procedures and forms of organising production

which make it possible to take advantage of complementarities of all

kinds and to use waste for productive purposes.
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Se In tropical and sub=tropiczl regions in particular, but every-
where else as well, eco—development relies on the natural capacity of

the region for photosynthesis in all its forms. Since guideline number 1,
as applied to energy, tends to attach great importance to the use of
local energy sources and to give preference to means of transport other
than the private car, one result should be a reduction in the consumption

of energy from commercial sources (and in particular hydrocarbons).

6.. Eco-development implies a particular technical style, since the
above guidelines cannot in most cases be applied without the development

of appropriate techniques. There are two comments to be made here.

The development of eco—techniques will play a very important role
in eco-development strategies for the obvious reason that it is at thie

level that compatability can be achieved between various objectives =
economic, social and ecological ~ since technical change would appear to be

the principzal multi-dimensional variable in planning.

But it would be wrong to assimilate eco—development merely to a
technological style. It calls for certain social organisation procedures

and a new education system.

Te The institutional framework for eco-development cannot be defined
in the abstract without regard to the specific features of each case,

any more than can the new forms of rural institutions proposed by the

World Bank for achieving some success at last in the attack on absolute
poverty in rural areas and for exploiting the potential of the impoverished
masses of the Third Uorld by providing the small peasant with production

equipment znd techniques suited to his economic and ecological conditions.
e can however state three basic principles.

Bco=development calls for the establishment of a horizontal zutho-~
rity which is capable of looking beyond the interests of particular sectors,
is concerned by all the facets of development and is able constantly to

control the complementardty of the different activities undertaken.

Such an authority cannot be efficient without the effective. parti-
cipation of the populations concerned in the realisation of eco—develop~
ment strateziss. This participation is essential for the definition and
harmonisation of actual needs, for the identification of the productive
potential of the eco-system and for the organisation of the collective

effort to develop it.
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Lastly, it is essential to ensure that the results of eco-development
are not impaired by any plundering of the populations concerned by inter-—
mediaries acting as contacts between the local communities and the national

or international market.

These principles can be applied without too much difficulty in areas of
the Third World where agrarian reform has been undertaken, and also in every

case where the community structures have remained in being.

8, One necessary complement for the machinery of planning and manage-
ment is preparatory education. This argument applies a posteriori in the
case of eco-development, where it is essential also to make people aware
of the dimension of the environment and the ecological aspects of develop—
ment. Lastly, as we have already said, it is essential to internalise
this dimension and thus to change the system of values and predominant
attitudes to nature or, on the contrary, to preserve and strengthen the
respect for nature which is still a characteristic of certain cultures.
This result may be obtained either by formal or envirommental education.
The Chinese experience is very instructive in this connexion. The eco-
techniques developed in China do not differ appreciably from those which
other peasant societies have known and practised; but what is new is the
education which precedes and accompanies their application, and determines

their scope.

In brief, eco-development is a style of development which in each
eco-region calls for specific solutions to the particular problems of the
region in the light of cultural as well as ecological data and long-term
as well as immediate needs. Accordingly it operates with criteria of
progress which are related to each particular case, and adaptation to the
environment, as postulated by the anthropologists, plays an important part.
Without denying the importance of exchanges — and we shall revert to this
matter later — it tries to react :zainst the predominant fashion of
allegedly universalist solutions and panacea-type formulas. Instead of
placing too much emphasis on external aid, it relies on the capabilities
of human societies to identify their problems and devise their own original
soelutions to them,; though drawing on the experience of others. It rejects
passive transfers and the spirit of imitation, and gives pride of place
to self-reliance. It avoids the pitfalls of extreme ecologism and suggests
on the contrary that a creative effort to benefit from the margin of freedom
offered by the environment is always possible, however great the climatic

and natural constraints may be. This is amply borne out by the differences
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between cultures and human achievements in comparable natural environments.

But success depends on a knowledge of the enviromment and on the will to create
a lasting balance between man and nature. The setbacks and disasters in

which certain societies have foundered offer equally eloquent evidence of

the high price which has to be paid for inability to organise the relationships

between man and nature.

With the assistance of some examples taken from the fields of produc=-
tion, food, housing, energy, industrialisation of renewable natural resources,

conservation of resources and organisation of social services, we now
propose to illustrate the scope of application of eco-development strategies,

with special reference to eco-techniques.

FOOD

The 'green revolution'y at least in its first phase, is based on a
universalist and diffusionist philosophy of development which places too
much emphasis on the virtues of transfers of technology and the widespread
use of certain 'miracle' varieties of wheat and rice. We are unable here
to examine the complex and controversial subject of its results, and we
shall therefore merely mention that many critical analyses insist that
there are limits to its applicability, since it assumes that the problem
of irrigation is solved and it also calls for sxiensive industrial inputs.
In 2ddition, it has contributed to an increasing social polarisation and
an even more inequitable Aistribution of inocome in the countryside.
Lastly, it involves ecological risk both because of the reduction of
renetic variety and because of the extension of single—crop farming which

is more vulnerable to epidemic disease than mixed farming.

Is it necessary to conclude from this that cultural borrowings and
‘modern' agriculture should be ruled out? Though certain champions of
so—called biological agriculture may not agree with us, we reject this
conclusion. The mere list of the plants originating from America which
are now being cultivated by the rest of the world is enough to demonstrate
the absurdity of such an approach, quite apart from the fact that the
abandonment of chemical fertilisers and insecticides would lead
immediately to a decline in production with very serious consequences.
Nevertheless, it is possible to take a stand against the views incorporated
in the 'green revolution', and to strees the specific potentialities of

each eco-region in regard to food production.

This leads us to draw attention, first of all, to the importance of
ethnological research in order to take advantage — if only as a point of

departure — of local people's knowledge of their natural environment, that
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'practical science' of primitive peoples and peasants whose richness and

accuracy are constantly surprising anthropologists and ethnobotanists.

The striking diversity of types of agriculture and cultural habits in
the world may be analysed from the standpoint either of their adaptation
to natural eco-systems or of the transformation of these systems. A
classic study by Clifford Geertz draws a comparison between the irrigated
terraces of Java - veritable aquaria fashioned by man for rice cultivation -
and nomadic agriculture practised on patches of burnt soil which constitutes
an imitation of the tropical forest. These are two extreme cases in many respects;
the degree of artificiality, and supportable population densities (that of
the rice fields is as much as 2,000 inhabitants per square kilometer}: they
are also two cases of felicitous adaptation to very different sets of
ecological conditions. They reflect two very different orientations
for agronomic research, the one relating to highly labour-intensive methods
of production involving massive populations living in a small area, the
other pointing to the development of mixed farming based on the chacras
of the Mmazonian Indians and the gardens of the indigenous population of
Polynesia. In the view of several experts, the apparent disorder of the

latter conceals a profound rationality.

In general, we have insufficient knowledge about agriculture in
humid tropical arezsj and priority should therefore be given to eco-
techniques applicable in this area, on which the development of Amazonia
will to a large extent depend. This in itself is a highly controversial
theme. Should Amazonia be developed or should it, on the contrary, be

kept as a reserve, as certain people advocate?

In view of the programmes already undertaken and the existence of
mineral wealth in this region, this question is rhetorical, particularly
since the argument that the Amazonian forest is one of the 'lungs of the
world' producing oxygen is scientifically unsound. The only real problem
is how this development will be effected (and what is to be done with the
last of the Indians). Will the development be effected by traditional

techniques which involve cutting down the forest in an attempt to trans-—

form it into artificial pampas and open fields — which is quite impossible
or, on the contrary, will it be effected by eco-techniques which respect
the forest but turn it to greater profit? The results will depend on this
basic choice and the ability to create in Amazonia a new plant life
civilization. Can it be that the pessimism of Betty Meggers is due
perhaps to the fact that she does not believe in the second possibility,

while the optimism evident in the last writings of Gourou reflects
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precisely a genuine act of faith in human creativity in planning?

Whichever be the case, it will of course be necessary, here as every—
where else, to make use of methods which are already known and belong
within the range of classical solutions, even though they may not have
been adequately used hitherto. By way of example, we may mention the use
of cassava or stripped sugar cane as fodder. But the bulk of the effort

must be based on new approaches, of which we shall mention only a few.

First of all, forest-farmingy; which the Anglo-Sazons describe as
three-dimensional forestry, uses the forest as a source of industrial
materials and also of animal fodder and human foodstuffs. A glance back
to the Buropean Middle Ages will show that forests were long used as "a
cattle fodder yard of unequalled quality"™, in the words of a Burgundy
chronicler of the fourteenth century, quite apart from the role which
they have long played as a source of energy. For a long time past,
Germans have spoken of the Nahrwald - the forest as a source of fodder -
whose value is calculated in terms of the number of pigs it can feed.

The same evidence is provided by the study of certain primitive societies.
One example is the astonishing case of the inhabitants of Ukara Island on
Lake Victoria in Tanzania, which has a dense population of livestock
breeders whose animals are kept in yards and fed on a mixture of leaves
from specially planted trees and from aquatic plants. This opens up
prospects of research on trees which can produce human foodstuffs, either
directly of indirectly through producing fodder. This research is
regarded as essential for the future of agriculture in humid tropical
areas, since tree cover seems to be the best cover for the soil in these
regions. We may note in passing that forest rehabilitation will call

for a change in some ideas profoundly rooted in Buropean civilisation,
which has grown accustomed to regard forest—-clearing as synonymous with
economic progress. The rational management of the fauna and the taming
of certain species may, in certain conditions, constitute a counterpart

and a valuable extension of forest-—farmingo.

Next we turn to aquaculture or the 'blue revolution' (as opposed to
the 'green revolution') in all its aspects: the cultivation of aquatic
plants and the breeding of fish and animals in fresh water, lagoons and the
sea instead of a continuous fish-kill, There are abundant examples of this,
starting with the familiar case of fish breeding in pools, where a
judicious combination of cultivation practices and fertilisation produces

very high yields with eco-techniques which require practically no capital
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investment. Mention may also be made of the possibilities of breeding
milk-fish in brackish—-water lagoons. From certain lagoons fertilised

by sewers in Indonesia it is possible to obtain a yield of 5,000 kg/ha/year.
In Taiwan, fish breeding with fertilisers produces yields of 2,000 kg/ha/
year; and it has been calculated that in South Bast Asia 350,000 square kilometers
of water are suitable for breeding milk—fish., If they were put to use, they
could produce 70 million tons of fish at the Taiwan productivity rate, or
the equivalent of the world fish catch. One more difficult but also
promising field is the taming of certain species of aquatic mammals which
feed on plants. The most notable example might be the sea—~cow, which
unfortunately is almost entirely extinct. In tropical regions where the
soil is ill-suited for the creation of meadows; aquatic plants offer great

possibilities as fodder for buffaloes and other animals.

Going on a step further, we come to the productiorn of proteins from
leaves of various kinds, including weeds., Under certain conditions, the

plants infesting certain lakes could likewise become a raw material for
the extraction of proteins, and eutrophication could be prevented in this

way o

It goes without saying that biological pest control methods, and also
genetic research on local species which might be exploited, both mnaturally

come within the framework of an eco-development strategy.

Most of our examples have been taken from the humid tropical zones.
The problem is quite different for the arid and semi-arid zones, though
it is possible to imagine eco-development strategies for these areas as
well, Recent studies have pointed to the possibility of developing
plants which are particularly suitable for photo-synthesis in areas where
there isa lot of sunshine, high temperatures and little water. It is
true that the development of deserts may call for eco-techniques with a
high capital-intensiveness, but capital is not lacking in the petroleum
producing countries. A Japanese research project which was originally
undertaken with a view to desulphuring the petroleum of the Persian Gulf
points to the use of asphalt injected beneath the surface of the desert
to prepare certain areas for the hydropinic cultivation of plants which
are genetically suited to the brackish waters existing in the region.
It is essential to mention also the political importance of studies of
this kind, as a possible contribution to solving the Middle East conflict
by developing the resources of the desert. The national aspirations of
the Palestinians and Israelis could be satisfied more easily if the

ecology of the region were changed; and the 'Great Petroleum Scare' and
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the consequent sharp rise in prices have made it possible to envisage a
machinery for financing such an enterprise through a small surtax on
petroleum, long-term loans advanced by the petroleum producing countries
and the conversion of the military aid provided to the two opposing camps

into a desert development fund.

HOUSING

Every year, the housing shortage on the world scale increases by
some 4 to 5 million units in urban areas alone. The situation in the country-
side is far from being satisfactory. A4nd yet, paradozically, this is a
field in which over the centuries human societies have created dwellings
of varying types according to the locality and culture, and well adapted
to the eco-system and the climate, but in which misunderstood modernity

has led to such ravages that it has become necessary over recent years to
re-invent 'eco—dwellings' reflecting a high degree of ingenuity in the
choice of materials, the use of solar and wind energy, water re-cycling,
etco Housing comes within the framework of eco—development under three

closely linked aspectss

1, The use of building materials of local origin, which are abundant
and cheap, ranging from bamboo to mud; this is a problem which has been
studied in some detail, but much remains to be done in practice, starting
with the rejection of an alien system of values according to which an
aluminium roof or a steel and cement house imported at great expense is

regarded as a symbol of modernity even in the bushjg

2, The adaptation of the dwelling itself to ecological conditions; as
Wwe have already stated, this is the field par excellence for the cultural
creativity of man, in which it is necessary to take a deliberate step
backwards to re—examine traditional housing and possibly draw inspira—

tion from it. A rigid attitude of reverence for tradition isy of

course, undesirable; but architects should pay more attention to anthro-

pology and move beyond the false universalism: with which their discipline

is at present tainted; and

3. Lastly, the integration of ecology and anthropology with urbanistic
thinking and with the elaboration of structural plans for towns and all

other human settlements; this is by far the most difficult task and the

one which has so far been least studied. Hence the importance of the
pioneering efforts made by the creators of the New Bombay plan. This city

of two million inhabitants is to be built with a minimal allocation of resources
for housing proper, since the housing is to be provided by self-construction

on very small plots; but a very elaborate plan for the occupation of the ground _
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(which has been made possible by prior purchase of land by the authorities)
and rapid collective transport by railway will together provide the inhabitants
with living and working conditions which will be very reasonable compared with

those in other towns in India.
ENERGY

The debate on the importance of non-classical sources of energy is
highly charged and we have no intention here of taking a position on this
controversial subject. It is enough merely to state that the recent
increase in petroleum prices has already upset many hard-—and-fast ideas.

We shall not say anything of the possible solutions to the problem of
large—scale energy production but, in the context of eco-development
strategies, we must refer to the importance which might be attached to the
elimination of the energy waste which occurs so often in the consumption

style of the industrialised societies, and to the possible contribution

which might be made — in the case of domestic energy uses and small production
units ~ by solar energy (for example for pumps, kitchen stoves and water
heaters), wind energy (for the local production of electricity), small dams
and even the production of methane from organic sources. These various
procedures are justifiable in the conditions of isolation which exist in

many rural regions; and they also have the advantage that they can be applied
on an even more reduced scale, for example on a single farm. The possibilities
of using geothermal energy should, of course, also be carefully assessed where

they exist.

INDUSTRIALISATION OF RENEWABLE RESOURCES

One way of combating the possible shortage of certain non-renewable
resources might be to restore pride of place to the 'plant life civilima-
tions' which are so well described by P. Gourou and whose importance is
so evident in Far Eastern cultures. We do not advocate a pure and simple
return to the past as do the partisans of the so~-called intermediary and
'soft' techniques, but would rather propose some detailed research on the
possible use of plant life as an industrial raw material, both for build-
ing materials and for chemical products. The rise in petroleum prices
makes this all the more necessary, and it increases the urgency of
devising techniques for the rational management and exploitation of tropical
forests and water bodies. We believe that a special place should be reserved
for'mized techniques’ - i.e. transforming the qualities of a product by highly
technical processing, as the terminal stage in an otherwise traditional production
procedure which offers plenty of employment. All forms of processing and

impregnating timber and plant fibres, based on the latest advances in modern
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chemistry . and offering = new outlets for certain products of tropical

forests and agriculture, provide a good illustration of this concept.

CONSERVATION OF NATURAL RESOURGES

As we have already indicated in regard to the definition of
eco~development, the maintenance of natural rescurces in the name of a for-—
ward—-looking solidarity with future generations is an integral part of this
strategy, It seems that it is also an excellent field for human invest—
ment, since many soil and water conservation activities, reforestation,
etc. are suitable for the use of highly labour—iniensive techniques.

Also, as spare labour is often available, at least outside the season of
major agricultural activity, it is possible to envisage natural resources
conservation programmes which would not to any large extent diminish the
capacity of a country to undertske other development enterprises. This
is one opportunity which should not be missed, as the example of China

eloquently demonstrates.

SOCIAL SERVICES

If; as has teen suggested; the social environment is to be considered
as part of the global enviromment concept; as meaning the total habitat of
man, an eco—~development strategy must naturaily include forms and techniques
for providing social, educaticnal and cultural services which are adapted to
the specific conditions existing in the rural areas of the Third World and
also call for as little capital as possible, Many recent studies and the
experience of a number of countries prove that such techniques already exist
at the level of para-medicine and rural education. In these conditions,
Third World countries should be encouraged to attach much more importance
to these activities than they are given in the industrialised countries,; since
the possibilities for developing these services =~ like any others — are best
at the time when social workers? salaries are still low. In cther words, the
poor countries have a comperative advantage in creating many social services
which also offer employment possibilities that are more valuable to society than
the +traditional tertiary sector (domestic services and small business).
Paradoxically, it is the countries of the Third World which have the best

chance of creatirg genuine welfare states.

The concept of eco=development is intended to be operational. It
constitutes a guideline for action (orﬂ if one prefers, a philosophy of
development) whose value can be judged only in the light of practice.

Is it merely a return to the illusions of community development? Not

necessarily so since, by comparison with the community development schemes



- 218 -
IDS/OP 15

for the rural areas of the Third World, it is richer in two aspects:
first, there is the critical reflection - the failure of those schemes

and accordingly the desite to do better, particularly at the institutional
level, and secondly there is the link with natural and social ecology

which is revolutionising the habits of thought of the developers.

The application of the concept does, however, require a sustained
research effort accompanied by pilot activities subject to critical review,
so that permanent feedbacks are established between practice and action-

oriented research.

In particular, it is essential to promote the collaboration and
circulation of information on eco~development experiments as identified
and described by anthropologists, historians and human geographers, and
also on eco~techniques developed and applied by different indigenous peasant
cultures and, to an increasing extent, by certain research laboratories.
The purpose of this will be three~fold: +to inspire the imagination of
research workers and persons responsible for regional planning, to assist in
the training of eco-developers and, occasionally, to suggest experiments in
adaptation, particularly between similar eco-zones. This will require a vast
programme of comparative and interdisciplinary research and voyages in space
and time, undertaken through a network of scientific collaboration in which
our colleagues of the Third World will have primary responsibility, since
encouragement must be given above all to exchanges within the Third World, on
a South~South axis, by insisting on co~operation between eco-regions which are

similar but situated in areas geographically distant from one another.

On the basis of these exchanges, supported by specific case studies,
it would be possible to define points of interest to serve as foci for
the collaboration of biologists, technologists and planners - three professions
which have in the past had too little contact with one another. Their
exchanges would lead to the formulation of research priorities on eco-

techniques and organisational forms of eco-~development.

Without waiting for the results. of all these exchanges, it is
possible even now to undertake certain pilot activitiesy; designed to show
that regional or micro-regional development strategies would be improved
if they were oriented in the direction of eco~development. The
elaboration of eco~development 'scriptawould make it possible, in a
first stage, to take stock of actual knowledge -~ or gaps in knowlege -~

on this matter, to test the participatory and unified approach to planning



10s/0P 15

and to train eco-developers. In a second stage, it is conceivable that
the eco-development concept will simply be assimilated by the regional
planners and will thus be generally used to contribute to the indentifica-
tion of development styles appropriate to each specific case; and, in

the long-term, the internalised environment as a permanent dimension in
the field of vision of the planner is destined to vanish as a specific

field of action.

It would seem that, as a result of the Stockholm Conference, condi-
tions now exist for the above suggestions to be put into effect without

delay by the United Nations Enviromment Progamme.
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CASE STUDY: KUUMBA, A FICTIONAL COUNTRY

Kuumba is a fictional country and any resemblance to any other
country living or dead is purely coincidental. As with an, hypothetical
model; certain assumptions will have to be made as you deal with it. We
have tried to construct it in such a way that some of the problems you
face day to day in your countries may be reflected in the problems faced

by Kuumbans.

It should aluways ¥e remembered that Edumbd is only a device for
making explicit - the fundamental connections between environmental and
developmental congernse For the protection of the environment is one

of the bases for developmente.

In an artifical study such as this, we cannot expect to include
all of the facts and assumptions which a real planner facese This lack is
part of the exercisec. Dvery government and every development planner must
make decisions based upon incomplete information. In Kuumba you will do
the same, Two major development schemes and their results to date will
be presented for your discussion and recommendations. There are two basic

questions underlying both cases.

(a) What was done that should not have been done?
(b) What should we do now; given the means at hand and the

economic, social, political and technological contraints?

Implicit in these specific questions are some more general develop—

mental issues:

1. What is the best use of the resources available?

2. How does an undeveloped country develop?

3. What is the balance between public and private economic interesis?
4. How do you achieve the greatest good for the greatest number?

5. How do you formulate an integrated national development scheme?

6. What is the role of public planning?

We hope in this exercise to take advantage of the complementarity of

development and the environment. They need not and should not be in conflict.

Finally, we would be fools, even in a hypothetical game; not to
recognise the primacy of politics. We hope, however, to:make this fact itself
an assumption or at least to soft pedal its influence on the discussions.

With all of the other information provided here, there should be plenty of

materials for discussions
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The basic food of Kuumbans is ugali,; sometimes with vegetables or meat.

In the rural areas there are more vegetables, garden and wild, availables
Cabbage, lettuce, carrots, rape spinanchgetc, are also grown., The city diet
among the many men especially is buns, Cokms, and perhaps ugali. In the
Northern Region, maize crops have failed and there are growing shortages.

The Central Planning Commission acknowledges that the path to development is
not simply one of going hell=bent for industrialisation. In the first place,
-the country has no significant resources for that goal except its abundant
hydroelectric power potential and its bauxitee. At the same time, the . Commimsion
believes that some major efforis towards expanding those resources and building
light industries for import substitution will help to save scarce foreign

exchangea

To this. end, the planners have encouraged government to use various
fiscal incentives such as tax allowances, tariff protection and licensing
arrangements to establish small industrial concerns., These include bottling
plants, compamies to make bicycle parts, paints, textiles, metal processing
and pulp millse A distillery and brewery were among the early arrivals.

This plan will be pursued in the future,

Needless to say, the recent explosion of petroleum prices has had a
devastating effect on budgeted figures in all sectors of the economy. The

government is still trying to sort through wreckage of its projected figures,

The agricultural sector will probably continue to dominate the economy
in a real sense for the foreseeable futures The government paid lip service
to the needs of the rural areas for the first years of independence, but only
within the past five to six years has government begun to take the small
farmers seriously. The larger farms, the estates; have been able to manage
pretty well by themselves, Kuumk® has targeted a GoDoP, of #650 million
by the end of the decade, a growth of nearly fifty percent,

Flue=cured tobacce was introduced into Kuumba'’s Central Region in
the early 1920ss Not until after independence were Africans able to join the
business, Those who have begun have opfed for the less capital-rntensive

dark-fired varietys

Tea growing was also begun by the Luropeans in the 1900s, By the time
of independence; Africans ha®& 2bout a thousand acres of small holdings.
Estate owners continue to be Kuumba's major ftea producers, Three quarters

of the 60,000,000 pounds annual output are grown on estates.
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Groundnuts are the principal cash crop, after tobacco, grown by small
holder farmers, There is some potential for expansion of this crop sirce the
Kuumba groundnuts are of high guality and are favoured by confectioners. There
is virtually no domestic consumption, The industrial heart of the country is
in Ngamula, the capital city. .This has occured partly by accident, partly
by design. Whatever the cause, the effect is a concentration of people and
jobs unlike anywhere else in the country. 4s in most developing countries,
job applicants far outstrip jobs. Consequently, there is a growing number of
young men, scratching ocut a precarious existence shining shoes, selling news—
papers, willing to take almost any work however temporary. The population of
Ngamula is growing at about 6% per year and the municipal government cannot

begin to cope with the increased demand on its services.

Kuumba s development in the rest of this decade will be based upon the
completion of the Msilisi Dame This ambitious programme on the Juluka River is
intended to produce power for industrial expansion in Ngamula and for several
pilot agricultural projects designed to show the way towards more efficient
and productive techniques. ZTxcept for the game reserves, there are no completely
unsettled areas in tRe country. Government has decided to create several

demonstration projectseo

Although there are some 550,000 cattle and almost 600,000 sheep and goats,
government has done little to develop a systematic plan of animal husbandry., It
has been content to let the farmers and squatters use as much land as they want
to grage their animals. The result has been that in enclosed spaces the animals
have tended to eat and trample most vegetation into extinction. In larger
pastures or freer areas; the results have not been dissimilary, for the animals

liave grazed indiscriminately.

In the Northern Region, where most of the cattle=herding occursgythe
grazing capacity of the land varies between five and twenty acres per cowe This
also happens to be the major :&rea for nomads in'Kvumba. Naturally, accurate
statistics are impossible to obtain; but some estimates number them at around
20,000, Their coming and going; especially in the Northwest, has raised problems
for the Ministry of Wildlife which wants to establish another game park in that

regione

Sheep and goats are calculated to graze one sixth as much as cattle,
The nomads do not choose freely which animals they raise — they follow customs
And the custom is to possess as many cattle or goats or _sheep
as possible, no matter what their condition. The herdsmen see no reason to

change their practice of securing the maximum number of cattle.
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Kuumba will spend in the next two years $26.2 million on the develop=
ment of its infrastructure; this consists of $10.5 million on transportation,
$802 million on water supplies, sanitation, power, posts and telecommunications
and $7.5 million on roads and bridges. A further $10.5 million will be spent

on other agricultural activities in the areas without specialised projects,

A more detailed treatment of the NATA LAND DEVELOPMENT PROJECT will be

given in Appendix 2.

The NoLo.DoPo will be associated with a 100,000-head cattle ranch. The
ranch will be 100,000 acrese It is assumed that the stubble from the maize,
cotton seed and peanut by—products will bec used to feed the cattle and that
this system will easily enable stocking one animal per acre when both rangeland

and arable land products are used for stockfeed.

The increased use of fertiliser and chemical spraying from 1967 to 1969
seems to have corresponded with an increase in the yield of maize, but after
1969, there was no maize yield increase. In fact it decreased. (See sampling

of statistics in Appendix 4)

In most rural areas, the pattern of emigration is similar to that in many
parts of Africa. Land tenure and succession patterns militate against more than
one son receiving enough land to make a living from it. In addition, some of
the land is so poor that people simply cannot survive, even when they want to
remain in the countryside. So movement to the cities is not merely a question
of being attracted by the 'bright lights', Government has done little or
nothing to stop this movement, probably because, short of Draconian laws and

enforcement, there is little that it could do »

There are about 150 estates, each larger than 200 acres, ir. the “entral
Region, Some of the business people, expatriates and government officials who
oun these estates live in town and use the estates for their families' recreation.
There are small holder farm owners who have taken to ploughing small acreages
(2 acres) of corn, cotton, tobacco, tea and coffee. lost of these farmers do
not use tractors and other modern techniques of ploughing and land clearing.
What the government has tried to do instead is develop some agricultural schemes
which will encourage farmers to stay in the countryside. One of these is at

Kataes S=2e Appendix 26
TOURISHE .

Having observed the impact of tourism on the economies of countries
such as Kenya, Tanzania and Uganda, Kuumba has taken first tentative steps to
build a tourist industry. Despite its land-locked location, Kuumba has several

potential tourist attractions,
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Qe Game = Most major game,animals (zebra, gazelle, hippo, impala,
giraffe, lion, leopard, wildbeest, hartebeest and even some rare

greater kudu) are found here,
be Water — several sizeable bodies of unspoilt water remain.

Co Scenery - the highlands contain both a good climate and an impressive
variety of vistas, including several water falls. The problem is

transportation to these places,

Covernment commissioned a study which came back with the following

observationss

le The road system is deficient;
2+ There are no game lodges; and

3¢ Package tours are needed.

(For further discussion, see Appendix 2.)
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APPENDIX 1s; THE PHYSICAL STRUCTURE OF KUUMBA

The three physical regions of Kuumba are geographically determined.

Lake Harambee = 9,375 square miles = is the dominant physical feature,
Bestriding it are two 8,000 foot high plateauxe Flowing from the plateaux into
Lake Harambee are. four main rivers, These rivers are tributaries which cut
deep gullies of up to 40 feet into the plateauxs This area has suffered the
most severe erosion in the countrye No one has calculated how much soil has

been washed into Lake Harambee,

Kuumba gets most of its rain from the south-—east trade winds, East of
Lake Harambee, the. Mude plateau receives up to 70 inchese The lake itself
averages 35 inches, On the Western side, the Kwela plateau receives as much
as 55 inches, Westward from there, the rain decreases to about 30 inches,
Going northward from the Lake, there is a similar steady,decline in pre-
cipitation so that at the Northern border of the country, rainfall in the
semi=desert is both scant and spotty, averaging less than 15 inches.

The central and Northern regions are both characterised by gently
sloping topographye The division between these regions is one of rainfall

rather than topcgraphye.

So0il in the plateaux region is of the red sandy type with a mixture
of pebbles,. rocks and stones, In many,places the top soil is less than four
inches deepe In the other two regions, the soil is mainly sandy loam,but
along the Julaka river it is of the alluvial clay loam varietye The Northern
region is a mixture of savanna and “semi-desery,

Of Kuumba's total area of 36,324 square.miles, a quarter is Lake
Harambee and another 8,000 square miles is too mountainous, too swampy or too
dry for agriculture of any sort. About 500 square miles consist of national

forestry land, with rare and native stands of timber,

Then there is one major national park of some 500 square miles, The
park contains all of the major game animals except elephant, In addition,
it has a large number of the rarc grester kudue This park is the principle

tourist attraction in the country at the present time,
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LAND DEVELOPMENT SCHENE

Ql.
termining fertiliser
use, do you use a
general or specific
s0il survey for both
crop and region?

Qe2 In devising the
proper mix between
agricultural and in-'
dustrial development,
is there such a bias
in favour of the
latter that public
attitudes will have
to be changed i.c.

to give the rural
areas a better image?

As part of its second five year plan, the government
of Kuumba launched a new agricultural scheme of some,
20,000 acres in the northern part of the Nata region,
in an area which had been a forest and game reserve
under the colonial regime and during the first five

years of independences

This area had been almost a private hunting block for,
the colonial administration. Tlern sfter independence,
it had become a game and forest preserve. This was the

reason for its relatively undamaged state.

The region is: a mixture of forests and savanna, Its
altitude averages about 3500 ft. Several tributaries
of the Julaka River flow through the district., Rainfall
is: erratic,  ranging from 20 to 40 inches. The soil is
Soil

scientists estimate the land to have an average fertility

As a basis for de-~

a sandy loamy, with a depth averaging 14 inches.

for most subsistence crops. . What makes it attractive for
this project is that it has not been farmed for over

80 years, and thus has not suffered the damage from erosion
and over—grazing experienced in many of Kuumba®s rural

arease

Government clearly meant for this to be a demonstration
(In fact the Minister of Agricultuye staked his

reputation on its success.) The public announcement was

projectes

full of phrases such as "self-sufficiency", "freedom
from hunger", and "no rural surrender to the cities".
that

is it had two audiences in mind; the rest of the country

Government wanted to kill two birds with one stone,

and the people in the lands surrounding the site of the
schemes The hope was that farmers would want to practice
more scientific methods of cultivation otice they saw

the results in the target area,
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Qo3 What are the en Into 10,000 acres, therefore government moved 500

vironmental, social families, averaging 10 members each. DZach family
and economic bases for
resettlement? Is
eco-development a to purchase the other 5 acres over a 10 year period,
viable strategy
here?

received 5 acres free and clear and they were allowed

In addition, the new settlers were given access to
the common land for grazing, Government, wishing to
avoid some of the problems of over-grazing evidenced
elsewhere, prohibited the farmers from owning cattle
but allowed them to bring up to 10 goats or sheep.
It had been determined that the carrying capacity of

the land was about 5 sheep or goats to the acre,

Qe4 How do you The settlers were a mixture of subsistence fishermen

"re~train" people and farmers who had been displaced by the construction
rglsed 10 one tradi- of the Kwela Falls dame. They were of a different tribe
tional livelihood so

that they can lead pro- from the people in the surrounding area. Because of
ductive, satisfying

. X controversy concerni overnment supplied housi in an
lives in another? J ne & PP ne

earlier  Jeveloprent scheme, the settlers here were
allowed to construct their own homes from whatever

materials they could find in the forest,

. Government agronomists calculated that each family
Qe5 How important
is the distinction would be able to grow enough maize, upland ricegzground—
between the physical
and the chemical
characteristics of a to feed themselves, while devoting the major part of
s0il? Is eco-develop-
ment a viable alter—
native to semi- tea and coffee, WNo restrictions on crop proportions

mechani 8:d agriculture?

nuts, beans and sorgum, together with domestic animals,
their labour to cash crops such as cotton, tobacco,

were placed upon the farmers. Since maize had been
the staple food in Kuumba since time immemorial, it
was not surprising that the first rows were planted

in maize.

To assist the farmers further, government provided

Qe6 What are the <

guidelines for deciding tractors the first year to break the ground. Fertilisers

the appropriate teche- and inmecticidem were also provided at extremely

nologies for any

development scheme? favourable rates, allowing farmers to defer payment until
their first crop was in. However, the agricultural
agents assigned to the project were unfamiliar with the
type of soil in the area. In fact, they were much more
expert in fertiliser application than in the physical

characteristics of soils,
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Rough as some of these arrangements were. the
Qe 7 mome experts claim )
that small-holder ag-— contrast with traditional metheds was still great.
riculture does less  Outside the demonstration area, the farmers were
environmental damage
than large estates?
Is this true and if except burnt vegetation. Only about one year in five
so why?

using pangas, grubhoes, local seed and no fertiliser

saw a surplus which might be marketed, Essentially the
farmers were subsistence agriculturalists, The average
vield per acre in a good year, was aboul 3 bags of maize
(one bag =200 pounds) . The result was that farmers
spent just about all their time and land raising maize

just to feed themselves,

As: has been mentioned, prior to the opening of this
settlement, the surrounding land was under increasing
0.8 Are there pressure from both men and animals, Poaching was widely

specific types of practiced despite the stiff sentences meted out to those
soils which are
particularly erosion
prone? What are was overgrazed. MNost of the trees in the area surrounding
the environmental
implications of
clearing trees from  sell in the citiese In response to the complaints of their
large tracts of land,
especially for fire-
wood, and what are $icians »petitioned government in the early stages to halt
the feasible sub-
stitutes for
charcoal in rural it mos$,; the locals; the use of this choice land. They
areas?

caught, Sheet and gully erosion were rampant. The land

the settlement scheme had been cut down for firewood to

tribesmen and constituents,; several local chiefs and poli-

this felitist? projecty to give to the pcople who needed

objected strenuously to ‘foreigners?® owning land in their
midst. Government representatives listened politely but
did nothing. There were scattered reports of incidents

between the new and old settlers.

Prom the agricultural standpoint, however, the first
Ge9 Can such govern-
ment planned develop-
ment if properly moni- - hed farmed bofore welcomed the chance to work virgin
tored be an answer to
the 'pollution of
poverty™? they sat in their huts and sulked., Cthers learned

years were very good for the new farmers, Those who
land, Some of the fishermen could not adjust, and

quickly, especially when they saw maize yields triple

what they had been under traditional methodss

Logically, it secemed to the farmers that the same
GelC Is African
technology advanced
enough to justify with maize ought to work with cotton, tobacecs, coffee
the use of biological
insect controls?

agricultural techniques which had been so successful

and tea., So they used a great decal of fertiliser for



Qell Quite bluntly,
what should be the
balance betueen the
needs of the ani-—
mals in a game park
and the subsistence
needs of the local
populations?
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these crops as uwell,  They had known the insects which
prey on coffee plants, ad they wanted once and for all

to get rid of them. Similarly they reasoned that if 200
pounds of Ffertiliser increased yields by 200 per cent, then

400 pounds would increase it by 4 times.

As was noted above, rainfzll is erratic, so that in
gsore years there is 35 inchos and farmers are tempted +o
raise upland ricec. In facty tkis was attempted a coupnl:
of years ago. But there are dry yesars too. To give the
farmers further from the riwver more reliable sources of
water,  government has drilled a number of borxe holes. These,
however; do not prowide much morc water than is used for

domesiic needs,

On the local tributaries of the Julaka Rivey,; the yorps
of IEngineers has comstructcd a few minor earth dams. These
storage arcas provide the basis on which the farmers, agein
with government aid, hawe laid out some irrigation canalss
Az a result, they can irrigate at least one crop all yecar

longe.

A1l in all, the project scems %0 be a successs, In any
casey the Minister of Agriculture proclaims it as such and
begins making elaborate plans for similar projects in other

areas of the couniry,

However, the increase in crop yields did not continue
after the first two years; and the Minister of Wildlife
for one was dismayed by the project, It had becen his
intention %o expand the game prescrve arxea . into a full-
fledged national parks Whilc the country already had one
national park. containing wmost of the common animals
sought by tourists; this arca had several rare species and
during the eighty years in which they had remained largcely
unmolested the animals had achieved a satisfactory balance
with the land. %YThe target arca was only a small porition
of the game resecrve; However, it happened to lie directly
astride one of the main migration routes taken by some of
the larger mammels to obtain dry season water. Further
north there was much less water, The influx of settlers,

equipment and plows effectively blocked the animals’ passage,
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The Ministry of Wildlife made a half~hearted
attempt to creatve a park out of the bisected land, but
it was no use., Sguatiers and semi--nomadic tribesmen

had moved into the northern area and, given the local
opposition to the Nata scheme, there was no hope of any
other government ministry removing some of these peoplee
In vain the Ministry presented statistics showing that
the tourist potential of the park was on the order of
$5 million annually. In vain it decried the loss of
valuable species to the poachers' guns and spears. In
vain it warned that the wild animals had achieved a
precarious balance with the land, and that domestic
animals would do irreparable damage and tip the balance

towards destructions

And in just a few years, one of these dire predictijons
was fulfilled. Despite heroic efforts by game wardens,
hundreds of gazelle, oryx, bushbuck and zebra were killed.
In fairness to the tribesmen, they were hungry. They did
not kill for the sake of killing, They simply did not
believe in going hungry when they could eate

Government officials did not say so, but it was
apparent that they believed the future wellbeing of the
people would come more from their ability to raise
enough food than from relying on the tourist dollars
which would derive from the game viewing in this particular
area. The Minister of Wildlife declared that one large
game park is not enough., 3But the Minister of Agriculture
stated that, '"Peeding people is more imporitant than

feeding animals."

Near the river, a routine medical examination of
school children revealed that a number of them were

passing blood in their urine.

In the farming areas, the exciting increases in crop
yields after the first applications of fertiliser and
insecticides led to a rapid conversion of some of the
common lands to these crops, Forested lands and hillsides

were cleared and planted regardless of the type of soil,



Qel2 What are the
inherent dangers in
a single crop system
as opposed to
diversified crops?
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slope or contours A land rush ensued in which the
project people and even some outside pgople hurried

to exploit the unused lands. Moreovery the people

from outside took the opportunity to cut down many trees

for fuel,

In the fifth year the weather proved its fickleness.
The area experienced two storms which in two days dropped
ten inches of rain on the upland district. By this {ime,
great swaths of land had been cleared. There was little
vegetation to hold the soil, and thousands upon thousands
of tons of silt filled the streams.

A further problem emerged when fish in the streams
began dying mysteriously., It was discovered that their
bodies contained quantities of a lethal posticide called
Dieldrin. A neusman covering the story suggested that
there might be some connection between the Dieldrin and
the deaths., This brought immediate and outraged responses
from the Minister of Agriculture and from the head of the
fishermen's co~operatives The former said there was
nothing to link the two facts. The fishermen were frantic
at the threat to their livelihood, and possibly their
health, It was finally ascertained that the Dieldrin
had come from the coffee plots; which had been sprayed

heavilye.

Incidentally, this particular coffee was a premium
type. It had already established itself as one of the
best, It brought the highest prices at auction and this
was at a time when world coffee prices were at their
peak, 4s a resulty the director of the Coffee Marketing
Board saw fit to join the debate, asserting this was no
time to restrict coffee production, "Nothing has been
proven," he said "These are neo-colonialist rumours. We
can't. afford to lose our markets by listening to petty

fears, Don't look a gift horse in the mouth."
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RIVER

Q.1 Is there an energy
development alterna-—
tive to massive
hydro=electric
projects?

la, Is it advantag-~
eous to postpone the
exploitation of
mineral (non-renew—
able) resources with
the hope that they
will be worth more in
future?

Q.2 Is the intro=
duction of environ-
mentally non=pollu=
ting technology
prohibitively
expensive for the
developing
countries?

Q.3 Should a
government encourage
or force people from
the rural areas to
remain there; i.e.
prohibit their
migration to the
cities?

Q.4 Is the concept
of "Metroville® THE
answer to rural-
urban migration in

a country where the
government had de=
liberately displaced
rural communities and
created industrial
parks?

government built a cement plant.

During the colonial period, there was a great deal
of talk about a large dam at Kwela Falls on the Julaka River.
The narrow valley there seemed g good location for such a
damo The main purpose was to be the production of hydro-
electric power., It had become known that commercial
quantities of hauxite existed in Kuumba, and the dam would
provide all the substantial power needs for converting the

bauxite to aluminium.

Feasibility studies were encoursging but no actual con—

struction was begun,

Independence brought the plans once more to the fore.
ILike many newly independent countries, Kuumba wanted to
industrialise as quickly as possible. A policy of expanded
exploitation of natural resources, such as bauxiteylime-—
stone,; phosphorous and potential hydro—electric powergwould
be pursued with the hope of pulling along the lagging

sectors of the economy,

As bauxite requires substantial quantities of elec=
tricity to be converted into aluminium, this industry would
be the largest consumer of electricity, using about 50 W out
of the projected total output of 150 MW. In addition to
the aluminium industry, various light industries were

planned to take up a major portion of the remainder.

Taking advantage of the sizeable limestone deposits,
A 100,000 ton fertiliser

plant followed.

The political capital, Ngamula, also became the indus-—
trial centre. Govermment laid out a 5,000 acre industrial
park and encouraged cotton ginneries, coffee hulleries,
textile mills, food processing plants and other light

industries to locate there.
This required installation of a 100,000 volt transmission
line which . would also become the first link in a national

power grid.



Q.5 What are the
environmental bases
for establishing a
fishing industry?

Q.6 How does a
government make rural

living attractive?

Q.7 What is the
justification for
investing so mch
money - about one
third of the current
budget - for the
direct benefit of less
than one twentieth of
the population?
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Statistics of the Dams
Heights 5C metres
Lengths 200 metres
Cost? U.S.3 50,000,000,financed by a loan from the World

Bank
Resevoir .lArea:z 200 sguare miles
Types: Rockfill

Annual Flowsz 1,500,00,000 cubic meters,

The XKuumba government wished to fulfill several
objectives by building the dam. Besides the production

of power, secondary purposes were:

1, The lake formed would, with improved techniques,.
provide some 30,000 tons of fish annually-~ 20,000 tons

for domestic consumption and the remiinder for exporte.

2. Among the 80,000 acres to be cultivated, 15,000 acres
of alluvial soil were found suitable for a wide
variety of crops. The planners estimated that the

fertiliser production deriving from hydro-~power would,

by massive applications, more than compensate for the

As a

corollary scheme, the government planned to take the

loss of land due o creation of the lakeo

estimated 6,000 people who had been living in the
valley, and re-settle them either on the lake shore
once it was filled or in other parts of the country.
Resettlement means taking people away from the land
where .they are confident.sbout what they will eat,

even though it may be littleo

3e Flood control would be improved along the Julaka

River and its tributarieso

And so the dam was built,

planners and politicians hailed it as.the

Engineers, economists,
"Brightest
jewel in Kuumba's economic crown", and“an example all

Africa could emulateV®,

When the dam was completed in 1967, four years after
independence, President Mware proclaimed it the "beginning

of true economic independence®,

At first all seemed to go according to plan. The lake
filled swiftly, the generators functioned well. In six

months, power was surging towards Ngamula.



Q.8 Is bilharzia
infestation an
acceptable risk to
run?
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On the lake, meanwhile, fishing was a bonanza.
Fishermen could not recall such good takes. They didn®t
seem to mind moving back from the water each month or
so. Government collection of salted fish was goodo. The
only discordant notes were sounded by a few displaced

farmers,

However, even as the lake was filling, fishermen
noticed the rapid growth of one particular kind of green
plant. It floated over large porticns of the lake., At
first they thought nothing of it = minor nuisance, As
time went by the areas choked by this plant grew larger,
The men had difficulty avoiding them. Their nets became
clogged,

Also, once the lake was filled, the turbidity of the
water initially thought to be caused by soil dissolving into
the new lake did not go away completely, and the species
of fish which were common on the Juluka River before the _
dam was built disappeared almost completely.

The Department of Fisheries provided fingerlings of

several new fish species, in addition to the one which had
existed in Lake Harambee, Together, these were to be the
basis for both subsistence and commercial fishing. One
species was the Mormyrid. Government officers knew that
this fish was well=liked in West Africa, that it added
a significant amount of protein to the diet and that
commercial quantities had been taken in lskes in that area.
Unfortunately, the Mormyrid did not become acceptable to
the lbcal population. The women in particular strongly
disliked this fish which because of its elephant-like snout
made them fearful that their children would develop the same

countenances.

Reports filtered in about clashes between displaced
people and existing settlers in the resettlement areas.
Former fishermen did not take to farming and even the former
farmers in some areas complained of the hard pan, the lack

of water and the government=built block houseso

The first signs of schistosomiasis occured in lawzi.
School children reported infections. It proved extremely

widespread, almost universal among the children of



Q49 What environ—
mental standards in
the developed
countries act
against the exports
of developing
countries?
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fishermen. Anyone who used the lake for swimming or

washing was likely to become infected.

The. government health officer offered three possible
solutionss
1, Move away from the water;
2, Use massive quantities of molluscides to kill the
intermediate hosts of the schistosomes; and

3, Use chemotherapy on the infected individualse

None of these suggestions was wry attractive, because
they were.all. either impracticable, too costly or too

dangerous. $So nothing was done.

The government realised that a substantial portion of
the new land would not have the fertility of that inundated.
In compensationy therefore; it brought in thousands upon
thousands of tons of fertiliser from its new plant downstream
and gave it to the farmers at practically no cost. No
attempt was made to ascertain how'much was needed, what

kind of soil was there or what was the run—off rate.

Finally, the effluents from this same fertiliser plant
were dumped, untreated and unfiltered, directly into the

Juluka River.

.On the basis of these facts accounts and assessments,
you. as members of a task force are empowered to study this
project, decide what, if anything, went wrong and make
recommendations for corrective action and for an alternative
strategy of development starting at the same time as this
project, i.e. what should Kuumba have doney, and also what

should it do now.

Qe.10. Where in the chain
of cause and effect is
the environmental impact

the greatest?

Q.11 What kind of
environmental impact
would there be in
bauxite production?
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APPENDIX 4

Fertiliser Application in Kuumba's Central Region
By 50,000 farmers with 8 acres each (million lbs)

1964 65 66 67 68 69 70 71 72 73
30 30,5 31,2 32 45 60 60 61 62 6204

Amount of Chemicals used to Spray Cotton and Maize (ounces per farmer)
1964 65. 66 67 68 69 70 71 72 73
300 300,1 300 400 500 500 500 501 501 550

Total Yield of Maize in Million lbs. per Year
1964 65 66 . 67 . 68 69 T0 71 T2 73
600 600 600.1 600.1 900 1,100 1,000 900 850 830

Fish Canght in the Area in '000 lbs. per Year
1964 65 66 67 68 69 70 71 72 13
300 350 470 400 100 50 50 51 51 52

Reported Bilharzia Victims among Farm Pamilies
12§4 65 66 67 68 69 70 71 72 73
1,100 1,300 1,500 1,780 2,301 3,540 4,917 6,790 9,241 14,157

Volume of Sulphuric Acid and other Chemicals from Pulp Factory into River Water
(in gallons)
1964 65 66 67 68 69 70 71 72 73

400 90¢C l,200 1,700 2,200 2,500 2,900 3,052

Effluents from Mining Operations in River Water (in tons) (trailings, earth etc.,
1964 -~ 65 66 67 68 69 TO 71 T2 . T3
00 300 600 80 1,100 1,400 2,000 3,000 3,500 4,300

Estimated Weight of Soil Run—off per Acre of Arable Land (in tons)
1964 65 66 67 68 69 70 71 72 73
1.9 2 2.7 4 5 5 6 6.5 6 6

Gstimated Fertiliser loss in the Whole Area through Leaching and Run-—off
(million 1bs,)
1964 65 66 67 68 69 70 7 72 13

1 3.5 3.12 3.2 4.5 6.1 6.2 6.4 6.6 6.6
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You constitute a planning body with direct access
to the President.

Your job is to come up with a set of recommendations

based upon.
1) The materials given for Kuumba.

2) The assumptions you agree upon as a groupe.

To arrive at an evaluation of:

(a) What was done;

(b) What should have been donej

(¢) What should be done in futureyi.e. should the
past policies be pursued with modifications or
should an alternative strategy be implemented?
If the latter, what should it be?
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RECOMMENDATIONS FOR KUUMBAz GROUP 1

Chairman: Dr. L., Mhlanga.

GI“OU.E Eeader'% Mro Mo Bal'lal

orteurs Dr. Lo Mureithi

Adminigtrative Aspacis

1

20

3o

4o

4 navtional planning commission should be set up to evaluate all the country's
potential viewsed ss z whole. This body should be able to give guidance as
to where the various economic activities {(fisheries, ranches, national parks;
agricsuliure, industry, etco.) sheuld be locabeds

A Bureau for Rasource Assessment should be set up attached to the National
Plamning Commiszion.

BExplicit policy statements should be made, for example, what priorities

to attach to rural and urban areas. The chairman of the National Planning
Commigsion should attend relevant cabinet meetings so as to be in a
position to brief the Commizsion on goversment policy.

A body should be instituted with statutory powers 4o coordinate the various
ministries in the implementation of prcjects. It should be interdisciplinary
and interministerial. It should have a liziscn officer to bring in people

at local; regional and mational levels.

Project Formulation and Implementation

1.

2o

3o

Several pilot projects should be set up in a variety of locations thought to
typlify several large areas., Only those that are shown to be successful
should be replicated.

Wher projects are being formulated, the neesds of the intended veneficiaries =~
the local psople = should be considered and e¢ontinuously monitored.

Sericus consideration should be given to the locational aspects of projectse
Bvery project should be set np in the "best! location, both technically and
economically, for that project.

Land~based Proiects

1,

20

3o

4o

The utilisation of land = be it for agriculture, national parks, etc. =
should be made on the tasgis of maximizsing benefits or returns and real
exvert adviee should be sought.

Selection of crops, domestic amimals, crop mix or crop—animal mix should
be done on the same basgis ag in

Extension officers woncerned with agriculturs, fertilisers, etc. should
be in continuous contact with farmers mo as to efficiently direct expertise
into farming.

The carrying capacity of land should be assessed carefully before determining
the mumber of people per acre, livestock density and the kind of domestic
animels recommended for a given eco-system,



50

6o
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A soil conservation programme for the whole area should be implemented.
People should be educated concerning the benefits of afforestation,
terracing etc. Though most people will continue to rely on wood for fuel
for a long time, alternative sources of power should be explored and a
reduction in tree cutting encouraged.

Application of chemicals on crops should be done in correct quantities,
so as to minimise the hazards to other creatures in the environment.

Water-based Projects

1.

20

3o

There should be contimious monitoring of the situation or position of
such projects. This would facilitate anticipation of any problems that
might arise and expedite advice on corrective measures.

Research should be instituted as to whether water weeds (Salvania) should
be utilised or destroyed. Do they have economic value (e.g. feeding pigs)
or are they just a nuisance (fish killer or clogger of generator blades)?

Any water-borne disease eradication programme (e.g. schistosomiasis) should
be done in such a way that other creatures in the eco—-system are not harmed.
Selectivity in elimination is called for.
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RECOMMENDATIONS FOR KUUMBA: GROUP 2

Chairmans Dr. Nicholas Otieno

Group leader: Mr. W.N. Mbote

Drafting Committees—
Mr. Semugoma
Mr, Pintz

The following recommendations are offered as a basis for Kuumba's
fature development programme. It is felt that these recommendations are
consistent with the proposed national goals, lessons learned from past
development mistakes, and eco-development.

Agricultural Policy

1, Future emphasis should be on attaining domestic self-sufficiency in
food crops.

2. A major programme of livestock development should be undertaken.
Particular attention should be given to rural marketing institutions.

3o Maximum use should be made of animal by-products, such as manure,
and grain waste for animal feeds.

4. Fature development projects should only be undertaken when specific
soil surveys have been completed.

Resettlement Policy

1, Resettlement schemes should be preceeded by ethnic and occupational
gtudies of the proposed settler and indigenous groups.

2, During the initial stage of a project the settlers should work for
the government, and the scheme should become independent only after self-
sufficiency has been established.

Water Policy

1. IEmphasis in future development schemes should be on non-consumptive
useg of water.

2. Comprehensive studies of aquatic ecology should preceed any new water
development programme.

3. Wherever possible, water transport should be substituted for surface
transport.

Socio=economic Policy

l. The ownership of the means of production should either be directly in
the hands of government or heavily regulated for the benefit of the majority
of the people,

2. Government development policy should be oriented toward low-income
people.

3. Government should pay greater attemtion to the needs of the traditional
sector and its transition to the modern sector.

4o, Government economie policy should emphasise substitution for imported
raw materials,

Mineral Policy

1. Extraction rates of mineral wealth should be roughly compatible with
general social and economic growth.

2. The minerals industry should be localised at the earliest possible
moment.

3. Im=country processing of minerals should be encouraged.

4. 'All mineral projects should be designed so as to minimise polluting
effluents.
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Tourism/Wildlife Policy

1. Mass tourism, for example package tours, should be discouraged.

2. Tourist infra-structure should be Kept at a minimum and tourism
should be on a very exclusive/expensive basis in near-wilderness reserves,

3. Development projects should be sited on the periphery of game
areas (where no other areas are suitable). They should be sited in such
a way as to cause the least interference with natural patterns.

Health Policy

I, A massive health education programme should be undertaken in rural
areas. This programme should stress sanitation, nutrition and should
target health problems such as bilharzia.

2, The Kuumban government should provide rural health posts and clinics
for preventive programmes.

3. A comprehensive public health inspection programme should be under-
taken.

Rural Development Policy.

l. Stress should be placed upon developing marketing facilities in the

rural areas.
2. Wherever possible, urban amenities should be extended to the rural

areas.
3. A programme should be undertaken to strengthen rural instituiions

with special emphasis on traditional rural values and the rural heritage.

Urban Policy..-

1, Low income housing schemes should be established near the job
centres.

2, Minimal services (water/sewage) should be provided, together with
access to indigenous building materials.

3, No elaborate building standards should be imposed.

4. Tow income schemes should be primarily self-help.

Forest Policy

1. A major reforestation policy should be initiated as a means of
generating both rural employment and providing a source of energy in the
rural areas.

2. Where feasible, forest areas should be combined with other areas
to provide varied eco-systems and habitats.

Fisheries Policy

1. Thorough ecological studies should preceed any fisheries
programme.

2. BEstimates of maximum off-take, surveys of dietary patterns and
social attitudes in prospective markets, and a comprehensive infra-
structure and processing study should be undertaken early in any
fisheries development programme.

Bducation Policy

1, Education should be made relevant to the local needs of the people
of Kuumba. 1In particular, conservation education and appropriate economic
techniques (e.g. agricultural, mining, etc.) should be stressed.

2o, There should be an equitable distribution of educational opportunities
between rural and urban areas.
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RECOMMENDATIONS FOR KUUMBAg GROUP 3

Chairmans

Dr, Peter Mwanza

A PLAN FOR INTEGRATED SOCIO—ECONOMIC DEVELOPMENT

Preamble

The primary objective is to develop Kuumba in such a manner as to

allow the country to prosper both socially and economically and with the
minimum destruction to the enviromment. Given the primary objective, there
are several mistakes which have been committed in the past which need to
be avoideds

1,

2,

3.

The policies of government were never really clear;
particularly there was no definite ideological guidance
from the state. This made public participation difficult
as the people were generally very confused.,

The style of administration seems to have been based more
on coercive rather than educative principles (cf: policy
on bilharzia). This has been entirely negative from the
standpoint of social development,

The economy proper had declined and the country was
becoming more and more dependent on imported goods and
hence at the mercy of external economic systems. In-
ternally, there was an alarming maldistribution of econo-
mic benefits (e.g. land), especially to the detriment of
indigenous peoples

In short, Kuumba seems simply to have adopted and perpetrated the colonial
economic system inherited at independence,

The Plan

The first step towards any national planning is the collection of

data. The following steps are to be recommendeds

1.

2.

30

Government should commission a population and an economic census
so that we can determine what size of population and what range
of economic potential we are-dealing with.

The economic census should quantify all the resources and include
in"its scope a geological survey to determine what other mineral
potentials there are apart from bauxite.

Government should establish permanent data collecting institutions
for the continuous appraisal of the economy.

Infrastructure: Development will require an efficient system of both

physical and social infrastructural arrangements.

4o
50

6o

Te

Government should improve. existing roads..

Government should also improve water navigation so as to prevent
too much reliance on road transportation.

Government should make use of the electrical power derived from
the river among other things to electrify the rural areas generally.

Government should develop a more efficient marketing system especially
for agriculturgl and livestock products based essentially on railroad
development, should water transportation become for some reason

impossibles -. g

Agricultures As this is primarily an agricultural country, our aim should be to
keep the peasants on the land and hence allocation of btudgetary provisions should
clearly show this bias. Our specific task is to transform the agricultural
economy from subsistence orierntation to a cash economy.



10,

11.

12,

13,

Industrys
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Government should step up the production of maize, cotton, tobacco
and such foodstuffs as are presently imported and which can be
relatively . easily produced and.sold locally.

With the availability of the dam, irrigation projects should be
started for the introduction of high protein foods.

Government should develop the livestock industry in the north with
regard being paid to the socio-cultural factors obtaining there.
The livestock industry should be based on a feedlot system with

an average density of one animal. per acres

Government should use the opportunity presented by the dam, the
lakes and the rivers to develop a strong fishing industry. But
there should not be any further introduction of new varietiesnof
fish until a detailed survey concerning the chemistry of biotics
of water, their behavior at primary production and the nature of
aquatic life existing in them has been made.

Government should start a programme of re-afforestation in the south
which in turn will provide a basis for recreation and the development
of paper and. wood industries.

Government should sieze all undeveloped and underdeveloped farms
and transfer them intact to the indigenous people. The organisa=
tional structure of these farms should be as far as possible based
on cooperative principles.

Industrial development should in principle be decentralised so as

to avoid maldistribution of the labour force and reduce rural-urban migration
presently taking placeo

14.

15.

16.

Tourisme

Government should establish agriculturally based industries to deal
with the processing of tobacco, coffee, tea, cotton, canned foods,
paper and wood. These should be situated where the raw materials
are to be found,

Government should shift the bauxite smelting industry to Msimbi

from the region of the capital. The machinery and standards of
production should take special account of the necessity to preserve
the environment. Hence as far as possible 'clean’ technology should
be preferred.

Government should insure that these industrial undertakings are
placed under some form of public control and management.

The primary aim of the government must be to develop its rivers,

forests and wildlife for the good of its own people. The emphasis on animals
must therefore be changed to accommodate wider envirommental and human concerns.

17.

18.

Educations

Government should improve existing game parks and make them easily
accessible to the local population as well as visitors from overseas.

Government should also preserve historical monuments and other sites
for the benefit of posterity.

Education for development must be sensitive to local needs and

conditions and be properly and efficiently structured.

19,

Formal education should include as a pre-requisite a programme for
literacy and numeracy as soon as possible. Free and compulsory
education is therefore essential. In order to avoid a gap between
youth education and adult responsibility, a programme of adult
education must accompany the latter.



20,

21,

22,

- 247 - IDS/0P 15

Government should introduce a comprehensive programme of technical
education, build technical schools concentrating on acquisition

of intermediate skills, and devise ways and means of keeping leavers
in the rural areas where they are needed.

Govermnment should train an efficient cadre of extension workers

whose jot it would be to teach and communicate technical and develop—
ment information to all farmers without regard to status or level

of progressiveness.

Government should encourage the development of self-help groups
and organisations which c¢an operate both as production units and
channels of communication in the rural areas.
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RECOMMENDATIONS FOR KUUMBA: GROUP 4

Group leader: Guy Danjoux
Rapporteur: Miss Polak

After independence, the Govermment of Kuumba had to establish its
objectives concerning industrialisation and agricultural development, based
on exportse.

Agriculture for local consumption had to take second place to export
orientated production. The problems of the enviromment and of social con=—
sequences of the decisions taken have not been sufficiently considered.

We note the low expenditure in the budget on agriculture and health
and the high figure on defence. As subsistence agriculture plays an important
part in the country, more emphasis must be put on education and information.
Diversification in agriculture is strongly recommended to remedy deficiencies
in the diet of the people.

In view of the preceeding comments, in our opinion, the following
mistakes were made:

1. The construction of the dam seems unjustified in view of the possibility
of producing hydro—electric power cheaper and with less topographical
damage from the falls at the outlet of the lake. The dam seems to
have been the main influence on the whole country. All the ill effects
seem to have been overlooked at the planning stages

2. The concentration of light industries in the capital city without
at the same time promoting some of these industries in the rural areas
has been the wrong policy.

3. Soil conditions were not sufficiently investigated for the type of
crops and techniques used. Also, the question of grazing land and the
prevention of overgrazing has not been sufficiently studied.

4. The preservation of the soil on the plateau east and west of the lake
for the use of future generations has been neglected.

Recommendations

l. Creation of medium-sized towns to serve as links between the three
principle cities and the existing small settlements. These towns will be self-
contained with light industries, health and education facilities and information
centres for the needs of neighbouring settlements.

2 A rational land distribution for various uses supported by appropriate
techniques, traditional and modern, with a special view to encourage subsistence
crops and cattle raising, should be planned.

3. We consider it necessary to divide the 150 large estates at present
not fully utilised among the small farmers with growing families, or to use them
to benefit populations displaced by the construction of the dam.

4. A cooperative movement, grouping small farmers, is recommended for
the following reasonss
a) better possibilities for technical assistance;
b) commercialisation of their products;
c) supply of agricultural input; and
d) possible establishment of small industries using local
materials, agricultural products and waste.

5. Afforestation of certain areas should be undertaken and rational
exploitation of existing forests. The benefits will be timber for building
purposes, paper, chemical production and the use of greenery for cattle
feedingo

6. Anti—-erosion measure must be taken.
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Te As an alternative to building the dam and to use funds allocated
to the dam; we recommend the exploitation of the bauxite mines and
refining into the finished product of aluminium, using electric power
generated by the falls at the outlet of lake Harambee. Anti-pollution
measures must be accounted for.

8: The more rational use of the lake is recommended, including
aquaculture, transportation, recreation and tourist development.

9., Housing and human settlements. should be improved utilising local
materials to the full in the rural areas, to prevent migration to larger
towns. Better amenities such as transportation; community and health
centres, primary schools,; etc. should be provided.

10, Pinally we would advocate more research to be undertaken into
alternative (e.g. solar) sources of energy, biological insect control,
better utilisation of industrial, human and animal waste and the cultiva=
tion of certain types of crops capable of surviving in semi-arid areas.
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CASE STUDYs NAKURU, KENYA

RECOMMENDATIONS FOR NAKURU: GROUP 1

Chairman: Mr. Gachui
Rapporteur: Mr. Okoth-Ogendo

General Policy

What is required is a plan that would strike a balance between the
requirements of the human enviromment and the Lake. This means that apart
from the concerns of the National Parks we must incorporate into our plan
the concerns of the municipality and the surrounding farming community.

Preliminary Recommendations¢ Despite the memo by the National Parks, it is
fairly clear that we do not know enough about the entire environment, the
Lake, the birds, the people;, the industries and the farming systems around.

1, The Municipal Council, National Parks and the Ministry of Agriculture
should together establish and maintain a research laboratory in Nakuru
whose duty it would be to monitor information about the stability of
Lake Nakuru and its chemistry; to analyse all the waste that is dis-
charged by the various activities under ordinary and emergency conditions
in and around the town; to isolate all the harmful from the harmless
wastes; %o determine how much of these are tolerable both to the human
and animal enviromment; and to investigate what effects the special
geographical conditions of the Nakuru area would have on future develop~-
ments of the town and its environs.

Short—term Measures: The disposal of industrial waste presents a most
immediate problem both to residential areas through which the sewage passes
and the life on the Lake where the sewage ends.

2o The Municipal Council should treat industrial waste at plant sites to
prevent seepage of toxic materials into the Lake., More especially, heavy
mineral wastes should be removed before dumping them into the general
sewage system.

3o The existing heavy industries should be connected so as to minimise the
discharge of deleterious substances.

4. Better land use plans and practices should be devised for the surrounding
agricultural communities which would minimise soil erosion around the Lake
and consequently the escape of pesticides and fertilisers into the Lake.
Further, such a plan should incorporate a buffer zone between farm land
and the National Park such that agriculture is kept at a reasonable
distance from the leke,

long~Term Measures

\
In the long run more fundamental action will be needed to ensure a
more integrated development of the Nakuru enviromment.

5. The National Parks should invite a specialist to advise on the possibility
of constructing underground cables within the Park so as to prevent death
of birds through electrocution and also improve the scenery.

6o Envirommental education should be introduced into the primary and secondary
schools nearby as soon as possibles

To Industrial concentration in Nakuru should be broken by the creation of
satellite villages around the town.

8. Residential estates should be located where there is minimum possibility
of pollution. The exact locations will, however, depend upon the location
of other social amenities; e.g. schools, recreation grounds etc., but
in any case no more developments should take place towards the Lake.
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RECOMMENDATIONS FOR NAKURU: GROUP 2

Chairman: Dr. J. Okedi
Rapporteur: Dr. L. Mureithi

We offer some recommendations on four broad headings: industrial
and human wastes, agricultural practices, game park conservation and financial
and administrative arrangements.

Industrial and Human Wastes

1. A number of industries have already been set up and it would be very
expensive to dismantle and take them elsewhere. It would not be wise
to relocate those industries with hazardous effluents outside the lake
catchment area because this would just transfer the problem from one
area to another. It is recommended, therefore, that rigid standards
be set and enforced as to the tolerable level of pollution, both
water— and air-borne.

2. Waste from the present industries should be purified before finding
access to the Lake.

3. The cleansing ponds (sewage and oxidation lagoons) must be made to work
efficiently. Since they tend to be stenchy, particularly the first three,
they should be located away from human habitation, besides being away
from the Lake.

4o There is a need to remove any poisonous deposits from the sediments in
oxidation lagoons and the Lake basin.

5 Run—off from the city due to roofs and tarmac can flush petrol, oil and
grease deposits. The municipality should institute a by-law forbidding
garage owners and other users of oil from discharging this in the open
and instead require them to burn it.

6. Any new industries with effluents dangerous to wild life should be placed
outside the area and purification measures undertaken there.

Te We note the presence of vegetable gardens below the refuse dump. Copper,
lead and zinc are easily picked up by those plants and lead poisoning is
a real danger there. We recommend that the dump be removed or/and
growing vegetables be stopped forthwith. The dump should be located in
a hole OUTSIDE the catchment area.

8. To avoid imundation of the town by air-borne industrial wastes, the
dump should be located on the hill to the north-west of the town.

9. At present only one-third of the population in Nakuru are connected
to the sewage systeme The other two-thirds use pit latrines. While
seepage and percolation could purif, the water, it all depends on the
soil type. If clay, not much percolation is possible and overflow in
rainy season is a real possibility. It is recommended that pit latrines
should be planned according to the nature of the soil.

Agricultural Practices

10, Currently, cultivation is done up to the banks of Njoro River, thus
raising turpidity in the water which raises sedimentation in Lake
Nakuru and spreads havoc among the Lake—area fauna and flora. We
need to create a buffer zone between agricultural land and the National
Park and also between the National Park and the town.

11, Chemicals and fertilisers used can be flushed into the lake. It is
important that the quantities be kept to the minimum required so as
to minimise detrimental effects on the enviromment.
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12, Soil erosion is a widespread phenomenon in the area. This should be
arrested by two measures. First, cultivation of cereal crops (maize
and wheat) should be discouraged in favour of sisal and cattle
ranching. Second, intensive soil conservation measures should be
popularised,

13, PFurther settlement in the area should be discouraged. If possible,
those already settled there should be relocated.

Game Park Conservation

Lake Nakuru is a small and shallow lake which sometimes dries up,
thus affecting the animal and plant cycle. It is supplied by small rivers
and has no outlet except evaporation; thus it is essentially a soda lake so
that land animals do not use it directly for drinking. Some fish have been
introduced and are doing well.

To preserve the game park we recommends:—

14. Roads and houses should be kept to the bare minimum consistent with
viewing of wild life.

15. Lake Elmenteita forms an ecological unit with Lake Nakuru in the sense
that flamingoes and other birds migr-te between the two. These birds
must be protected even while in Lakc Elmenteita, Any interference with
the migratory cycle should be opposed. We note that Lakc Elmenteita
is on private property (lord Delamere's Estate) and for preservation
statutorily should be brought under Govermment control,

16. Ue note also that since Lake Natron in Tanzania is a migratory
sanctuary for flamingoes and other birds found in Lake Nakuru, inter-
state cooperation is necessary for a meaningful preservation strategy
for these rare birds.

17. High tension powerlines kill birds in flight, not by electrocution but
by injury on collision. If we tried fitting the wires with noise-making
mechonisms, we are not sure whether the birds will hear the noise and
avoid coollision and we also cannot be sure that this will not introduce
perpetuzl noise polliution. We recommend that the National Parks should
launch a gtudy into the mortality effects of power lines.

18. Some park animals; ~.g. water buck, are reproducing rapidly due to lack
of predators. A study should be undertaken to ascertain whether some
of these animals should be 'harvested' for human consumption, or whether
predator animals shruld be introduced in the Park in order to maintain
an ecological balance,

Financial and Adminietrative Arrangements

19. The sollection at the park gate amounts to some K.Shs 1,5 million and
results in substantial monies net of operating costs. We recognise that
the money spent in the area for food, petrol, lodging,etc. may exceed

the gate taking at the park but these are invisible benefits to hoteliers,

petrol station owners,etce There should be visible direct additions to
the orea's welfare. We propose that the National Parks should earmark
gome of that money for social amenitiecs and Harambee projects in Nakuru
al' et

20, WManseoment of the Park should be entrusted to a joint board to coordinate

various activities., On that board there should be representatives of
pericul ture, business, the municipality, the community and the National
Parks,



21,

220
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A representative of the National Parks Department should sit in various
Municipal Council committees in order to create a liaison between the
two bodies.

Residents of Nakuru should be allowed to enjoy their facility by either

(2) granting them free entrance to the Park or charging only a nominal

fee (much less than the present K.shs 5/- for citizens), or (b) maintaining
the fee but providing free transportation in the Park.
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RECOMMENDATIONS FOR NAKURU: GROUP 3

Chairman: Mr. Chileshe
Rapporteur: Mr. Kabwegyere

Problem TIsolation

1, There is a lack of interdisciplinary research.

2o There may have been some form of adaptation by the animal life in this
area. An attempt to move to a pure stage may be deleterious.

3. The problem is to try and get a reasonable balance between the human
needs, animals and the environment.

4. It was reported that there was an alternative to drain waste from Nakuru
town, but the costs were prohibitive.

5 National interests may conflict or even contradict local interests. As
a result of this a board representing the divers interests is needed.

Problem Areas

The following four problem areas were isolateds=

l. The Lake and wildlife,

2. Industrial activity,

3. Agricultural activity and
4. The human impact.

Recommendations
1. Preservation of the Lake and Wildlife

Remove the people from the Western part of the area to the Eastern
part to allow more land for wildlife aroun? the Telc as planned. It should,
however, be taken into account that Lake Elmenteita should not be affected
as it is knewn to be the breeding area of the birds. If it should be found
that Lake Elmenteita will be negatively affected, these people may be resettled
elsewhere., ' Jovernment should take into account the problems of huuan dis-—
placement with social and economic measures.

A study of the behaviour, breeding habits and numbers of the bird
life should be commissioned in order to understand the ecological balance
of the area.

2. Industrial Activity and Town Planning

In order to preserve the Lake and wildlife, industrial and town
expansion should be divided away from the Lake.

The industrialists should use anti-pollution devices to reduce
environmmental hazards that often result from industrial activitye.

The new dumping ground for industrial waste should be decided after
a thorough geological study to avoid the filtration of these dangerous products
into the Lake.

New residential estates should be sited to the north-—east of the
town.

The central government has the heavy responsibility of getting
the land, and if need be seizing it, and providing the necessary infrastruc-—
ture that is required for this planned change. Incentive schemes should be
made available to those who have the heaviest human burden. The costs of
effecting these changes should be apportioned on the basis of relative
benefits, i.e. taking account of the local people, local govermment, central
government and the international community.



- 256 - 1s/0P 15

30 Aericultural Activity

The slopes of Menengai Crater should be afforested to stop soil
denudation.

The land near the Lake should be used for ranching instead of
ordinary agriculture which tends to use high inputs of fertilisers that
finally wash into the Lake.

All these measures are meant to reduce pollutants into the Lake.
It is therefore suggested that constant checks of levels of pollution
should be undertaken.

4. Human Impact

There should be contimuous ecological studies which should include
the impact of man on the National Park aimed at preserving harmony between
animal life, humans and the enviromment.

The deleterious effects should be periodically corrected.
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RECOMMENDATIONS FOR NAKURU: GROUP 4

Chairman: G. Danjoux

An area authority should be created (for the Lake Nakuru basin) to
coordinate and unite the activities and to look for a compromise between the
interests of the different communitiess agricultural, industrial, tourist-
orientated and preservationists.

Limnology

It would be interesting to know the exact concentration of salt in
the Lake when it is at different levels. Bven if the concentration of harmful
chemicals is less in the Lake than it is in the main sewers, high enough
traces are still found in the Lake. Research should be made to determine
whether the concentration of chemicale entering the Lake could not cause a
disruption in the cycle of flamingo droppings recycled to algae.

Agriculture

S0il erosion could be prevented by terracing. Natural manure should
be used whenever possible instead of chemical fertiliser. Also chemical
fertilisers and insecticides used must be carefully selected to choose those
more easily broken down in the ecosystem. The group is against resettling
of people and would prefer to see rather an intensive programme of improving
agricultural methods, use of waste products from the dairy industries, irriga-
tion, etc.y so as to prevent an encroachment of agriculture on National Park
land.

Industry

We suggest that industrial waste should be treated separately from
domestic waste to a standard so high as to make it possible to recycle the
effluent back to the industries, always excepting the use of this recycled
water for consumption or any other purposes where it might prove unsuitable.

Domestic waste could be treated and used for irrigation.

A tax should be levied on industries graded according to the amount
of effluent from each factory. The area authority which we have previously
suggested should be responsible for the control of these opsrations.

The Town

The run—off from rcofs could be collected and directed through
pipes into the sewage system. The disposal of solid waste involves more
than just moving it to another area away from the Lake. To avoid contamina~—
tion of soil and underground water, incineration would be the best method.

The question of the new road has been discussed. Considering all
the arguments for or against the road cutting across the northern part of the
Park, we think that it would be more beneficial both to the Park and the
peorle of Nakuru for the road to pass through the racecourse and enable the
Park to be enlarged. The saving of £100,000 in this way could, in part, be
used for various purposes to benefit the people of the town.

A land use survey of the town is necessary to assess its expansion
on most suitable grounds away from the side of the Lake. The areas most
appropriate for agriculture, recreation and tourism must be protected. Tc
the north-west of the town seems the ideal site for expansion. This extension
should be comprehensively planned to include all essential amenities.
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To maintain an equilibrium between town, rural areas and the
natural enviromment, every effort should be made to improve living conditions
and create working possibilities (cottage industries, etc.) in the rural
arease.

The Park

Excavations for road use should not be made in a National Park.
Similar types of soil could probably be found in the surroundings for this
purpose. The buffer zone around the Lake must be preserved at all cost for
the benefit of wildlife.
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COMPREHENSIVE PLANNING OF NATURAL RESOURCES:
PRESENT SITUATION AND FACTORS TO CONSIDER

By
Kai Curry-Lindahl,
United Nations Environment Programme

The grim truth is that there has never in human history been
any ecologically based long-term land use planning. Regardless of whether
there have been serious pressures on the lands..and waters or not, the
utilisation of our most valuable resources hag usually constituted environmental
failure,  This sad situation is quite clear from the testimonies of the lands
and waters themselves in both so-called developing and developed countries.
Whatever region or climatic areas one focusses upon in tropical, temperate or

subarctic parts of the world, the evidence of unwise land use is overwhelming.

Therefore, in the interest of national prosperity and human progress
in the various countries of the world many reasons make it imperative that

problems concerning the ecology, conservation, management and utilisation of
a nation's renewable natural resources deserve to be accorded high levels of
priority in terms of economic, social and scientific planning. In subtropical
and tropical countries with fast-growing populations, the nutritional needs
alone provide sufficient justification for national efforts to improve the
efficiency and increase the productivity of various forms of land without
causing long-term deterioration. Yet, over the last century in general and
in the last two decades in particular, there has been in most countries an
ecologically unwise exploitation of renewable natural resources and a far-
reaching destruction on an increasing scale of water, soil, vegetation and
wild animal populations. Should this envirommental degracasion continus

for another decade without energetic and efficient measures to stop it,

there is little hope for the future of quite a number of nations.

Obviously progress = agricultural, industrial, scientific and
educational - is the only road to prosperity. However, progress does not
mean going ahead using methods and applying policies which have not tcken
ecological realities into account. Elementary ecological knowledge ond
conservation principles must be an integral part of all development planning
and decision making at the same level as social and economic considerations,
in order to avoid the process of gradual enviromnmental decline leading to a

point of no return.
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The situation just described is global in scope, but also holds true
for Africa. Can management and legislation be the answer to water and land
use problems? It certainly can, provided it is ecologically sound, effective
and implemented with a long-~term perspective. It also needs a firm political

will to implement what is ecologically necessary.

However, all attempts to plan and manage the renewable natural
resources are futile as lonz as the human population growth is not under
control., This is the basic conservation problem of Africa on which all other

serious conservation problems depend.

THE PRESENT SITUATION IN KENYA AS AN EXAMPLE

In 1972 the Government of Kenya published its National Report
to the United Nations on the Human Enviromment, presented to the U.N.

Conference on the Human Enviromment. It consisted of a review and assessment
of present envirommental problems in Kenya. .This basic document on the status
of the natural resources in Kenya received much attention and respect from
those governmments and international organisations involved in the preparation
of and participation in the U.N. Conference. The Report gives a firm back—

ground for future action.

The population of Kenya is totally dependent for its existence on
the fertility of the land, that is water and soil. Four-fifths of Kenya
consists of arid, low-yielding lands. Only 12 per cent of the land area
gets adequate rainfall for intensive farming with a further 6 per cent
of land getting marginal rainfall. 7Yet, 90 per cent of the 12 million
population live in rural areas of the country and 75 per cent obtain their
livelihood from the land. Seen against these facts, the increasing and
accelerating rate of growth of the total population, 3.3. per cent in
1969 (one of the highest in the world), obviously has far reaching and

serious implications for the enviromment and, therefore, ultimately for man.

Consequently, Kenya, like most other tropical and subtropical
countries, is facing a problem of fundamental importance for the future of the
country, namely the conservation, management and utilisation of the renewable

natural resources from which the human population derives its subsistence.

In other words, it is essential to ensure the management of these
resources and to avoid as far as possible the destructive envirommental
effects of the ever greater pressure on them caused by population increases.
Yet, every day serious damage on an increasing scale is undermining the

capital of renewable natural resources and reducing their utilisation potential.
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Certain areas are already irreparably damaged, while in others the carrying
capacity of the soil has been exceeded and degradation is accelerating. It

is evident that certain of the renewable natural resources are deteriorating
mainly as a result of unwise land-use practices which have been going on for

a long time, and in addition new forms of envirommental danger have recently
become apparent, namely the pollution of the air, water and soil often through
the use of toxic chemical biocides whioh on an accelerating scale are accumulat—

ing in the enviromment and in all living organisms, including man.

OTHER COUNTRIES

Of the other twelve African countries which are covered by this
Seminar, the following ones show a roughly parallel situation to the one prevail
ing in Kenya: Sudan, Tanzania, Zambia, Malawi, Botswana and Swaziland.
Somalia, Ethiopia and Lesotho are facing an even more serious envirommental
situation due to far-reaching erosion caused by man and livestock. Madagascar
is also entangled in dramatic consequences of unwise land use, but owing to
its peculiar ecological setting as an isolated subcontinent, it has problems
of its own. Mauritius is in a somewhat similar situation, but due to the single
culture which covers almost the whole island it has very specific environmental
problems., Uganda, blessed by a relatively high rainfall, has so far aescaped
many of the destructive forces which are affecting 11 the other countries
dealt with here,

However, whatever the ecological situation is in the various
countries, they all need to plan the conservation, management and utilisa-
tion of their natural resources in a comprehensive way in order to avoid an
unwise exploitation which might be profitable during the first years but

in the long term have adverse effectse.

USEFULNESS OF AND THREATS TO RENEWABLE NATURAL RESOURCES AS A BACKGROUND TO
ENVIRONMENTAL PLANNING

Marine and Brackish Water Resources

Tidal estuaries and brackish water habitats produce environmental
conditions that vary greatly from one area to another, depending on tides
and freshwater outflows, temperature and salinity, bottoms and vegetation,
and so on. Mangrove growths represent a very special enviromment, particularly
below the water surface where the tangle of mangrove roots creates a peculiar
underwater world with an extraordinary gathering of marine and freshwater animal
Usually estuaries and mangrove forests are regarded as unproductive waste—

lands, suitable for dumping industrial and urban wastes., The contrary is true .
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Estuaries are often among the world's most fertile areas.

Coastal shallow waters and estuarine wetlands are often subjected
to physical alterations besides being heavily polluted. Draining, dredging,

filling and waste dumping of such coastal waters and lands are often highly
uneconomic and can greatly reduce or entirely eliminate the food base for many
or even all organisms in such wetlands, with negative repercussions also to

human economic interestse.

Coral reefs are in many ways an asset. They are important economi-
cally because the productivity of their organisms is high and contributes to
several food chains in the ocean., Their fishery value is high, both directly
and indirectly, for they provide food, shelter and spawning sites for marine

lifes, In addition, they have mineral and recreational values.

Dynamiting for fishing and the trade in corals and shells as curios
for visiting tourists have grown to such dimensions that it is now a threat
to the living species and entire coral reefs., Some beaches, littorals and
reefs have been virtually cleaned by collectors for commercial purposes and

are now like lifeless submarine desertse.

Another threat to coral reefs is the unnatural accumulating
sedimentation in the sea carried by rivers as a result of soil erosion
from river banks and surrounding lands within the water basins. This
erosion is in its turn due to unwise land use., It is an example of how man—
made soil erosion in the interior of a country causes serious envirommental
damage in the sea affecting the productivity of marine fish and economically

important tourist attractions.

The coastal waters are being polluted by o0il discharged from
ships accidentally or deliberately, as well as from industrial sites on land.

The fines which have been imposed have little effect as a deterrent.

Deep ocean fishing by factory ships of several countries threatens
populations of economically important marine fish living off-shore, for

example marlin and tuna.

Freshwater Resources

Environmental deterioration of terrestrial resources affects
freshwater resources, but it also works the other way around: misuse of
water causes degradation of other resources. These problems merit attention.
This is particularly true for Africa where freshwater resources are limited

velative to area and population.
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It is of great importance in conserving water resources that the
soil-holding quality of the vegetation is not removed. Yet, this is
just what is happening over wide areas of Africa. The results are that
the soil ercdes from slopes and river banks choking water courses,
silting reservoirs, marshss and lskes and altering such marine habitats
as estuaries, lagoons and coral reefs. Moreover, the amounts of
water run—off, percolaticn, storage and slow distribution are no longer .
regulated in a rational wzy when the soil structure and vegetation deteri=
orate or are removed; this may lead %o the collapse of productive land-
scapes. There are many examples of how such man=induced disturbances of
watersheds; which formerly produced permanent and stable water flows,
have changed them to irregular water courses characterised either by
seasonal flash=flcods and long periocds of aridity or by dryness throughout
the year. As a mobile rescurce, the awvailability of water rapidly affects the
ecology of large regions., If it is polluted or contaminated or eliminated,
the damage is quickly spread over wide areas. Therefore, the management
of fresh—water ecosystems is of fundamental importance for the maintenance

of aguatic quality, on which so many other resources depend.

Several lakes have no outlets ana function as closed or internal
drainage basins, Such lakes are often very productive and have g rich fauna.
Many of them are alkaline, If toxic chemicals are used in industry and
agriculture within such closed water systems, their residues inevitably end
up in the lakes where they and other pollutants then steadily accumulate.
This is, for example; the case in Lake Nakuru, one of Kenya's prime tourist

assetso

Water development projects in the arid regions are not always of
long=term benefit to a country, as too often such projects result in
overstocking, which in turn often destroys large areas of grassland and
converts previously productive areas into deserts. Such calamities can
be avoided provided ecological factors are seriously considered at the
planning stage. Ir particular, bore-holes or other types of artificial water
supply can have very serious envirommental consequences. Often far more
and greater improvements in water supply can be achieved by proper manage—
ment of soil, Vegetation and livestock than through expensive construction

of elaborate storage structures for waber,

In regions where overgrazing slready exists and in which no control
can be exercised over the numbers or distribution of grazing domestic
animals, water development should not be abttemptedo Under such circum-—

stances, development of new water points in areas that previously had not
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been used due to lack of water ' only leads to their overgrazing and
deterioration. Where previously they would have supplied at least some
grazing during the wet season without too much damage, this possibility

could be eliminated by encouraging overgrazing during the dry season.
Experience in many areas has shown that water development in such circumstances
can at best provide temporary relief while livestock and human population
increases to the capacity of the newly available range. Following this,
however, the problems that were once confined to one area will have spread

to an entire region., Thus, water development without control over

stocking and without previous ecological research is another name for spread-

ing deserts more rapidly.

Groundwater is a resource of very high value. The use of fertilisers
has in many areas of the world, particularly in Sudan, affected the quality
of the groundwater. It can becassumed that the same kind .of pollution occurs in
agricultural areas of other countries, and it is known that groundwater supplies

in Kenya have been contaminated with chlorides; sulphides or fluorides.

Many kinds of water pollution exist in Africa and are tending to
increase. Bacteriologic and helminthic pollution is widespread. 3Bilharzia
is present in some areas and is especially associated with irrigation
schemes, $Silt pollution is increasing with forest destruction and cul-
tivation on unsuitably steep slopes, affecting the potability of water,
industrial use of water and fisheries, However, the main source of water
pollution, apart from unnatural sedimentation and persistent pesticides,
is due to dumping of industrial waste, and can have especially devastating

effects in closed freshwater ecosystems..

At present river and lake pollution in Africa is more important

than air pollution.

Besides water pollution, dam construction has also. destroyed or
altered the ecological role of rivers. The River Tana in Kenya is an
example where the construction of dams for hydro-electric power is
affecting not only the migration of freshwater fish but also that of partly
marine fish of economic importance, for example eels. Construction of
artificial fish passes could have provided the means for these fish to move
freely, thus conserving a renewable resource of high value. Moreover,
dams also prevent the downstream fertilisation effects of natural flooding
on the soils in river valleys causing a decrease of productivity not only
in seasonal wetlands such as flood plains and marshes but also in lakes and

rivers and surrounding lands. In addition dams are only temporarily effective,
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because they silt up and lose their retentive capacity. Later on floods recur,

often with much more damaging effects than natural ones.

There are other adverse effects of irrigation besides the spread
of bilharzia. Soil fertility is not always enhanced by irrigation. On the
contrary, in the long term irrigation schemes in arid or semi~arid regions
often prove to be detrimental. The high evaporation rate keeps salts in the
soil. Irrigation tends to redissolve the salts and deposit them again as
a crystal crust on the surface. Salinity increases and can make previously

fertile areas useless,

Drainage of wetlands is another example of artificial intervention in
ecosystems which does not always lead to desirable and planned results.
Wetlands are often highly productive of protein and often maintain the water
regime of a region, accumulating water during excess periods and distributing
it during dry periods. Drainage of a wetland can affect the groundwater level

in an area much larger than the wetland itself.

When discussing water as a resource, it is necessary to visualise that
it is one element in a complex watershed system also-involving air, land,
vegetation and animals. The water circulation from clouds 4o land and back
to the atmosphere is complex system of transpiration, evaporation and preciritatior
partly determined by the character of the drainage basin. These interrelation-
ships dramatise the complexity of the environment and the impossibility of

considering water as a separate, independent element.

Soil Resources

Africa's resources of fertile soils are under relentless pressure
from people wanting more land for cultivation and higher yields. This is
not only a social and political problem, but chiefly an ecological one because
at the same time other renewable resources are under such pressure that their
ability to maintain and produce soils is upset or destroyed. For example,
unwise removal of the forest cover on mountains releases an accelerating
erosion that can reach tremendous proportions. Solid matter including fertile
soils and nutrients removed by water erosion in montane areas runs into hundreds
of millions of tons. Much of the transport of sediment by river from the
mountains to the sea is a natural phenomenon and has occured long before man,
but at the present time a high proportion of the sediment is due to man-made
erosion. The intensity of this erosion is seen in the muddiness of the

majority of the rivers.,
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The interactions between soil and vegetation and the rate of nutrient
turnover from soil to plants and back to soil through decaying organisms are
of vital importance for the maintanance of soil fertility. Moreover, the
vegetation not only maintains the soily it also protects it against wind and
water erosion. In Africa, misuse of rangelands and forest through cultivation
or overgrazing by livestock have caused accelerated erosion and serious
losses of productive soils. Once lost, it takes very long periods to restore

the soil, the vegetation and the productivity of the land.

The main factors behind soil erosion are destructive land use, the
increase of unproductive and land—destroying livestock and the pressure of
human population growth. These factors often negate anti-erosion measures to
such a degree that soil erosion accelerates despite efforts to combat
it. The prospects for long-term productivity in such eroded areas are not
bright.

Soil erosion poses the greatzst problem in cultivated zones where the
rainfall pattern is seasonal, where monthly precipitation is about equal to
or less than evapo-transpiration potentials and where rain falls as intense
showers, which is frequently the case in- Africa. The cultivation of short
cycle crops on such soils is often accompanied by very rapid erosion. Soil
losses are particularly catastrophic if the first rains falling on ploughed
and seeded slopes are intense downpourse In addition, the spread of pastoralism
into areas of steep topography brings further danger of erosion, since
overgrazed and trampled slopes are particularly wvulnerable to soil losses. There
are examples in all regions of Africa of widespread, increasing srosion due to

unwise land use through pastoralism and subsistence farming.

The degree of soil pollution is, in general, not known due to lack of
monitoring. That soils must receive considerable pollution by organochlorine
pesticides is indicated by the study of a river system in Kenya where all
sampling was done at low flow thus indicating that the high residues found were

most likely the result of groundwater flows.

However, there are further kinds of soil pollution other than through
biocideg; indusirial waste and airborne fallout of radioactive materials.
There is also soil nollution through biological disease agents. Pathogenic
micro—organisms excreted by man are retransmitted to man by direct contact with
contaminated soil. Hence; the chain ian such cases is man-soil-man or
man-soil-vegetation—man, Animals can also enter in the contamination chains

animals—soil-(vegetation)-man.
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is exposed. The ultimase goal of scil resioration and ocomservation is to put
the complex blolegical procssses of soil maintarance and soil formation back
to work as they funclticasd before the decline. This is nessssarily a loug-

term task.

Flant Resources

creates the s0il, The forests ascummlsate and distribute water, Without
vegetation a region cannst function ia a productive way. In addition, the

thz soie means of converting solar snergy,; minerals ard moisture
irte ferms whish sustain lifec In other words,; the vegetatior determines, in
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relationship with sunlight; water and soil, the basic pattern of the savironment,
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A corsiderable part of Tastern Afvics receives 1z
aznaal rainfall, ard the sountry cousists of semi=arid and arid lands. Thzze

low=yielding rangelards are chiefly marginal and not suitatle for sither wl-
tivation or znimal husbandry, but they have a very high protein productivity
when utilised %y the indiz:anous herbivorss which have evolved in these arid

habitats and to which they arz admirably well adapted.

Urnfortanately, some ¢f these razngelznds ars, tbhrough mismaragsment,
deteriorating on an asccelerating scales Productive graszing lards turn o
gsemi~desert or desert ithrough overculiivation, misuse of fire; overgrazing
and overtrampling. This destruction of the protective savanna vegedation is
followed by ieoss of zcil $hrough erosizn aad $he =liminaticn of the normal
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water cycles. AL11 thess factors reinforce eazch ther in a vicious cirs

leads eventuaily to the collapse of ar otherwise productive landscaps.

Aiso forests disappear rapidly. TFor example, at present only lsss

than 2 per cent of the land area of Kenya is covered by foresis. The main econom

value T =hg ramaining indigernouvs ferests in Hastern Africe is ceriainly thair
scologreal 1ole as accurwliztors and regulators of water rescurces, as mzirnt
of envirsmnectal lealth, as retairers of watershads and soil stability and as
producers cf protein reszcurces ia the form ¢f wild animals. TYet, these fores

resources are telng depleted very rapidly, not oaly on almest &ll the hills

and mountains but alzo ia the Jowlands. There are many r=cesnt examples of how
rapidly the fores*s disappeszs on mountain siopes as a result of seltlements

of squatters and pastovalists, which mean barning, grazing, btrowsing and tramrlin

forests to dsathe
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In Kenya, over the period 1964~-1970, an average of 6000 ha, has been
converted annually to agricultural settlement as a result of official
redesignation of forest reserves. The conversion rate is also high in areas
outside gazetted forest reserve, but no precise information is available. Most
areas being converted are climax communities in the form of high forest.

This is bad economy.

Wood cutting for domestic fuel is a serious problem in many areas,
particularly in arid and semi—-arid regions. The woodlands at the fringe
of arid lands disappear very rapidly and give way to desert. Charcoal=-
burning on an industrial scale and for export also contributes to a rapid

disappearance of savanna woodlands.

The plant uptake of toxic chemicals is an environmental danger
associated with modern farming. Its occurance has to be monitored as long

as toxic chemicals are used in agriculture and forests.

Wild Animal Resources

Wild animal resources are of great economic importance for protein
and hide production and commercial tourism, besides being of pronounced
cultural, educational and scientific value. Moreover, wild animals play an
important role in all habitats by contributing in many ways to the well~-
being of the landscape: to the maintenance and dispersal of vegetation and the
control of both plant and animal populations. Conservation, management
and wise utilisation of these animal resources are difficult problems, but
it is even more difficult to reorientate people from their traditional
land use and cultural habits. Therefore, conservation of wild animal
resources in Africa must necessarily Tbe concerned with people as well as
with wildlife.

The destruction of the natural vegetation of grasslands and forests
referred to above is followed by the disappearznce of wild eanimals, and
this productive resource is being replaced over wide areas by less productive
forms of land use which, moreover, in contrast to the indigenous animals,

clearly contribute to the deterioration of the landscape.

Poaching is often considered to be the gravest danger to the African
mammals, but cultivetion has done far more damage to wild animals because it
alters or destroys habitats, in other words it removes the basis of existence

for most mammals.

The wild animals have evolved on the grasslands and in the forests

and are usually in balance with the vegetation, the climate, the water resources
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and the soil. Therefore; this complex of resources is often a much more
productive unit on a sustained yield basis than lands utilised by livestock;

particularly on marginal lands.

Bach erea of grassland or forest has a carrying capacity beyond which
it cannot be utilised by animals or man without causing damage, deterioration
and decreased productivity. In undisturbed areas inhabited by natural
populations, various mechanisms regulate the animal numbers in relation to
the environment so that they remain within the habitat's carrying capacity.
In areas altered by man and used by him or his domestic livestock, overexploitation

often results, causing the habitat to deteriorate.

When the carrying capacity of verious rangelands is studied in the
light of human failure to plan, use and manage them properly, one may question
whether livestock has any place at all on arid rangelands. With few exceptions
the available data and experience seem to indicate that in the long run cattle,
goats and sheep are uneconomic in arid and semi-arid regions, inevitably
producing such serious demage to vegetation and soil as to ruin the landscapes
Where wild animal populations are still allowed to utilise comparable arid lands,
animals and landscape both flourish, producing a sustained high yield. Even
though figures on carrying capacities from various areas of Africa have to be
taken as approximations, they definitely indicate that wild habitats used by
wild mammals reach tremendous biomass values and remain within the carrying
capacity of the land. Just the opposite situation prevails for most land utilised
by domestic livestock. Despite the fact that the biomass of livestock is
considerably lower than that of wild mammals, the domestic animals appear in

virtually every case to exceed the carrying capacity of the land.

Therefore, whether it involves wildlife management or animal husbandry
or both, it is essential to adjust animal populations to the carrying capacity
of the habitat or the pasture. A high production of proteins and hides from
wild mammals can be consistently maintained on lands which would deteriorate
under other forms of use, Africa is exceptionally well stocked with a wide
range of highly productive wild herbivores, but this potential has so far

not been rationally utilised.

Although I have chiefly dealt with the role of wildlife as a protein
resource, it proves to be of high economic value in other ways as well.
Tourism and recreation are in Africa largely dependent on wild animals,
which in this respect are utilised in the form of national parks and nature

reserves.
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Wildlife management includes restoring, protecting, conserving and
maintaining animal populations. All these stages require successful
cooperation with the envircament, a long~term, ecologically based policy
and synchronisation with other kinds of land use within and outside the
area involved. WNo such management can ever be successful if it is not based

on ecological research.

THE PLANNING OF NATURAL RESOURCES USE

The previous section has reviewed some of the conservation and resource
use problems in Fastern Africa as a background to the present enviroamental
situation. The rapid development and the rapidly increasing human population
in Africa have during a relatively short time produced dramatic changes and
new kinds of interactions with the enviromment. In fact, the relations
between man znd his environment are now changing so fast that productive resources
are seriously endangered and this process will also hampsr a well-balanced

development.

Can an accelerating development be achieved without eanvironmental
disruption? It certainly can, if the political will is firm to avoid
unnecessary damage to renewable natural resources by maintaining environmental
quality as an integral part of the development process. Such a development
programme will be costly at the initial stage, but will pay off in the

long run.

Since all the renewable natural resources are interacting, solutions
to enviroamental problems connected with these resources reguire an
integrated approach. Likewise, land use planning and a land use policy must
necessarily be based on the totality of renewable natural resources as a
whole unit consisting of interrelated resources. In the past, planning,
policies, management and utilisation of renewable natural resources have
almost exclusively been organised along sectoral lines because ecological

considerations were mostly absent.

An ecclogically based, integrated management approach to the planning
of renewable natural resources in Africa would exploit the potential of these
associated resources and insure their maximum productivity on a sustained

yield basis.

Therefore, an important part of the development planning process
should be a cleer-—cut national policy on water and land use, including the
fullest integration of air, water, soil, wild vegetational and wild animal

resources into the oversll planning and utilisation of a nation's resources.
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Such an integration must, of course, be based on the real economic and
ecological values and potentials of these renewable natural resources in
comparison with other resources (agriculture, animal husbandry, exploitation
of mineral resources, etc.) and their effects on the enviromment. In addition,
other land uses, such as human settlement, tourism, industrial development

and so forth, must also be considered in this context.

By taking account of the numerous potentialities of a given area or
region or ecosystem and of the various options for development and high
productivity on a sustained yield basis in relation to the foreseen needs
of the nation, such a policy would ensure a rational use of a country's
natural resources, based on a multiple use concept and leading to the best
economic results of land utilisation and the safeguard of the fertility

and functioning of the ecosystem.

Obviously such a policy must be based on an adequate knowledge of
the potential of a nation's natural resources and their interrelated
functioning. Such knowlege can only be obtained through geological and
ecological surveys of the land leading to the compilation of land capability
maps of each region. This material would be the basis for interdisciplinary

planning of various forms of land use in each country or region.

Since renewable natural resources are dynamic and changing, particularly
when utilised by man, such ecological surveys covering the whole of a country
have to be undertaken at regular intervals in order to provide governments

with necessary background data for a continuous planning process.

An ecosystem approach to the conservation, management and utilisation
of natural resources requires basic data on all environmental factors
affecting these resources such as physical, chemical and biotic forces. They

all interact with one another.

Land Use Surveys as a Part of Comprehensive Planning

A thorough understanding of the interrelationship between ecosystems

and different types of envirommental utilisation is essential for planning.

Before trying to review the tricky subject of land use effects on an
ecosystem or vice versa I would like to stress the limitation of current know-
ledge. We still have a long way to go to overcome the fragmentation of our
understanding of tropical ecosystems, whether natural or managed, and of all
the organisms which are interacting in these ecosystems. This is not an

easy task, because in our time man-made changes accelerate in almost every
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climatic=biotic zone creating drastic alterations to renewable natural
resources supporting life. This situation complicates the study and
management of ecosystems as well as any land use planning. Howewver, there
is no time to waste, so we must take action using the knowledge presently

available,

The aim of conservation msasures should be to maintain the high
productivity of an area or to restore an area in order to regain its eco=-
logical potential and diversity. It is also necessary to recognise and

foresee the needs of future generations.

Restoration of areas which have been ruined by man can only be
successful if the remedial action traces back step by step the ecological
processes in the natural cycle which at earlier stages had been upset by
mane In such restoration schemes technological options may be available to

effeet a cure in cooperation with the environment.

Policy, research, conservation and management are essential for the
wise utilisation of renewable natural resources. All these components are
dependent upon each other. Research data must be available prior to policy
formulation. When the land use objectives of an areaczer a region have beem
determined, monitoring and research must go on in var.uus fields as a basis
for management. But management may also set priorities for research., Finally,

both research and management may induce policy revisions.

Becological land surveys are fundamental to planning development and
optimal utilisation of renewable natural resources. They are also important
tools for land use knowledge and should be compulsory in the national interests
before any development plan is decided upon. This is especially true for
already productive regions where it must be certain that habitat manipulation
does not lead to undesirable effects due to lack of understanding of climate-

water-~soil-~plant—animal relationships.

Ecological land and water surveys necessarily involve team worke.
A specialist group, ideally, should include a climatologist,a geomorphologist,
a geographer, an aerial photographer, a pedologist, a hydrologist, a limnolo~
gist, a plant ecologist and an animal ecologist. It is useful also for such
integrated surveys to have sociologists and anthropologists (ethnologists)
on the team, because loce™- peoples® habits and knowledge of the environment
are based on generations or experieiuce and are often very accurate, Inter-
disciplinary land surveys have been made with important results in a number

of countries, The value of such integrated surveys has been particularly well
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demonstrated in Australia and New Guinea, where the Commonwealth Scientific
and Industrial Research #Organisation {C.S.I.R.0.) has developed techniques

for this sort of extensive regional surveye

To be significant, land use surveys have to be concerned with whole
ecosystems. Extensive ecological land surveys are particularly valuable for
those concerned with plant and animal population management.. Surveys of
single factors, soil or vegetation alone, are certainly useful, but the results
are of limited value and can be highly misleading as a basis for management
decisions at ecosystem level. It is, for instance, dangerous to base
recommendations for future land use on the vegetation that happened to be on
a rangeland when the survey was made. In fact, surveys of single components
of the enviromment are not truly ecological in character. Ecological surveys
must involve the entire environment or, at least, all renewable resources =

air, water, soil, vegetation and animals. Man is included in the last category.

Of elementary importance, both for determining policy and drawing
up plans for long~term research, is to know the past history of the area con-
cerned and to what extent it has been influenced by human impact. Each
land or water system is the product of a long history of landscape formation.
Without facts about the historic background of a present ecological setting,
there is a risk of making serious mistakes in both research and management,
as well as in establishing a policy, because factors determining the prevailing

situation are not understood.

The basic question behind each land use survey is the ecological
potential of the region concerned. It can be expressed in many ways.
For management purposes, whatever the final goal of a land development plan,
the biological productivity of a given area, as a part of the energy
flowing through the ecosystem, gives a firm basis of practical information.
Amongst many data emerging from ecological land surveys is the carrying capacity
of an area. It gives a measure of the number of individuals of any. domestic
or natural plant or animal species which the area concerned.can supporte.
However, it must be borne in mind that the carrying capacity is not fixed.
It varies in many ways in interaction with several envirommental factors and

is of course greatly influenced by human action.

The information expected from.any land use survey, besides the
ecological potential of an area, would include also the ecological feaibility
of planned land use. When this is determined, other questions such as the

social feasibility or economic viability of a project can be answered.
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The place of nature conservation in land use planning is obvious.
One of the most important conclusions of a landmark conservation conference
on "Conservation of Nature and Natural Resources in Modern African States"”
(Arusha, 1961) was that a study of habitats emphasises the basic
principle that, no matter to what use land is put, its maintenance. is depend-
ent upon as close as possible continuous plant cover, since that cover is
the obvious and simplest mechanism for taking in Africa‘’s chief energy
resource ~ sunlight. In fact, the maintenance of a permanent vegetal cover
in order to absorb as much light as possible must form the basis for land

use development.

A useful and desirable end product of & land use survey is a land
capability map. Such a map is based not only on physical factors of the
environment {topography, geology, ¢limate, water regime, soils, vegetation,
fauna, human population density) but also on social factors and other features
of human activities including land use history. Obviously aerial photographs
are particularly useful as a basis for land cepability maps. In fact, the
cost of modern land surveys can be coansiderably reduced by interpreting
from aerial photographs. All interpretation of data from a land use
survey with or without aerial photographs can only be made through integrated
interdisciplinary methods, even in cases where the objective is {0 survey

a single factor of the environment.

At the present time with increasing human populations and
decreasing natural resources, the need for ecological land surveys is
particularly strong. Man is no longer in the position to exploit the
environment by working against it. He must cooperate with the environment
in order to survive. Only ecological land use surveys at ecosystem lewvel
will enable man to understand how to use the environment to his benefit and

the benefit of the environment.

National parks and equivalent reserves are essential components in
ary system of land use surveys and land use planning, not only because they
constitute a wise land use in the form of recreation; education and research, but
also as sample areas for comparison with regions which have been modified by

mane

The important role of national parks and equivalent reserves in the
fields of international conservation, research, education and recreation as
well as national economy and development is becoming increasingly recognised
in many countries on all continents and by international organisations which

are not directly involved in conservation activities. So far, however,
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of reading material add to the confused state of education. The

politician has committed himself to the rapid expansion of education to
satisfy the intense popular demand without considering what kind of

person this education should produce. Unsuitable curricula have produced
unemployables who.flock to the urban centres and are proving a nightmare

to the politician. The prevailing educational system has become
institutionalised, conservative and alienated from society's real

problems. There are huge drop—out rates from most of the educational
systems while some mythical educational standards are supposed to be
maintainedo The multi-lingual nature of many societies and non-existence

of scripts in some languages have proved a serious constraint.

Institutions of higher learning established on the advice of expatriates
display an unbelievable conventionality of design and inspiration and remain
alien institutions aping European and American models. EJven African
academics brought up under colonial systems continue with what was imparted
to them under colonialisme The present dearth of scientists and
technologists is directly attributable to the present educational system.
Higher education in Africa can only get better orientation after national
goals and objectives have been so defined as to enable the universities to
be responsive to changes in the African situation and to the priorities which
will best serve the African environmentj and the infusion of indigenous pride
and the greater awareness of the African tradition are prerequisites if
Africans are to convert universities copied from the Buropean and American

traditions into true universities of Africas

THE URBAN-RURAL ENVIRONMENT

The urban population of Africa is estimated to be growing at the
rate of 8 per cent per annum and cities are doubling their population
every 10 to 15 years. Total urban population it is estimated will have
increased from 58 million in 1972 to 294 million by the year 2000. These
continent—wide increases are caused mainly by migration of people from the

countrysides

Larger cities grow faster, peri-urban slums are createdj urban
expansion imposes inescapable costs for public services and a general at—
mosphere - of instability and alienation sets in. Thiséigmigraiion has been
attributed in part to economic, social and psychological motivationse I
attribute the migration largely to the inappropriate educational systems
already described above, Whatever is the cause, it has led to serious
shortage of housing in the cities, unemployment, proliferation of peri-
urban slums, crime and delinquency with which the city planners are totally

unable to cope. Services in the cities are stretched beyond their
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elastic limit., Water supplies and sewerzsge facilities are found inadequate
and rooms which were built for twe people ccntain as many as ten or more

peopleo

The acute as well as chronic aspects of sccial problems that result
from rapid urbanisation are mest discernible in the adjustment of migrants
to urban living. The irn-migrant from a relatively homogeneous origin is
confronted with a bewildering and almost incomprehensible vastness and
heterogeneity, He must adapt to new and unfamiliar ways of making a
living. He is in a different setting often involving new kinds of
housing, sanitation, traffic cosngestiony etc. He ends up by displaying

personal disorganisation as the subjective aspect of social disorganisation.

Men azre often more numerous than women with the resultant social
disorganisation evident in most African cities. Tribal heterogeneity

leads to serious stress during the process of readjusitment,

The issues of rural exodus, unemployment and the proliferation of
peri-urban slums are clcsely interrelated. They are all a product of the
dualistic nature of African socleties which are characterised by the
depressed rural environments having islands of apparent opulence in the
form of cities. Measures aimed atr reducing the rural exodus have ranged
from establishment of work campse for the unemployed, formation of collective
farms and cocpcratives, the creation of National Youth Service Corps,
expansion of health, education; recreation and transportation facilities,
establishment of rural industrial development projectsy, formation of

Ujamaa villages, etco

In the towns, National Housing Corporations have been formed, site—
and—-service schemes intrsduced to enable in-migrants to build houses of

reasonable standards, but mcst of these only nibble at the problem,

It has been stated that since the urbanisation of man is a reality,
the counter city should be c¢f sufficient size with industries and amenities to
act as a counter balanceo These regional poles of growth — such a:. those being
planned for nine towns in Tanzania = would take the . o strain off the primate

cities and dam up some of the migratory floed moving towards themo

It must be realised; however, that enviromnmental problems of the
rural and urban areas are inter-related, It is the improvement of
services in the rural areas, the provisioa of other poles of growth and
the re—~crientation of the educational system that might help to reduce the
pressure on the beleaguered citiese Bach city arnd each country has its
own set of peculiar problems whose solutions will have to be worked out

locally.
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ENERGY IN THE AFRICAN ENVIRONMENT

The African continent is endowed with vast energy resources which
have hardly been tapped. Her mighty rivers have falls which are ideally
suited for the production of electricity. Vast reserves of hydro-carbons
including oil bearing beds in northern, western and north-eastern Africa,
including the shales of Ceniral Africa, have still to be fully exploited.
Large parts of the centinent have abundant sunshine: and are ideally placed
to tap solar energy. Geothermal energy associated with the great
rift valley in the eastern seaboard are just beginning to be investigated.
Forests produce fuel wood which supplies local inhabitants with the energy

they reguire for their daily use.

Industrialisation which is the one sure means for Africa to accelerate
her economic and social development for the impoverished masses will only

be possible by the use of her energy resources.

Electric energy was produced in Africa mainly from thermal engines
to supply urban centres and the few industrial installations, but during the

fifties and sixties a number of hydro—electric schemes were introduced, so
that by 1964 hydro-electric power accounted for more than 60 per cent of the
total production in the continent and production of electricity rose from
58,073 kWh in 1965 to 79,962 kWh in 1969. During the same period, average
consumption of electric energy per inhabitant increased from 182 kWh to 227

kWh, a growth rate of 4.7 per cent per year.

Problems experienced include distribution of electricity over long
distances, differences in voltage levels from country to country and the

uneconomic nature of supplying electricity to widely scattered populations.
With respect: to the last item it is contended that govermments should
provide electricity as a social service from which no profit is to be
expected because this would contribute to general increase in economic
activity and social development from which each country would benefit.

And the energy crisis facing Africa is the depletion of her wood resources

on which over 90 per cent of the population depend.

TRANSPORT AND COMWUNICATIONS

The present environmental problems connected with transport and
communications between Africans in an individual country. and between
African countries can be attributed to the partition of Africa among
European countries during the nineteenth century. These powers saw to it
that transport and communication were to facilitate administration
of the territories and the transfer of raw materials from Africa to the

processing industries of Burope. Roads and railways in any one country
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were only disconnected extensions from sea ports to the hinterland which
formed disconnected systems of the north-south transport and communication
channels., Telecommunications and postal services followed the same
pattern so that after independence, African countries found that not only
were their nationals unable to communicate with each other within their
borders, but also that it was impossible to communicate with their
neighbours on a transcontinental basis without passing through Paris,

Brussels or London. This communication gap still existse

This situation could neither satisfy the internal development needs
of the newly independent countries nor allow for national economic and
political cooperation between them. They therefore established
priorities: first to develop internal traffic routes into national net-—
works capable of contributing to the opening up of the hinterland, and
second to connect the national network with the transport and communi-—
cations systems of neighbouring countries. The governments realise that railways,
roads, waterways, airways and telecommunications are complementary
systems making up the total communication system irrespective of overlap
or competition since they all enhance the environment by ensuring maximum

flow of peopley goods and ideaso

With respect to telecommunications, the facilities available are a
legacy of the past both with respect to international routes served and the
equipment used. The total number of telephones in Africa in January 1970
was 3014 million, constituting l.2 per cent of the world total of 255.2
millions In a number of countriesy; inland trunk networks are poorly
developed and little effort is made to coordinate the use of telecommunication
channels. There is an increasing demand for telex, leased circuits and
other services, but traffic growth is cramped due to high costs, limitation

on hours of transmission and insufficiency of circuits.

With respect to intra-ifrican telecommunication linksy, ITU sta=
tistics for 42 African countries show that in January 1968s almost half

of intra—African telecommunications passed through Zurope (380 out of 832) -
and it was easier to get a telephone line to Europe than to one's own

neighbouring country.

The railways have shown a similar colonial pattern of serving the
hinterland route to the coastal town. Different gauges have made inter—country
.connections difficult. Cogt of construction and maintenance have made
their operations expensive. The roads have proved an even greater
environmental obstacle than the railways. MNost are unpaved and are dusty

in the dry season and become impassable quagmires during the rainse
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National airlines have been estakblished mainly for prestige purposes and

have not been operating economicaily,.

Nevertheless; steps are being taken to rectify some of the above
environmental drawbacks. Moves are afoot to establish an African tele-

communicatiocns network§ a grouping of services for the various airlines

has been proposed; the trans=African highway, the trans-West African highway
and the trans=Saharan highway are now likely to become a reality in the

near future. It is hoped that these developments will enable Africa

to communicate with herself more efficiently and in turn communicate

with the rest of the werld. The establishment of earth-satellite stations

in various parts of Africa is a step in the right directicn in this regard.

MINERALS AND INDUSTRIALISATION IN THE AFRICAN ENVIRONMINT

Africa is the major world producer of manganese (28 per cent),
cobalt (70 per cent), industrial diamonds (98 per cent), gem diamonds
(93 per cunt), platinum (40 per cent), gold (70 per cent), tantalum
(80 per cent), geranium (7C per cent), lithium (70 per cent) and radium
(100 per cent). It contains 90 per cent of the world's reserves of
chromite and is also a major producer of strategic metals like beryllium,

uranivmg caesium, corundium and graphite.

Africa’s ircn ore potential is estimated at 33,000 million long
tons « twice as great as that of the United States. It has coal reserves

to last over 30C years and large quantities of copper., The United States,
for instance, imports large quantities of Africa’s magnesium and 31 per cent
of manganese used in the U.S., comes from Gabon. Africa provides Britain with
90 per cent of her antimony requirements, 82 per cent of cobalt, 80 per cent
of manganese, 66 per cent of asbestos and 50 per cent of chrome ore. Japan

depends on Africa for many minerals utilised in her industries.

The environmental challenge here revolves around the question as to
what benefits Africa is receiving from her minerals in the international
market and what contribution are proceeds from minerals making towards the

improvement of iife among Africa’s impoverished masses.

Tt is known that Africa continues to sell raw materials cheaply from
which the industrialised countries manufacture products which they then
sell at high prices to the poor African countries. And, moreover, since
African countries do not own the minerals they producey; it is the
subsidiary foreign companies which sell the minerals to their parent

companies and which determine the prices of the unprocessed productse
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This means, in the final analysis, that there is a considerable
net outflow of wealth from the psor African couniries ic the affluent
industrialised werld. Betweer 1951 and 1965, for example, the rich
western nations injected US$16,000 million into Africa and Asia in terms of
investment and aid. During the same period, US$26,000 million were sucked
out in the form of profitsy inbterest on lecans and lcan repayments from
the same African and Asian countries and revurned t¢ the western countries,

thereby creating a net outflow of US$1l0,000 milliion.

In Zambia, US$260 million of profits were taken cut by foreign
companies between 1953 and 1963, From Zaire, foreign firms exported raw

materials valued at US%2.77 billicn between 1945 and 1955,

The indugtrialised weorld is so dependent on continuous flow of
Africa®s minerals that they have not encouraged African countries to develop

any mineral-based industries since this would reduce or even halt the

flow of their lifeblcod. At the same time; a warning note has been sounded
that there will come a time when these resources are ¢ exhausted and
Africa will find herseif with no rescurces left if she decides to follow
the known patterns of industrial development. But due to her temporary
deficiency in expertise and capiialy she has to put up with high profits
taken out and with intelerant and high~handed behaviour by expatriate
minorities brought in to run the mines, oiten engandering frustration and

jealousy among the local population.

The African governments are one day bound to express dissatisfaction
with this industrialised power~<host state relationship and demand
readjustments despite pressures that may be exerted upon them by the
industrialised world. For it is clear that Africa’s constitutional
sovereignty over her natural resources at present amounts to sovereign
impotence because of lack of capital,; the political pressure to which the
exploitation of her minerals gives rise, and above all, the fixing of raw
mineral prices in the world market by governments of other countries

and by the pernicicus interesss of the muliinational corporation monopolists.

Africa knows that she haes almost everything needed for development
and that she will ultimately deve.cp without, or in spite of, outside
assistance and involvement; and the notion will have to be accepted that
Africa’s minerals do not belong to those that find and extract them as at
present; and that mining companies are members of a service industry
extracting and processing minerals that are the property of the people
of the country in which they are found. Formulae must be found to do away

with tangled webs ¢f royalties, export duties, depletion allowances and
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special rates of depreciation. At the same ftime; decisive moves must be

made to process Africa’s minerals in Africa sc that the mining industry can
provide Jjobs for the millions of unemployed Africans; lead tc the improve-
ment of infrastruciure both in the rural and the urban envircnment and produce
the necessary revenues which would improve Africa'’s balance of payments and
bring the continent out of the vortex of poverty which makes her rely on
fictitious foreign aid and borrowing from which she appears doomed to be

environmentaily enslaved. This is a serious challengs,

Industrialisation in the African Enviroanment

Efforits at industrialisation in - - African countries are beset by
many intractable problems. Imports of goods and services; mainly the
expensive machines and skills needed to increase productivity are as high
as they are in the developed countries., Markets at home remain limited
bty local poverty or by the extreme smallness of African states. Further-—
more, industrialisation based upon the local manufacture of formerly
imported goods is relatively inefficient and relies overly on inappropriate,

capital—=intensive technology.

All these result in low use of capacity or in capacity far in excess
of any foreseeable market. In other cases where capacity has been based on
future market growth,; interim output levels have been below capacitye.
Furthermore, inadequate quality control has often rendered the local product
unsatisfactory for certain key uses. Higher prices for locally
manufactured goods have been a hindrance in competition, while irrational
pricing aimed at covering full costs at very low output levels results in
pricing the local goods out of the markety, encouraging imports and holding

local capacity idlec

Stress laid on intermediate technology for industrialisation has had
the effect of making Africa use only the second or third best instead of
aiming at the latest technological innovations, and making her perpetually
lag behind. Added to this,; shortage of trained manpower - especially in
the technical fields = is a serious boitleneck in Africa’s efforts to
industrialise rapidly. This has also led African countries to invite
multinational corporations to establish industries and bring in their

technological know—how to run these local industries.

The benefits which the host African countries derive from these
set~ups are questionable since the foreign corporation insists on easy

tax terms, transfer of profits, monopoly against other imported goods
and capital intensive methods which do not have any effect on the serious

unemployment problems facing African countrieso
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This leaves one with the impression that the degradation of human
conditions in developing Africa, which must follow upon too low a rate of
economic growth and social transformation, is likely to deepen. in the
seventies and grow to catastrophic proportions in the eighties. The
conventional import substitution, aimed at replacing imports of consumer
goods with domestic. production behind high protective barriers while the
exchange rate is kept overvalued, has raised difficult problems. The
hoped—for transformation of African economies through import-substituting
industries has not come about. A4n industrial structure has emerged which
is dependent mostly on imported inputs, and domestically oriented for its
market for which the spread effects are small. Thus inefficient industries
have been established behind high protective barriers, producing
inappropriate goods, employing capital-intensive techniques and operating

on a svb—optimal scale, thus further raising unit costse

However, in Africa today some countries are choosing the socialist
path to industrialisation, others the capitalist or private path, and all

experiencing degrees of success or failure.

POLLUTION IN THE AFRICAN ENVIRONMENT

Pollution is the qualitative alteration of any medium for the worse
so that long established equilibria between life systems which the medium

sustains are either adversely affected or even irreparably damaged.

Africa suffers from the following forms of pollution:
lMoral and mental pollution rooted in history; sand and dust pollutionj
air pollution by smoke from forest firesj bacterial pollution of the air,
chemical pollution of air and water especially in industrial/hining

complexes; and soil and water pollution by biological agentso
Many examples can be cited in African countries to illustrate these.
CONGLUSION

The environmental challenge facing Africa can be summed up in

three words : Pollution of povertys
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SQIE SOIL AND EEIATED PROBLENS. AFFECTING DEVELOPMENT

by
Peter M, Alm,

Professor of Soil Science, University of Nairobi

GENERAL CONSIDERATIONS.

Introduction

Soils. and. the Envircnments In comsidering soils and soil problems. in
relation to the development of the environment we are concerned not only
with the soil itself but also with such closely related aspects. as. the
climate, the relief of the land and other factorse, Soil greatly influences
agricultural possibilities, but. where. irrigation.water cannot be. supplied
esonomically it isy over much of tropical Africa, water which is. probably
a.more. important limiting factor than the soil itself, Thus: before he
can meke recommendations: the development planner needs: to study climate,
particularly rainfall amount, distribution and reliability, as well as:
soils:and relief, As is comsidered further in the section on soils: in
relation to the physical environment, the characteristics: of the soil are
themselves closely related to the local climate, relief, geology and
vegetation, so that in order to understand the nature of soils and their
distribution it is necessary to adopt an ecological viewpoint, relating
soils. to the landscape of which they form part, Both in order to
understand soil characteristics, therefore, and in order to plan rational
development we have to lcok not.only at. the soil itself but also to all

related aspects. of the physical environment,

In this.short paper on soil factors. affecting development it
is. possible only to indicate very briefly some of the major aspects meriting
attention, but examples. of the more technical considerations. that might
arise are given in the appendices, which also contain some suggestions:
for further reading for those who wish to go more deeply into the topics.
touched on here,

Our _Knowledge of Soilss Our knowledge of soils: is in its infancy,

e B e

since soil science is still g relatively young subject. In a later
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section on- problems posed by lack of knowledge, the extent to which
lack of technical soil knowledge actually limits development is.
discussed, In general we may distinguish between our general knowledge-
of soil science, including our knowledge of the wgys im which the soil
makes available both water and nutrients to the plant; and our more
specific knowledge of local areas, as shown by the availability of soil
maps: and related information, In-addition to this body of scientific
information - still vexy patehy and inadequate - we must neither forgeth
nor underestimate the value of the knowledge of soils-cften gequired by
the farmer, Farmers, both large-scale farmers and small-scale farmers
using traditional methods; acguire an intimate local knowledge of soils.
and the ways. of making practical use of them, and visiting scientists,
development planners and other 'experts! should make every attempt to
enlarge  their own knowledge and experience by drawing upon that of the
practical farmer, BEven illiterate farmers often have an invaluable
knowledge of local soil characteristics and an ability to recognise soil
properties and capabilities, Conversely we should be-aware of how:soils
affect what. local farmers are doing. If equipped only with hand tools
they often tend to prefer light, easily worked soils even if these are
inherently less: fertile then heavier anes, while same very heavy soils:
in Africay the black cracking clays, are-generally left uncultivated
by the unmechanised local farmer not because they are infertile but
because. they are so hard when dry and so sticky when wet that he cannot
cope with them with hand $ools,

Econamic Comsiderations.Compared with Technical Onmess- Agriculture is not

the art - or science = of growing crops. Agriculture, apart from purely
subsistence agriculture, is the art (or science) of growing crops.for a
profits We have alwgys to distinguish batween what it is technically
possible to grow in any particular area, given the local soils and climate -
and current technical knowledge, and what is econamically profitable. - There
may, of course, be special situations where a government subsidises a -
crop or activity because it is willing to pay more than the normal-price
(eogo to reduce imports, or just to keep farmers occupied and -employed),

but the fact remains that a farmer has to be able to sell at a. price

which is above his production costs., The study of the local soil amd
climate in relation to what crops can be technically produced is the

first step. The second step is to try to calculate the “ecenomic

viability of these crops, The agricultural economist has to try to predict
both future costs and future demand and selling price.
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To some extent it is techrically possible to grow anything
anywhere, provided that you are. prepared to put in enough time and money
to do so, Deserts can be irrigated, tropical crops can be grown in
Europe in heated glasshouses and so on., Much more generally, and less
spectacsularly, commercial farmers can and do modify soil characteristics.
and local climates in order to increase the amounts and ranges of the
crops grown, Whenever fertiliser is applied, the chemical characteristics
of soils are being modified, Thus it becomes true that the more intensive
the agriculiure the less relatively important is the natural fertility of
the soil, Thus we look at soil both in relation to what it is now, and
in relation to the extent to which it can be improved, The simple farmer
using shifting cultivating technigues. relies on the natural fertility
of the soil though even he improwes . : this by burning dead vegetation
and adding ash, and by othermethods,

In general we should distinguish between those chemical
characteristics. of the soil affecting productivity, and its physical
characteristics, The chemical characteristics are usually capable of
modification, at least temporarily, relatively easily and cheaply, as

when a farmer puts. on fertilisers, The physical characteristics of

soils, that 1S their texture, structure and consistency, their depth,
ease. of working, water holding capacity and so on = characteristics
which also greatly affect productivity - are much less easily modified,
To improve poor drainage, or to try to modify structure and handling
characteristics, is much more difficult and expensive usually than
Just. correcting a nutrient deficiency by adding chemicals, Thus,

for intensive, commercial agriculture involving considerable inputs,
we may be more concerned with the physical properties of the soil than
with the chemical properties since we assume that the fertility status
of the soil will be corrected as. necessary by the appropriate use of
fertilisers, though naturally the cost of doing this will have to be

taken into consideration.

Some people gppear to imagine that the task of soil scientists
and soll surveyors.is to go out and to discover exceptionally productive
soils, just as it is the task of certain geologists: to find oil. Soil
scientists and surveyors however see the task somewhat differently: soils
have different characteristics. and, depending on the current state of
technical knowledge, different potentialities, Scientifically the task
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is to study those characteristics; and see what can be done with them,
Some soils are more versatile than others, but it is unscientific and
sometimes misleading to think about 'good' soils and 'poor' soils. A
soil that is excellent for cocomuts. would be useless: for cocoa, for
example o It is better to think of many different soils having many
different combinations of characteristicsy, and to find rational and
profitable ways:; of using each soil, dJust as:in nature there is some
vegetation associated: with all soils except desert ones, so can
almost all soils be used in some way if water is available. Never-
theless, it is still obviously appropriate where there: are large.
areas. of underdeveloped land to make a.rapid reconnaissance of the
whole area and then to select for more intensive study smaller areas

which appear more immediately promising,

The Nature of Tropicsl Soils.

To what extent do soils of the tropics. differ from those of
cooler regions? Most of the intensive - work on soils so far has been
on the soils of the temperate zones, particularly on those of North
America and Europe., To what extent can the knowledge and experience
of these soils be applied to othier parts. of the world? These:are
important fundamental questionsa Pirst because there are still many
misconceptions. about the nature of tropical soils, and secondly
because we are all aware of schemes, including some very large and
costly ones, which have collapsed spectacularly, These failures
were caused, it appears, by insufficient knowledge of local soils:
and other factors, and because knowledge and technigues. appropriate to
the temperate zones have been applied uncritically to trapical areass

So0il .students at the Universify of Nairobi .are: warned at
the beginning of their studies that most of the standard soil texte
books. have been written by and for people working in the temperate.
areas. of the world; and the information contained in them is. not
necessarily equally applicable to other aress, For example, in
Europe and North America.the soils under natural grassland have a
higher humus content than the soils under forest, and are therefore
usually more productive and fertile, In tropical Africa, the reverse
is.true. The savanna.soils have.lews.humus, and are often less
productive; thanthe forest soils,
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Essentially, tropical soils differ from temperate soils. because
the environment is different, and soils reflect their envircmmente
Vegetation is different; and climate is different, The history of the
landscape may also be differemt, for many temperate soils. are. developed
in superficial deposits laid down during the last ice age, whereas many
African soils are developed on very old land surfaces and therefore
have a longer history of weathering and soil formation, But apart from
these local. variations due o geology and gecmorpholegy, the broad zomal
differences between temperate and tropical soils are those related %o
the influence of climate and vegetation, In z hot wet climate weathering
is. faster at higher temperatures, Weathering is thus most intense in
hot, wet enviromments, By weathering we mean not only the initial
weathering and softening of the parent rock, but the subsequent weathering
and development of the whole soil profile, When this continues long
enough, all the weatherable minerals. in the soil profile are broken down,
and a highly weathered fropical soil mey then consist of little except
resistant residues - claysy quartz, sand, and, usually, iron and
aluminium oxides, These are the general characteristics, to varying
extents, of the tropical soils grouped under the general term 'Iatosols!,
Such soils msy have very low reserves of fertility apart from that.in
the organic matter, since as noted, all the minerals. (such as feldspars,
micas, hornblends, etc,) waich might weather to release plant nutrients
have already weathered and the sand fraction might then consist of only
highly resistant minerals. such as guart which is of no use to the
plant, The reserves of fertility of such highly weathered soils would
then reside in the organic matter they contain, Where humus levels are
high they can be very productive, as when newly cleared from tropical
forest, but when the humus has been lost by long cultivation and/or by
erosion the soil may become relatively infertile, i.e. low.in plant
nutrients, However, as siressed above, for intensive cammercial
agriculture low fertility may be less. of a. problem than poor physical
characteristics. The physical characteristics. of many ILatosols. are
generally good in as much as. they have stable structures, and, though
clay in texture, a goed microstructure giving them good porosity and
handling qualities, Thus, though many highly weathered tropical
latosols may not have much fertility apart from the reserves in the
humis. they do have favourable physical qualities which would lend
themselves, where the relief and erosion hazard is not a difficulty,

both to mechanised agriculture and to irrigation,
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harden irreversibly, i.e. become indurated. The horizons. likely to
harden are generally subsoils, and they might harden when they are
exposed, as by topsoil removal due to erosion, Such cases, when they
oceur, are spectacular and the soil then becomes quite unproductive.
However, precisely because these cases are spectacular, and because they
interest soil workers and textbook writers froam temperate zones in
particular where such phenomena are not usually found (except in fossil
form), there has been sn unfortunate tendency to exaggerate their “impor-
tance, As a result some pecple have got the impression that the soils
of vast areas of the tropics are likely to harden irreversibly if care-
lessly cultivated and exposed, Such an impression is totally false, I
doubt if even one per cent of the soils of the tropics:are going to harden
in this way, however misused. Many of the examples of ironpan and indurated
horizons in soils,; which in some areas. limit soil depth, appear to have
hardened some time agc. Cases of mottled hardening now are less common
and extensive, As a phenomenon affecting agriculture therefore, current
lateritisation is quite unimportant in very large areas.of the tropics,
even though fossil ironpen may be a limiting factor locally in same
areas, The extent of actual or potential lateritisation constitutes
one of the popular fallacies about tropical soils,

Desertafication: The drying out of same areas of the tropics appears.

to be a consequence of climatic change and of rainfall becoming less,

of ten associated with, and aggravated by, the clearing of natural
vegetation so that less of the rain received gets into the soil and more
is. lost as run~off, When the natural vegetatior is removed, water moves
more quickly over the surface of the ground and less. seeps. into the soil,
Increased run-off means less water entering the soil and becoming available
to vegetation or crops; increased danger of soil erosion, and of flash

floods as rivers quickly rise.

Some areas. appear to be getting progressively less rain. The
Sahara Desert appears. to be expanding southwards, for example, In other
cases, less: rain locally appears to be associated with the clearing of
forest vegetation so that less water is: transpired back into the atmosphere.
If forest is cleared in areas bordering savanna where annual burning is the
rule, the annual burning of the newly cleared once=forest areas: prevents
the re—establishment of forest once the farm patches: are. abandoned and
allowed to return to natural regrowth vegetation, In this way they change
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from forest to savanna, Most African sgvannas are the result of the fact
that the dry grass vegetation has been burnt off every year by man, probably
over long periodse, Burning of once forest areas. prevents forest coming
back in, even where the rainfall might be adequate in amount and distri-
bution, and in this way the savanna.spreads. at the expense of the forest.
Both desertification and the encroachment of savanna on the forest are
factors locally important in Africa.in modifying soils and agricultural
possibilitiess

Soils in Relation to the Physical Environment

Historically we may recall that early workers on soils, such as
those in England where. there is not a. great range of climate but where
the geology is very varied, were particularly impressed by the fact that
soils changed markedly according to the parent rock or parent material,.
A soil over sandstone, for example, is.very different from one developed
over mud-stone or over limestone;, and a.soil over granite is very different
fram one developed over a basic igneous rock such as basalt, Today, even
most laymen at all interested in soils are aware of, and have little
difficulty in understanding, that soils vary considerably according to

the local parent rock or other parent material (such as river alluvium),

The soil scientists, however, see. that many other factors
affect the ways soils develop and their characteristics, These factors:
they term 'soil forming factors! and we may think of a soil forming
factor as any factor or set of factors responsible for causing differences
between soils, If two soils differ, it is because: at.least one soil forming
factor is different; conversely, two similar soils would be considered to
have developed under similar conditionsy i.e, under the influence of
similar soil forming factors. These factors are mainly factors. of the
physical envirorment, In addition to (1) the parent rock or material,
there are (2) the climate, (3) the local vegetation and soil faunay
(4) the local relief and (5) age, ioe, the length of time these environ-
mental factors have been operating, since a. pedologically young soil
differs. from an old or senile soil, so that time causes differences.
between soils even where the remaining soil forming factors. are similare.
In addition, in the case of all soils except virgin ones, a sixth soil
forming factor has modified soils = man, Man changes. a soil by burning
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or clearing vegetation, and by grazing, cultivating and so on,

The effect of the influence of these soil forming factors is
that soils are part of the natural environment and closely related to ite
The pedologist would not expect to £ind the same soil under forest as
under savanna, nor would he expect to find the same soil in a.dry arem
as in a wetter one, These considerations explain why, in the example of
Kenya referred to above, there is such a great variety of soils related to
the variety in climate; relief and vegetation as well gm geology. In order
to understand the characteristics and distrivution of soils we have
therefore to adopt an ecological approach which seeks to study and under-
stand soils in relation to their environment., We have already noted
above that tropical soils differ fram temperate zmme soils because the

environment, particularly the climate and vegetation, are different,

Soils in Relation to Agricultural Possibilities and to General

Development Planning

We have to consider the very complex question of the extent of
our present knowledge of soils and soil characteristics in relation to
our knowledge of the needs of plants and crops, and the degree to which
that knowledge of soils can or camnot help us in rational development

planning,

Availability of Technical Soils Inférmation: We may distinguish between

our general knowledge of soils, incIuding soil physics, soil chemistry,
soil genesis and classification and soil microbiology, and our specific
knowledge of soils of any particular country or area under considerations
Under general aspects one might include, to take examples in the field

of soil chemistry and fertility, our general kmowledge of the soil factors
affecting the supply to the plant of nutrient elements, These general
aspects would include, for example, study of the nitrogen cycle and
factors. governing the rate at which soil organic matter mineralises. to
release nitrogen and other elements; they would include studies on soil
potassium and factors affecting its release fram slowly available forms

in the soil and its supply to the planty they would include studies on soil
facters affecting the supply of phosphorus to the plant and soil factors
which affect the extent to which phosphate added as fertiliser is available
to the crop or lost through being fixed by the soil as available forms,
These general studies would point out general relationships which,

though based on the study of soils in specific areas, are thought to be
widely applicable, Excess magnesium in the soily, for example, inhibits

the plant uptake of potassium, and vice versa, We believe that these
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general relationships hold good to a considerable extent for soils wherever
they are, and our knowledge of these general factors and relationships. has
expanded very greatly over the last 25 years and is probably now expanding

faster than ever before,

Compared and contrasted with this general knowledge is our
knowledge, or lack of knowledge, of specific areas, In much of Africa,
for example, there are still no detailed soil maps, Systematic soil
mapping was started by several African countries.after the Second World
War but in most of Africa only general, small-scale maps. are avallable
with little more than ad hoc detailed work on specific areas which may
have been investigated more thoroughly in relation to specific problems

or projects,

A further difficulty is that methods of work and systems of soil
classification in different countries are not always the same, It may not
be easy to correlate, for example, soils described, mapped and classified.
in English~speaking areas withg those of French- or Portuguese~speaking areas
which have adopted different systems of classification, However, attempts
have been made by the S.P.I. and by FoA.O, t0 compare and synthesise
general soil information and to produce, though only on a small scaley

general soils maps for Africa,

Anybody interested in planning the agriculture of a specific area
in Africa has really to do two things as regards soils: he has to obtain
some knowledge of local soils, their characteristics and distribution, and
he has: to try to relate. this local knowledge to the relevant aspects of.
the body of general soil knowledge available, He might for example locate
acid peat soils in an area: he would then relate this to general information
acquired elsewhere about the properties. of acid peat soils and their
reclamation. He would note, inter alia, that such soils are often short of
a: trace element, copper, so that he would be alerted to the likelihood of
ccpper deficiencies occurring,

There are an almost infinite number of different soils (or soil
series) in the world, but the pedologistls answer to this variety is:the

process: known as soil correlation, Soil correlation seeks to campare
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soils so as to group those which are for practical purposes similar, or
similar in some relevant aspects, In this way knowledge acquired about

a soil 1in one area.can be usefully applied to & similar soil elsewhere,
Without good soil correlaticn, soil science could hardly make much
practical contribution to agriculture, Here in Kenya, for example, there
are. in the Nairobi area two very distinct and contrasting types of soil,
There is. the widespread red soil, the so=called Kikuyu friable clgy, This
is an excellent soil, one of the best soils in many wgys that I have ever
seen, It is deepy, friable; easily worked, well drained, has a high moisture
storage capacity and, if well supplied with organic matter, is generally
fertile, It is a Latosol developed over intermediate and basic volcanic
rocks and if we wanted to find out more about such a soil we would, in
addition to examining the soil itself and its associated agriculture, obtain
information about work on comparable volcanic soils in other parts of the

world,

The second +type of soil found in the Nairobi area is. a: complete
contrast to the red soil, It is a black, heavy cracking clay, poorly
drained and impermeable when wet, and very difficult to work and cultivate
because it is extremely sticky when wet but very hard when dry., The marked
differences in physical characteristics between these two soils are related
to the fact that the clgy mineral in the red soil is mostly kaoling, a
non-expanding clay which is. generally associated with good physical
properties. (particularly when, as in this case, it is bound into
stable micro-aggregates by iron and aluminium oxides)whereas;the
clay minerals in the black soil include montmorillomite, Montmorillonite
expands when wet and shrinks when dry, and soils containing, this. clay
mineral crack severely on drying and have other unfavourable physical
properties which make them difficult to cultivate., The black, cracking
clays of the Nairobi area are however not an isolated phenamenon peculiar
to that area, They are examples of a widespread group of soils known
variously as Tropigal Black Earths, Tropical Black Clays, Vertisols
and other terms, which are found scattered throughout many parts of the
tropics, Similar soils occur, for example, in West Africa. (in Ghana
and near lake Chad), in South Africa, in the West Indies, in parts of
South America and in India, where they are known as. 'Black Cotton Soils'y
since cotton 1s one of the crops grown on them there., In other areas
they have been successfully cultivated for sugar-cane and rice, often
with irrigation, and often with special measures to improve their

naturally slow drainage, Thus, the point being emphasised here is that
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anybody concerned with using and developing these soils in the Nairobi
area should not work in isolation but should tzke care to examine the
soils with a view to comparing them carefully with similar soils else-
where, In that way he might find that he can adopt or adapt cultural
techniquesy and even crop varieties, that have been successfully used

in other parts of the world where the soils are comparable,

A:mention of the topic of soil correlation leads naturally to
the question of the classification of soils and the valuey to the planner,

of soil classification,

Soil Classification and its Relevance to Development Planning: Why classify

soils? If we know why we want to classify, then we are better able to

select the type of classification appropriate to our needs,

There are many types of soil classification, some very general
and seemingly relatively academic, others immediately practical. The
general classifications adopted and often discussed at length by
pedologists are clessifications which try to relate the characteristics
of a:soil profile to the way the soil was formed, i.e. to soil genesisy
and to soil groups which are thought to have similar characteristics
because they were formed in a comparable way., Such general systems
usually attempt to encompass all the world's soils, or all our present
knowledge of them, and to classify them in such a way that any soil
can be fitted into its appropriate Ordery, Family, Group, Sub=Group and
S0 on, Such a general classification might be compared with the botanical
classification of plants or the zoological classification of animals, in
whichevery plant and animal can be fitted into its genus and species,
Soils can never be classified in the same way as plants or animals
because they vary in so many aspects and grade into each other often
gradually so that some divisions have to be fairly arbitrary, but
nevertheless such classificetions have enabled soil scientists to correlate
soils on a world scale and to focus attention an specifie soil properties
thought relevant to the classification and to the genesis of the soils,
Such a general classification, by its very nature, does not seek directly
or primarily tc emphasise agricultural characteristics. or value, though
it may give such information on these, As a result there is also a need
for other classifications, often less complex because they emphasise

relatively few and more practical aspects, and often are apecially asdapted
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to loczl needs and conditions. These practicaly often local, classifi=
cations are in scme cases more useful in relation toSpecific projects

than the general classgifications.

In classifying soils for a specific scheme or project the local
climate and soil conditions often suygest a specific range of craps, and
of soil criteria particularly relevant to assessing the value of soils
for the crops in mind, If drainage is importent, a map classifying soils
according t0 drainage may be useful, If soil depth is limiting, & map
showing soils grouped according to effective depth may be needed, In
other cases soils mgy be usefully grouped and mapped according to texture,
or to organic matter content, or to reaction (pH)., For irrigation purposes.
the salt content of the soils mey be particulerly important., In the Gezira:
scheme in the Sudany for example, a soil map showing salt content was found
particularly useful in selecting soils for irrigation, These are specifie
examples of soil classification, albeit very simple ones, which can successe
fully help evaluate soils and help in selecting soils most suited to a.
particular use, There gre also other more general simple practieal
schemes which have been widely used, One is the U.S. land capability
classification (See Appendix 1,) which groups. land into broad classes
according to the degree of limitation; it emphasises mainiy relief and
gradient and hence erosion hazard, and is concerned primarily with classi-
fying land for mechanised annual cultivation, Where other forms of land use
are envisaged, such as the planting of peremnial tree crops, it is less
important to have nearly flat land and other criteria might be emphasised

instead,

A comparable system of classification geared specifically to
the value of land for irrigation purposes has been used by the UoS..
Bureau of Land Clessification, This classification is designed to be
modified and adapted tc local conditions, but generally divides land
into six classes, Classes 1 t0 4 are for soils suited +te irrigation
agriculture (class 1 land having the least limitations and class 4
lend the most); class 5 is land not at present suitable for irrigation
though capable of becoming so under some circumstances or if improveds

class 6 land is not considered %¢ be irrigable,

The criteria specially emphasised when land is considered for
irrigation are (a) the soil texture, since very heavy, poorly drained
soils and very sandy soils are both unsuitabley the first because water

moves too slowly through them and the second because they store very
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little water and might be excessively permeable; (b) the gradient of
the land, which is important for furrow irrigation but less so for
sprinkler irrigation; and (c¢) the presence, as mentioned above, of
high levels of salts in the soil vhich might increase. and become harme

ful during uses

A map of an area dividing land into irrigation classes might be
useful in assessing the viability or otherwise of an irrigation schemey
but normally the user would want to know more than merely the class of
the land, he would also want to kmow the specific properties which caused
the land to be put into that class, Thus, normally what is needed is
first a general soil map showing the extent and distribution of the
different soils, accompanied by a report describing their physical and
chemical properties, and secondly a map or set of maps (sometimes
prepared as a series of overlays) showing specific oproperties or
classifying land for a specific purposeo, The second is derived from
the first, but is no substitute for the basic map end associated

informatione

The soil problems affecting agricultural development are too
varied to allow for more than very cursory mention in a paper of this
nature., There are problems simply of lack of sufficient kmowledge.

In other cases we know enough about specific areas. to be able to out-
line and define specific problems and limiting factors, These problems
are in many areas.climatic, Problems raised by the soil itself are very
varied indeed: such problems may include physical soil factors, soil
chemical factors (low general fertility and in some cases toxicities)
and the overall difficulty, often not fully appreciated by those without
practical experience, that soils are often very patchy (heterogenous)

and vary over short distances,

Problems Posed by Lack of Knowledge: In many parts of Africa there are

no detailed soil maps available, Very small~scale maps covering large
areas. may not give sufficient information for planning purposes, In
Kenya, for example, regional plans have been drawmn up for all provinces
in which an attempt has. been made to gather together and interpret basic
environmental information in relation to planned developmenty but in
sane cases the soils information is still sketchy and inadequate, For

specific development schemes, further soil investigations and mapping
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are often necessary before the viability or otherwise of the scheme can

he assessed,

In addition 1o local so¢ils information and maps, there &€ more
general aspects of soil secience where the present state of kmowledge is
inadequate and may thus limit development, The impoertant fact is that for
tropical lowland areas in particular we do not Imow to what extent tradi-
tional shifting agriculture, in which a period of cropping is followed by
a period of fallowy, can in practice be replaced by more continuous culti-
vation which reduces or eliminates the fallow period, The technical
problems involved in contimious agriculture in the tropics appear to be
very complex and +o wary very much from place to place., Continunous rice
cultivation and peremnial tree crops (such as coffee, tea, rubber and
oilpalm) form exemples of perennial continuous agriculture, but it is much
more difficult in meny areas to cultivate anmmials year aftsr year, Some of
the s0il problems involved in moving from shifting cultivation to permanent
cropping were outlined by the author recently at the Ibadan conference on
shifting cultivation, =Zxtracts from this paper are included here as
Appendix 2, These extracts include the question of the extent to which
fertiliser applications increase yields in areas of traditional shifting
cultivation, and allow the cropping period to be lengthened and the fallow
periods, which are at present such a prominent feature of much of agri-
culture in fropical Africay, to be shortened or even eliminated altogether,
This Appendix therefore serves as an example of the type and range of
technical problems encountered, and as an example of the ways in which
our present technical knowledge might limit what can be carried out in
the field of agriculture, The spectacular failure of such costly schemes
as the Bast African groundnut scheme (partly because of inadequate prior
knowledge of soil factors) forms a warning as to the dengers involved in
attempting the rapid development of large areas without sufficient prior

technical experience,

Climatig Problemss ™ tropical Africa the main problems associated with
climate, apart from the lack of sufficient, long=termy reliable climatic
data; are the problems associated with low and/or erratic rainfalls, It
is one thing to have a low rainfall, and guite another to have a rainfall
which is erraticy i.es which varies so much from year to year that one

can hardly predict in advance how much rain is going to be received, MNuch
of the research work of E.AoAcFoR.0. (the East African Agriculture and

Forestry Research Organisation) has in recent years been concerned with
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the specific problems of low and erratic rainfalls, as summarised and
commented on by Russell, (7) One important approach has been to apply
statistical methods to work out rainfzll probabilities, In this way it
might be possible to say for example that statistically and area has so
many inches of rain for so many months in four years out of five,

This information has then to be related to the water needs of specific
crops and c¢rop varieties, Here again it was found that lack of knowledge
is often a limiting factor because we kunow surprisingly little about
exactly how much water many crops and crop varieties need at different
stages of their growth, Experiments were initiated to measure water

consumption accurately.

Once the likely rainfall is known (and for many areas it still
is not known with accuracy) then the task is to select or to breed a
crop adapted to that rainfall., If there is no irrigation and the crop
relies entirely on the natural rainfall, then often it might be mneces=
sary {o choose between a crop or variety which gives a safe but relatively
low yield, and one which because 1t needs more water or has a longer
growing period might fail in some years but which will give a higher

yield in those years in which rainfall is adequate.

There is much that will undoubtedly be achieved by crop
selection and breeding to open up areas. of lower rainfall, The soil
and climatic problems affecting development are not static, but
subject to change as man's knowledge increasess what may be technically
impossible today may be quite feasible in the near future., Thus the
development planner has to keep constantly in touch with experts able
to provide up=~to-date guidance as to what is technically possibley
and the mere fact that a scheme or development plan was found impracti-
cable some years ago does not mean that it might not be profitable to
reassess. it afresh now in the light of %technical developments

Unfavourable Soil Characteristicss Apart from the frequent problem of
lack of sufficient knowledge about the soil there are problems posed by

known unfavourable soil characteristics. and properties, Unfavourable
soil properties might for convenience be considered under the general
headings of (i) unfavourable physical propertiess and (ii) unfavourable
chemical properties,; including low. general fertility, soil reaction,
soil salinity and other toxicities, In addition soil patchiness (soil
heterogeneity)9 while rot necessarily unfavourable in the same sensey, is
nevertheless a factor which sometimes makes both experimental work and
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agricultural development more difficult tha¥ it might be if soils were

more uniform, .or uniform over larger areas.

Unfavourable physical soil properties refer to unfavourable

soil texture, structure, porosity, permeability, etc., and also include
excessive stoniness, shallowness and other aspects, Natural soils vary
widely in texture, In many respects the most versatile soils are those
of moderate, intermediate textures, inecluding the various loams, Very
light sandy soils and very heavy clay scils are coften less versatile
i.eo have a more restricted range c¢f agriculibural usesy, but usually
there is some profitable and practicable way of making use of soils of
all textures, IFor irrigation work, however, texture is particularly
important. (see Appendix l,) Very porous sandy soils may be excessively
permeable and store very little mcisture, so that they may be wasteful
of water and need more frequent irrigaticn than sails of heavier
textures, Very heavy soils on the other hand may have very low per—
meabilities and bte relatively difficult to irrigate for that reason,

and may alsc be very sticky when wet and very hard when dry. These
latter properties are aspects of soil consistency., A friable consistency
is generally the most fawvourable for agriculture; where soils are very
sticky when wet but very hard when dry, then special care must be given
to cultivating them (ploughing them, harrowing them, etc,) at the

optimum water contenty l.e, when moist but neither too wet nor too dry,

In general it might be said that unfavourable physical properties
are difficult to correct. satisfactorily and often result in the operating
costs being higher than they would otherwise be, In some cases solls
are excessively shallow, rooting depth being limited by rock, by a layer
of hard pan or ironstone or, for some crops, by the water table, Soil
depth, texture and porosity in turn all influence the soil moisture
characteristicsy including the important question of how much water
the soil can store and make available to the plant. The water storage
capacity of soxls is particularly important where water is a limiting
factors in an area of similar rainfall a soil with a relatively high
water storage capacity might carry a different natural vegetation and
also support a wider range of crops than snother soil in the same area
with a.relatively low water storage capacity- The red soils which
conference participants will have noticed in the Nairobi area, the
Kikuyu friable clays, include among their excellent . physical properties
the fact that they have an unusually high available water storage capacity,

of ten being as high as over twe inches per foot of soil, Conversely a
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particularly low moisture storage capacity would be regarded as an
unfavourable physical soil property which, like most physical soil

properties, might be difficult and/or expensive to correct,

very low. fertility, but the fertility of the soil can generally be
controlled or improved by the use of fertilisers, and most intensive
agriculiure no longer relies on the nagtural fertility of the soil alone
but involves the use to varying degrees: of fertilisers and soil amendments,
Correcting the fertility status of the soil is thus mainily a matter of
cost and economics in relation to the yield obtained and its value, More
troublesome are some other possible unfavourable chemical properties such
as salinities or other toxicities., Saline soils contain sufficient sodium
to harm some plants and limit their growth; alkaline soils are those where
plant growth is affected by excessive concentrations of salts of other
elements, Such soils can usually be reclaimed, but the process may be

too expensive to be economic, Soil salinity is scmething that is looked
at particularly carefully when irrigation is likely, since the unwise use

of irrigation water often results in salinity being increased,

Other possible unfavourable soil chemical properties concern
the minor or trace elements (ocligoelements) such as copper, boron, zinc
and molybdenum. I% is characteristic of most trace elements that the
plant requires only very small amounts. If large amounts are present
in +the soil; then some trace elements are toxic, Thus, trace elements can
limit agricultural develomment either because they are present in tco
small amounts; as for example in parts of Kenya where the soil does not
eontain enough copper, and in parts of Tanzania. where low boron has been
a problem, or because they are present in toc large amounts and thus are
toxic (io.e. poisonous) to plents, Sometimes an otherwise productive soil
has been rendered agriculturally virtually useless by the absence of a
trace element which can be supplied in the very small quantities required
at negligible cost once the deficiency is diagnosed and known, This
happened in the case of scme unused Australian soils which were made
productive simply by adding a pinch or two of molybdenum per acre, but

such spectacular cases of improving soils at very little cost are rare,

Scil patchiness (hetercgeneity) can itself be something of a
problem affecting developmenty particularly if soil characteristics change
markedly over very short distances, Scil workers have sametimes reported

important variations, particularly in soil chemical properties, between
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Samples taken a few centimetres apart. Such patchiness makes analysis
of the scil and also experimental work more difficults it also affects
the utilisation of the land, Planners often prefer areas where the soil

is reascnably uniform over relstively large expanses,

Soil reaction, i.e. the pH {acidity or alkalinity) of the soil,

is au important solil property affecting fertility since most plant

nutrients are generally most easily available to the plant in soils
which are neutral or slightly acid in reaction, Very acid soils and
very alkaline soils usually suffer from specific problems, Reaction

can be corrected and acid soils are ofter limed for this purpose, but
expert advice is needed before doing this, In some cases plants actually
prefer acid or alkaline soils: tea and pineapples, for example, are
generally considered to grow best in acid soils and soils may be deli-=
berately acidified for this reason, Such considerations reinforce the
viewpoint already expressed that often what is a good soil for one crop
is a bad soil for another, and that there is usually some rational way

of using and developing most soils provided that there is enough water,

Spil erosion is sometimes a problem, Many people are,

fortunately, now aware of its dangers and comnscious of the need for
control measures, though here toc expert advice might be needed as to
what has. to be done, Soil erosion measures are now relatively well
understood and it is mainly a question of applying them in +ime and of
using the land in a sensible way. Soil erosion is particularly likely
to be a. problem where the rainfall comes in intense downpours, where
slopes are steep and where the soil is not adequately protected by
vegetation, but the texture and other properties of the soil also affect
erodability. In Kenya legislation was passed enforcing the terracing
of land above a certain degree of slope, In some areas wind erosion
can also be a serious problem, and may be more insidiovs inasmuch as
it may be less spectacular and therefore less easily noticed, at leas®
at first, as compared with the gullies which mgy be caused when water
collects and runs rapidly down a slope, In development planning the
recommended land use will often be breadly influenced by the erosion
hazard, so that only the flatter areas might be used for anmial arable
cropsy, with the steeper ones reserved for permanent pasture or tree

Crops,
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APPENDIX I3 LAND CAPABILITY CILASSIF1CATICNS AND SOILL CLASSIFICATION
FOR IRRIGATED AGRICULTURE

The following notes oa land capability classification and on
the classification of land for irrigation purposes are extracted from
my bocky West Africar Scils, (4)

There have:been many attempts tc classify soils sccording to
their agriculftural ‘capability! end 40 wake the classification simple
enough te be understcod by the layman and by the ordinary farmer, Such
classifications are widely used in the UoS.A., in particular, The
capability assessed is. one which normally refers particularly to the
dominant local type of land use {the U.S, land capability classification,
for example, was constxucted for areas where annual crops and mechanised
agriculture are the ruleQO However, the simplification recessary to
produce a. scheme easily understood by everybedy scmetimes leads to the
classification sgying very little wnich is not rather obvicus and over-
simplifiede Capabilify maps can be useful for planning purposes and
have often drawn attention to the need for erosion control measures,

but they are no substitute for more detailed work on soils,

Because the best known capability classifications were developed
in areas of mechanised axrable agriculfture, they are not always easy to
apply to rather different areas without the danger of being misleading.
The usual methed is %o classify soils according to the severity of
factors held to limit their use: the more severe the limiting factors,
the narrower will be the range for which the socils are suited, Thus a
Class I soil is a soil with very few or no limiting factors and is
therefore the most versatile, but soils of Classes II to VIII suffer from
progressively more severe limitations which narrow down their desirable

and practicable range of use,

The land capability classification of the U.S., Soil Conser=
vation Service, the best known and widest used of the U.S, capability
classifications, places considerable emphasis on the liabilaty of the
land to suffer from accelerated erosiwn if cultivated, It therefore
pays partioular attention tec slope gradients but it also considers
natural scil produstivity where this is a limiting facter, factors
interfering with cultivation (such as stoniness) ard climatic limi-

tations, It should be emphasised that the normal practice is to adapt
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the general class definitions to local conditions prevailing in parti=
cular areas; and that this adaptation makes the classification of more

value in those areas, The eight broad classes are the followings

Clzsses 1 to 4: soil suited to cultivation
Class 1 = no special practices needed
Class 2. = simple conservation methods necessary
Class. 3 = intensive conservation practices necessary
Class. 4 = suited for occasional or limited cultivation
with intensive conservation practices,
Classes 5 to 7Ts soils not suited te cultivation but suitable
for permanent vegetation such as tree crops,
forestry and pasiture

Class 5 = no special restrictions or practices

Class 6 -~ moderate restrictions in use
Class 7 . severe restrictions in use,
Glass, 8 not suitable for cultivation, grazing or

trees, Class 8 land is usually extremely
rough or steep land, or extremely sandy

areas: or extremely wet or arid areas that
may however have some value for wildlife

or recreational purposes,

Soil Classification for Irrigated Agriculture

Soils. are often classified specifically for irrigation agri-
culture; usually according to a system somewhat comparable to the land
capability classifications. outlined above, A. system widely used is that
of the U.S. Bureau of Land Glassification, as outlined in their reclamation
manual, or a modification ozxzit to suit local conditions, This type of
classification often divides land into six classes. Classes 1 to 4
are. all suited to irrigated agriculture, with Class {land having the
least limitations and Class 4 land the most, Class 5 land is that land
which is not considered to be irrigable at present but which could become
s0 under certain circumstances, It is therefore a.'holding’ class in
which land can be classified pending reclassification after the necessary
engineering or other modifications have made it irrigable. Class 6 land

iss that land not considered to be irrigable.

For irrigation agriculture particular attention is given: (a)
to the gradient of the land, for only flat or gently sloping land is

normally considered irrigables (b) to the texture, which is preferably
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a. loam, for very candy and very clay soils are not particularly suited
to irrigation; the first because they store so little water and have
excessive permeability. the second because they are relatively imper-
meable and water moves very slowly through thems and (c) to the presence
of high levels of salts, particularly sodium chloride, which might be

increased to toxic levels during uses

It should be stressed that the definitions of the irrigation
classes are normally suitably modified to suit local conditions. The
following broad definitions of soils in Classes. 1 to 4 may be found

adaptable for general use in West Africa.

Class 1 soils are highly suitable to irrigated agriculture.

They can produce sustained and relatively good yields at

moderate costs They are flat or nearly so and have little erosion
hazard, The soils are deep, of medium to moderately fine texture,
have a structure and porosity allowing easy penetration of roots,
air and water, and combine good drainage with an adequate moisture-—
storage capacity., No farm drainage works are normally necessary.
The soils are free of salt or other toxic substances, or can easily

be. reclaimed,

Class 2 soils are well suited to irrigation agriculture but
somewhat more limited than Class. 1 soils., They may be more
expensive to prepare for irrigation than Class 1: soils, and
be more costly to farm and require more supervision. The
limiting factors may include one or more oi.the follecwing:
shallow depthy; texture which is either too coarse or too
heavy, low moisture-storage capacity or slow permeability
because of heavy texture or subsoil compaction, These soils

mgy require some expenditure on drainage or reclamation workse

Class 3 soils are those with a somewhat restricted suitability

for irrigation agriculture because of more serious limitations

than are present in Class 2 soils., They may require heavier invest-
ment in land preparation, more care during use, heavier levels

of fertilisers and amendments or be restricted by heavy texture

and slow drainage which can be corrected only partially and at
high cost,

Class 4 soils are severely restricted in their irrigation

possibilitiess they may be suited only to special types of
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land use, such as pasture, or require heavy investent in engineering
and drainage works before they can be used, Factors which could

put a soil into this e¢lass include very poor drainage because of
heavy texture and unfavourable low position which subjects: the soil
to periodie flooding or a very high water table,

It will be noted that, as in the land capability -lessification,
soils are placed in groups of det¢reasing suitabili ., for irrigation but
that the particuler factors or combinatiaes of factors resporsible for
the soil being placed in that class are somewhad. veried, Irrigation
sultability maps are very useful for planning purposes and for deciding
whether an irrigation scheme warrants the investment involved, but the
individual user will often want to know exactly why a soil has been placed
in g certain class and not merely what class it is in, He may, for example,
have two soils both placed in Class 3 but for guite different reasons,
and intelligent use of these soils will require knowing more about their
limiting factors than the mere fact that they are classified as Class 3,
As in the case of land capability maps, the irrigation sultability
classification is therefore nc substitute for more detailed work or for
a knowledge of the properties of each soil series concerned. To some
extent the type of limitation involved is indicated by the practice of
adding suffixes to the irrigatiom class. The usuzl suffixes are (SO)where
s0il characteristics are a limiting faetor, (T) for areas limited by
rough topography or too high gradients, (D) where the soils are limited
by poor drainage, (R) where loose rocks cccur within the plough layer
and (C) where a: ¢limatic factor (other than low rainfall) is considered
to limi% the use of the soil for irrigated agriculture.
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APPENDIX I1: SOME TECHNICAL CONSIDERATIONS AFFECTING RESEARCH ON
TMPROVEMENTS AND ALTERNATIVES TO SHIFTING CULIIVATION *

The main criticisms of shifting cultivation concern low yields.
and the generally short period of cropping in relation to fallow, Both
the increasing of yields and the lengthening of the cropping period are
obvious ways of raising overall productivity of the system, and both
of these are influenced by a wide range of factors apart fram soil
factors, Another wey of raising productiviiy concerms the fallow period
which follows the croppings how can the beneficial effects of the fallow
be obtained in a shorter time, or by means other than natural fallows
ory best of ally, be eliminated altogether by a rotafion which keeps the

land constantly productive?

Just as the reasoms for low yields are diverse, so the measures
that need be taken to raise yields are varied and complex, The use of
fertilisers can be effective cnly where scil fertility is the limiting
factor and where the plant is genetically able to respond to an improved
mitrient supply, but meny cther limiting factors, such as poor paysical
soil properties, water shortages, inadequate management in general
(including weeding), poor husbandry methods (including wrong plant
population densities and wrong time of planting}9 poor crop varietiesy
attacks. by pests and diseases and so on, also 1imit yield, sc that
maximum yields can be obtained only when a very wide range of factors

are all favourable,

The General Level of Management and Choice of Husbandry Methods:

According to Russell (7) possibly the most important single
factor responsible for low yields in tropical Africa is wrong time of
planting - usually too late, This. appears to bediic partly to caution,
partly to the fact that at planting time the farmer is simply too busy
to cope with all that has. to be done; Recently, for example, it has
been shown that cotton yields in Uganda fall sericusly if sowing takes

place after the optimum date, (29)

Another widespread factor respansible for low yields is wrong
planting densities, which are often too low, These factors plus menage-
ment . factors; such as timely weeding, could of themselves, if corrected,
probably give more substantial yield increases than ithe use of fertilisers

¥ This Appendix is extracted from Ahng 22,
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particularly if fertilisers are msed without attention to these factors
as. well,

Allan (23) investigated maize yields on small farms in Kenya
with and without good husbandry, and with and without hybrid seed and
fertilisers, He defined good husbandry (GH) as. early planting at the
start of the rains, a density of 36,000 plants per hectare and clean
weeding up to tasselling time, Bad husbandry (BH)} is described as
planting four weeks late with a low population density of only 18,000
per hectare and only one late weeding, These two types of management
were investigated both with local maize without fertiliser (IM, no F)
and with hybrid maize and fertiliser (H + F), Average yields for the

four combinations were as followsg

BH - IM. no F 3 1902 quintals/hectare
BH + H + F : 32,7 no n
GH + I, no F 3 48,8 n n
GH+ H+ F s 80,2 n "

The difference between good husbandry and bad husbandry, both using
local maize without fertilisers, is associated with more than a

doubling of yields and with an increase of 29,6.quintals per hectare.

In contrast, if bad husbandry is used, the use of hybrid maize and
fertilisers gives an increase of only 13,5 quintals per hectare, despite
the extra investment in fertilisers, In circumstances. examined by Allan
therefore, correct time of planting, correct planting densities. and
better weeding together gave a much larger yield increase than did the
use of hybrid maize and fertilisers without these improved husbandry
practices, The yield increase associated with good husbandry as.compared
with bad husbandry was. even greater when hybrid seed and fertilisers
were used, The results also indicate that the use of fertilisers in this
case was not very profitable unless accompanied by improved management

t00,

It will be noted that hybrid maize and fertilisers were tested
together,not separately, In many situations, the local variety is well
adapted to local conditions and resistant to local maladies, but is
unresponsive to Ffertiliser application. In such cases it is little
use applying fertiliser unless the crop variety is also improved, and

little use planting 'a variety cf higher potential yield unless the
soil can meet the correspondingly higher demand for nutrients, though
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F,A.0, fertiliser trials: and demonstrations appear to indicate widespread

fertiliser responses even where local varieties are used, (34 and 7)

In areas of low and/or erratic rainfall, much depends not only on
selecting a suitable crop variety but on making sure that as:much as
possible of the rainfall gets into the soil and is then used by the crop.

Increasing the effective rainfall includes measures designed to
keep the soil open and to reduce and slow down runoff, These measures
include the use of mulches, contour ridging, basin listing and other
measures which have been successfully demonstrated both in West Africa
(37) and in Bast Africa (38), though not widly used as yeto

The Extent to which Fertiliser Applications: Increase: Yields: and
Prolong Cropping

A very considerable amount of informafion is now available on
fertiliser responses in those areas. of the world where shifting culti-
vation is widespread, In considering this information it is helpful
to relate responses to the agricultural/ecological zone in which they
occury to see to what extent they form a consistent pattern related to
the zone, It is also useful to distinguish between the evidence of
fertiliser trials. on experimental stations and the generally largexr
body of information relating to results on farmers®! farms, such as
those. obtained in the numerous and widespread trials and demonstrations
carried out by F.A.O.

In the final analysis; increased use of fertilisers depends
not on whether or not they give an increase in yield but whether that
yield increase is profitaeble, BRussell (41) has pointed out that in
most tropical areas fertilisers are more expensive than they are in
the developed countries, while. the crop produced is sold relatively
cheaply, so that "much higher crop responses per unit. of fertilizer
nutrient are normally needed in the tropics if fertilizers: are to be
profitable", However, in a number of countries where shifting culti=

vation is practiced, governments now make fertilisers available at
subsidised prices,

A number of authors have pointed out that in Africa broad
differences exist between fertiliser responses in forest and in
Savanna areas, (429 21, 44)' R N FORUIGS S KIS 7< % A A In savanna
areas. responses to nitrogen are very frequent and responses to phosphate
frequent, but responses tn potassium . have been relatively uncommon even

on soils waich appear on analysis to be low in potassium. In forest
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areas. the position issomewhat different, since responses 1o phosphorus
and potassium are relatively frequent, but responses to nitrogen do not
generally occur except in long cultivated soils low in organic matter,
Responses to individual nutrients are now considered in more detail,

together with some examples of related topics. requiring further research,

Nitrogen Responses. and Green Manurings Nitrogen responses are closely

related to organic matter contents and are:%e & considerable degree  pre-
dictable for this reasom., They are frequent in savanna sreas. because
these areas are generally low in humus, and there is also evidence that
some natural grass fallows inhibit nitrification in the first year after
clearing, In forest areas. organic matter levels are often higher than
in savanna areas and responses are less frequent except after several
years of cultivation and on degraded soils, In a Tecent paper Ofori (43)
for example, states that ni%rogen failed to produce a respomse with
cassava or maize when forest soils at Kumasi, Ghana were continuously
hoe cultivated for nineteen years, Research has paid attention tos

Seasonal changes and flushes in nitrate production under

natural conditionsg

The type of fertiliser most appropriate including the acidifying

effects. of sulphate of ammonia; and

Symbiotic and non=symbiotic nitrogen fixation and the role of

legumes. in tropical agriculture,

Bartholomew. (6) has summarised current lmowledge of nitrogen in
the humid tropics.and has pointed out that relatively low yieldsy, such
as. 600 = 1200 Kg/ha of maize, do not remove more than about 15 Kg/ha.of
nitrogen in the harvested grain, He believes. that, taking into account
the natural nitrogen supply, only small amounts of fertiliser mgy be
necessary for long periods, Nevertheless, he considers that available
nitrogen may be the chief limiting factor to higher yields in many
important food-producing areas. of the *tropics, and, in order to achieve
these higher yields more fertiliser nitrogen and/or the use of legumes

will be necessary,

Russell (44) considers that sulphate of ammonia is suited to the
tropics. inasmch ~as the nitrogen is held against. leaching by the
ammonium action and that the S contained is often beneficial, but
nevertheless, because of the acidifying effects he makes "a strong
plea that sulphate of ammonia should no longer be used as a standard
nitrogen fertilizer ..., except for the tea crop". Applied research
on shifting cultivation improvement should therefore include consider=

ation of other forms of nitrogen fertiliser such as the calcium ammonium
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nitrate now fairly standard in Kenya: for arable crops.

Nitrogen fixation is mainly by symbioti¢ bacteriay, and these are.
associated with a fair number of plants. other than members of the legumi-..
nosae(40) but it is important te remember that bacteria f£ix nitrogen only
when other sources of supply are: inadequate: nitrogen in the soil solution
inhibits fixation, and adding  nitrogen fertilisers may have this inhibitory
effect even though nodules may form, (6)

A promising field of research in the tropies concerns. blue=green
algae, for although they are thought of mainly in connection with their
nitrogen~fixing role in swamp rice cultivation they can tolerate a wide
range of moisture conditions: and can live in moist or even dry soils,
They can obtain all their needs from air, water and mineral salts and
can therefore colonise areas which other micro-organisms needing organic

residues cannote

Considerably more applied research is. required on the use of
legumes in areas of shifting cultivation, either mixed with other crops,
as. a rotation crop or as:-a form of fallow, During the growing period
very little nitrogen escapes fram the legumes to become awvailable: to
associated cropss the N, becomes available when the plant dies and
decomposesy and it is this that accounts for the increase in available
N when leguminuous green manures are turned into the soil, However,
the effect of the added N may be equivalent to only modest amounts of
fertiliser nitrogeny; so that the economics of green manuring need to

be examined carefully,

Because of the mobility of nitrate nitrogen, leaching losses
can be severe in high rainfall areas, The pattern of water movement in
a:s50il may need to be studied in relation to the movement of nitrogen
dowmn to soil lgyers beyond the reach of the crop, Research on this topic
is needed to formulate efficient N-fertiliser practices,

Although total nitrogen in the soil is simple to measure,
tests for available nitrogen (NH 4 and NOB) are made more difficult by
the fact that these ions are present in the soil in small and fluctuating
quantities, Seasonal variations in available nitxpgen have been studied
by Greenland (30) Birch (24 and 25) and others,

Greenland (31) has pointed out that the reason why nitrogen
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tends to increase under natural grasslands is that the labile nitrate ion
occurs only in very small amounts under such conditionsy so that losses
are kept very small and even modest additions of nitrogen to the soil=
plant system result in a net increase, He also refers to recent methods
which would assist with the detailed quantitative analysis of the nitrogen
cycle under different management practices, mentioning the acetylene=ethylene
method for measuring nitrogen fixation (33) and sensitive methods of gas
chromatogrdphy to determine losses of nitrogen gas from the soil, (27 and
28)

Phosphorus Responses and Research on Phosphoruss Possibly more attention

has been given to phosphorus in tropical soils than to any other nutrient,
This attention reflects both the belief that phosphorus is frequently a major
limiting factor and the relative complexity of the problems associated with
the uptake of phosphorus from the soil, including phosphate fixation. Some
aspects of current knowledge regarding phosphorus in soils of the humid
tropics have recently been summarised by Olson and Engelstad. (6)

Phosphorus responses have been widespread, both in tropical forest
and tropical savanna areasy and appear to be related to the intrinsic
gualities of the soil, particularly to its phosphate fixing capacity.

In the F.A.0, Freedom From Hunger fertiliser programme some response to
applied phosphate was reported for slightly over 90 per cent of the very
numerous trials reported (F.FoH.C. Fertilizer Programme, 1968)9 responses:
being particularly large for tubers (including yams) and vegetable cropse
The following figures give average yield increases in trials in West
Africa and South Americag

West Africas Maize (794 trials) 173 Kg/ha
Yams. (377 trials) 895 Kg/ha
Northern South Americas Maize (196 trials) 401 Kg/ha

Potato ( 53 trials) 2,762 Kg/ha

Phosphorus is relatively immobile in the soily, so that the
root has to grow to the applied phosphates This fact, and the well
known ability of a range of tropical soils to fix applied phosphate
in various ways (usually as aluminium and iron phosphate in the acid
soils and calcium phosphates in alkaline ones) have contributed to the
fairly low availability of applied phosphate fertilisers and suggest
the need for increased fundsmental =2nd applied research on increasing the
efficiency of phosphate fertilisers. Toples requiring further investi-
gation include:

= the effects of granulation of phosphatic fertilisers in
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reducing fixgtion and prolonging availability
v
= the possible effects of coating fertiliser gramles to
reduce fixation

= the use of local rock phosphate supplies on acid soils

-~ the use of a little lime on very acid soils (below pH 5.0)
with high exchangeable aluminium

= special problems of soils with particularly high phosphorus
fixation capacities (usually soils high in amorphous hydrated
oxides of iron and aluminium)

= further investigations on methods of application, including
depth of placement in different crops and soils and rates of
application

= further investigation on the feasibility of predicting P
responses by means of direct soil analysis and correlations
both between different methods and between results and sub-
sequent responses

= problems of seastmnal variations (especially between wet and
dry seasons) in test results

= the practical role of other diagnostic methods such as leaf
analysis

= the use of added silicate to reduce fixation in soils with
high iron and aluminium but low aidison

= possible harmful effects of P applications; e.g. depressing
zinc, manganese or copper availability, especially in soils
with a high pH

- assessing and improving the residual effects of phosphatic
fertilisers,

Potassiums Potassium, in areas of shifting cultivation, is

much less frequently a limiting factor than is nitrogen and phosphorus,
In some cases this is because the soil parent material contains adequate
potassium (as in parent materials containing potassium feldspar and the
micas), or because potassium release fram humus mineralisation is adequates
In many cases, such as soils of the West African savanna areas, both total
and available K appears low when measured in the laboratory, and yet crops
show little or no response to potassium fertilisers, This:has. been
explained as being due to the fac} that the crops. involved are generally
grasses: (maize, sorghum, millet) which are relatively efficient extractors
of potassium, and also to the fact that savanna soils which are. sandy and
low in organic matter have relatively low action exchange capacities, A
low: action exchange capacity means that even a.small amount of exchangeable
potassium can give a satisfactory potassium saturation percentage (exchange-
able K/CHC), so that. the small amount is nevertheless fairly easily
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available to the plant, Mcre recent work, however, including trails with
yields at higher levels, has shown increasing aumbers of examples of responses

to potassivm fertilisers in the savanna areas,

In the forest areas potassium responses are more frequent than
in savanna areas, particularly with bulky starch-containing crops such as
cassavay, while K responses of coconut palms growing on sandy littorals
have sometimes been particularly specvacular, Further research is required
on potassium leaching losses (particularly the role of phosphate, sulphate
and chloride anions in facilitating the removal of K and other cations),
and on the release of non-exchangeable forms of potassivm in the soil +to
replace. the removal of the more readily available formss Further
work on determining readily available and slowly available forms of K in
the soil in relation to CBC and other factors. affecting upteke should make
it.easier to identify in the laborateory those scils deficient in this
element, A useful summary of existing knowledge of potassium in soils
of the humid $ropics has recently been made by Boyer (6) who examines
the various minimum levels of exXchangeable potassium required by various.
crops as. reported from different parts of the tropies, He divides crops
into three groups. according to whether their minimum exchangeable K
requirement appears to be about 10 m.e. per 100 g, or less. than this
or more, He also examines exchangeable potassium needs in relation
to total exchangeable bases (K should be at least about 2 per cent)
and reviews work on various potassium "fertility scales", Boyer also
discusses the important question of equilibrisg with other cations,
particularly K/Mg;and K/Ca ratios, and possible interactions between
potassium and nitrogen, phosphorus and iron., This valuable summary
of present knowledge indicates c¢learly that further work is needed on
these topics, as well as. on the probliems of potassium leaching (referred
to recently by Wild, 46), the problem of potassium fixation in certain
soils and climates, and the fact that the commonly used potassium
fertiliser (KC1) sometimes has a. depressive action or lowers the

quality of some crops.

Sulphyrs Sulphur deficiencies are now known to be fairly widespread
in some areas of shifting cultivation, particularly in savanna areas,

This may be because the sulphur is lost during the annual burning.

The sulphur i soils is mostly organic, and closely tied to

organic nitrogen., In wet areas sulphur mgy be lost by leaching.
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Sulphur responses have been reported from Brazil (39), the
Punjab of India (36), in Bast Africa (44) end in West Africa (41, 32 end 26),
In many other areas deficiencies have probably been unwittingly made
good by sulphur-containing fertilisers such as. sulphate of ammonia and
single supersphosphate., In Senegal, Tourte et alia (45) reported an
average sulphurléaching loss. from lysime studies. of 10 Kg/ha, Olson and
Engelstad (6) suggest. that the required rate of S application could in
some cases be as.high as 20 Kg/ha and and state that provided that sulphur
applications are not allowed to lower soil pH to levels which would
result in excessive S and Mn plant uptake, moderate sulphur applications.
to non-acid soils in particular can be expected to have a beneficial
effect on the availability of a.wide range of nutrients,

Calcium, Magnesium and Idimings High soil acidity was formerly believed

to be due to a high degree of hydrogen saturation of the exchange complex,
but it is now known +that in soils with a pH of 5,0 or less. the predominant
eation is exchangeable aluminium, This.is due to. the hydrolysis of
aluminium and the production of hydrogen ions., Kemprath (6) has: recently
summarised current thinking on these topics and has discussed responses

to liming based on neutralisation of exchangeable aluminium, This approach
calls for the addition of lime, in relatively small amounts, only to very
acid soils., ILiming of moderately adid soils has met with very wvaried
results so fary, and is not likely to prove of widespread use, Some of

the harmful effects of liming are related to the fact that all the trace
elements except molybdenum are more available in acid soils; than in

neutral and alkaline soils, so that liming msy induce trace element
deficiencies,

One: of the beneficial effects of adding lime to very acids:
soils high in exchangeable aluminium is that their phosphorus fixation
capadity maytbeclowered.

Considerable further research is required on the importance of
soil: pH in the tropics, and on useful ways of measuring it., Research
on liming rates should probably be based on determining amounts needed
to neutralise only the exchangeable aluminium, Frequency of application

will depend on leaching rates, and field studies are needed to ascertain
these,

The main effects of low calcium and magnesium in soils are
indirecty; i.e, on soil pH, but in a few cases direct shortages of these
elements have been reported.
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Micronutrients Under shifting c.itivation, with adequate fallows, it

was generally thought that micronutrient deficiendes are unimportant.
Recently, far more cases: of trace element deficiencies have been reported.
This'-is partly because increased yields put greater strains on micro-
nutrients in the soil and show up deficiencies which were not apparent
with less intensive agriculture, and partly because more research has been
carried out on these topics, Current knowledge of micromutrients in the
humid tropics has recently been summarised by Drosdoff (6) who states

that in Africa deficiencies of molybdenum, zinc. and boron appear to be
the most prevalent, but copper, manganese and iron deficiencies have
occasionally been identified, Deficiencies reported in Mhlaysia are
mostly of zinc and boron, while in the Campo Cerrado area of Brazil,

where the highly weathered and leached soils_are developed over very old
sediments, dramatic responses have been obtained to trace element appli-

cations, particularly to zinc, boron and molybdenum.

It appears very likely that more research on trace elements
will reveal further examples of deficiencies, These are generally
least likely on youngery, more fertile soils well supplied with organic
matter, and most likely to occur in highly weathered or sandy soils,

developed from old sediments, which are also low in humus,

Silicon: Silicon is-not an essential plant elementy; but in many highly
weathered tropical soils soluble silica may be relatively low and there

is increasing evidence that added silicate can increase yields of certain
grasses, particularly rice and sugarcane. In Japan large quantities are
applied anmially to the rice crop, In a review of recent work on this
subject D'Hoore and Coulter (6) refer to reported responses of sorghum

in Mauritius and millet in Rhodesia and conclude that there is considerable
scope for research into the role and need for silica in tropical agri-
culture.,

Fertiliser Responses_in the Absence of other Improved Practices: The:

extent to which fertiliser applications alone can ~-x incre&ise yields
on farmers’ plots has been the subject of considerable discussion and
sometimes. disagreement. Those concerned with the recent widespread
P;A,0, fertiliser trials in Africa have on occasion written enthusiasti-
cally of the very high proportion of cases in which responses have been
obtained, Thus Hamck (34) states that:-

The results obtained up u:» to now from several thousands of

fertilizer trials indicate: after the effect of the fallow
on the plant nutrient content of the soil has goney it is
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possible and economic to increase by relatively small
quantities. of fertilizers, not only the immediate yields
but alsoy gradually the fertilizer level of the soil
Fertilizers can become the main factor for the intensifi-
cation of the cropping period and eventually for a camplete
abolishment of the shifting cultivation.

Richardson (in Russell, - 44 ) wrote:

Fertilizers used alone can be far more widely effective

on the farms of traditional small farmers than had

formerly been thought o.... For this reason we in F,A.0,

regard fertilizers as "The spearhead of agricultural

development" o

Richardson went on to state that of 8,746 demonstratlons and
2,250 ¢riale in West Africa, all of them "showed positive responses"
and of these 85 and 99 per cent respectively showed "positive economic
returns to at least one treatment", Further details are given in

Richardson, (7)

In contrast.to this, and in direct reply to Richardson's views,
Russell (44) quoting data supplied by Nye (some of it published in 20)
stated that in Ghana alone nearly 1,200 trials were made before 1960
on peasant farms, nearly all with a.3 X 3 N and P unreplicated factorial
design. Responses ranged from 4 to 42 per cent of mean yield, but many
sites gave negative responses and Nye considered that the responses were.
profitable on considerably less. than the 85 per cent of cases reported
for the F.A.O. trials,

The FeA.Oe. trials have undoubtedly amassed a considerable amount
of data, and further work on these. lines: should possibly be concerned with
relating trial and demonstration results to soils and climates and analysing

results. in more detail than has been possible so far,
Research on Contimuous.Cultivation

Shifting cultivation is concerned mainly with arable food crops,
Alternatives to shifting cultivation include systems of arable cropping
which are more permanent, including long-term rotations, and also the
greater use of permanent irrigated agriculture (particularly swamp rice)

and of. tree. crops,

In an integrated landscape using different parts of a soil eatena
in different ways one can envisage permanent rice or bananas in valley

bottoms, permanent tree crops on the more sloping ground, and arable.
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agriculture confined to areas. of geuule gradient. A broader viewy, coOh=
sidering the various ecological zones of West. Africa as an example , would
perhaps. emphasise that the very wet rain forest areas are generally not as
well suited to arable crops as they are to tree crops such as oilpalm
and rubber, so that rational land-use. here would include tree. crops: on
uplands and permanent rice or bananas: in valley bottomss, In the less wet
areas of the semi-deciduocus forest zone a much greater range of crops,
incl -Aing cocoa, can be grown but there is still a strong case of preferring
tree crops to amnuals on the slopes, In the savanna areas where gradients
are usually more gentle than in forest areas, there appears to be more
possibility of introducing mechandisedarable agriculture involving appro-

priate rotations,

Two alternatives to shifting cultivation thus already exists
these are swamp rice and other irrigated crops and permanent or semiw
permanent +tree crops, The third alternative, continuous arable cropping,
or continuous cropping brcken by grass,legumes,leys or planted fallows,
is not yet a well tried workable alternative in most areas where shifting---
cultivation is practised, and the great variety of soils end climates in
which shifting cultivation is found implies a large number of different

local solutions to the problems raised,

Considerable experimental evidence is now. available on long
term rotation of crops and on the effects of leys, green manures and other
ways of maintaining productivity, The initial emphasis.in the savanna
areas of Africa was on the use of farmyard manure or composts The best
known experiments, at Kano in Nigeria and at Serere in Uganda (Russell,
44), both relied on impractically heavy applications of FYM, but even with
these applications yields at Kano fell off, Heathcote (35) concluded that
organic manures applied over a period of years at Samaru, Northern Nigeria
were effective because they corrected soil acidity and incipient potassium
deficiency and provided trace elements, but claimed that "no evidence has
yet been found to suggest that the addition of organic matter as such is
of value"., Farmyard mamre has often been thought to have longer lasting
effects than green mamiring, Although green manuring and the introduction
of grass/legume leys have proved valuable in some areas such as Zambia,
it appears that it is mainly in relatively cool parts of the tropics that
their effect is sufficiently long lasting to be worthwhile, In the low-

land tropics the additional organic matter supplied by green manuring
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is:mineralised in a season or two, ...d the beneficial effects on the
succeeding crop may correspond merely to those obtained by a small fer-
tiliser application, All work on green manuring and the effects of leys
designed to raise organic matter levels must be critically interpreted

in relation to the elimate, particularly temperature, and to the original
organic matter level, as discussed by Nye and Greenland, (42) As suggested
above, research alsoc needs to tackle realistically the question of main-

taining yields even with relatively low organic matter contents,

Although there is clearly increasing evidence of our ability
to raise yields and to prolong c¢ropping periods, it nevertheless remains
true that in many areas where shifting cultivation is practised; parti-
cularly in the lowland fropics, there is as.yet no economic system of
contimious arable cultivation which has proved workable, Current work,
some of it referred to in this paper, is undoubtedly bridging the gap
between intermittent and continucus cultivation but a very great deal of
fundamental and applied research remains to be done to close this gap in

the way it has been closed in temperate regions,
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1970,
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AGRICULTURE AND WATER PROBLEMSs THE CASE OF THE VOLTA LAKE
By
Ietitia B, Obeng, Director, Fresh Water Biology Research
Volta Project, Ghana

INTRODUCTION: WATER RESOURCES

In comparison with other continents; Africa has varied natural
resources. There are luxuriant siretches of green; rare animals and precious
minerals, but the distribution of these cver the eleven million square mile area
of the continent is painfully unevern and we find sharp contrasts in the avail=
ability, quantity and quality of essential resources crucial for develop-
ment projects. This unfortunate state of affairs underlies most of the problems
of developing Africa. And it is slso particularly true of the distribution of

water resources in Africac

There are large African river systems: the Congo, Zambesi, Niger,
Volta, Senegal, Webbe Shibeli, Jubs and others have high flow rates., They all
flow south of the huge Sahara deserty; 3,500,000 million square miles, over a
quarter of the size of the continent, which in common with other semi-arid areas
has virtually no surface water resource. The mighty Nile rises in East Africa
but flows north into the Mediterranean. These major African rivers alone
constitute about 3 million miles of water. In addition there are also about
3,750,000 sguare miles of lakes and cther land=bound water in the eastern

section of the continent.

In the semi-arid west, Lake Chad precaricusly holds its own. But
water resources appear nowhere to be near enough in quantity. Oddly, the pattern

of water distribution somehow seems 1o assure abundant water where it can least
ve effectively used and very little where it is most needed so that it appears

that parts of the continent are constantly short of waters

In the arid and semi-arid areas south of the Sahara, regular and
adequate water supply is of vital importance especially for agricultural
practices., Rainfall in these regions can be heavy dbut also of short duration
so that its overall usefulness, in ferms of annual rain hours,is ineffective
for soil saturation. This is made worse where run-~off is rapid after rain.
Where normal rainfallreaches an annual mean of 20 inches the water problem

mainly centres around requirements for domestic use and for watering stocke

In colonial Africa some attenticn was given to the problem of
domestic water supply. The principal approach was the development of wells

and bore holes. In some colonies considerable sums were sunk into this.
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There are instances where a good peart of the financial provision made for water
supply went into making bore holes which were dug at £1.,10 a foot. But there

were also earth dams; as well as wellse

In some areas; nomad stock breeders on their own initiative excavated
tanks, some up to 300 ft., by 70 ft. in dimension. They built water holes up

to 60 ft., deep. All over East Africa during this period, many bore holes,
dams and wells were constructed. The picture was pretty much the same in
West Africa where rural water development schemes were initiated in Nigeria,
Gold Ccast and PFrench West Africa. Particularly in areas of poor rainfall the

schemes were most welccmeo

With time however,; dam construction has come to be a major form of
water supply for domestic, industrial and agricultural use., Almost all the major
African river systems have dams on them or on their principal tributariess
In addition to these, there are many more of varying sizes scattered all

over the continent.

Large dams have been constructed for multi-purpose uses Their sheer
size commands attention. At the same time, they have magnified the problems
which normally accompany small dams. As they have brought benefits or misery,

so0 they have been hailed-or condemned.

In the following, I recount the story of the Volta Lake, currently
the largest single artificial lake anywhere in the world which for almost

ten years now has provided ample opportunity for a case study of large damse.

THE VOLTA LAKE

The Volta Lake covers almost 4 per cent of the total land surface
of Ghana and the inundation displaced 70,000 people from their homes. As
a complex development project it has provided a rare and useful.. opportunity
for studying ecological changes which accompany lake creation and assessing

the benefits as well as adverse impacts which are caused.

The Volta story is complex and it began long ago. In very early
colonial Gold Coast, slave traders and smugglers could navigate the Veclta
from the Atlantic up to Ada. In the years which followed there was an
assortment of activities on the river directed very often towards a north—
ward movement with a view to subjugating the rebellious Ashanti. But navi-
gation had been "difficult and had not proceeded beyond Kete Krachie where

there were formidable cataracts",
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Steamships travelled up to Ada and a prosperous trade flourished.
Yet it was not until 1895 what Joseph Chamberlain, then Colonial Secretary,
authorised an investigatiecn into the siting of harbours on the coast that the
Volta was seriously surveyed as a route to link the north and the south.
Commander Des Pagen Jones,RoNo; who had had previous experience with the
Niger and other rivers, investigated the river and proposed overland
monorails. for the.impassable rapids. 4 total cost of £50,000 was estimated
for a.project to open trade between the north and the south along.the Volta
River, This seemed uneconomical and London abandoned the projecte. Thereafter,
there were a number of bold attempts to travel the Volta. They include a

hair-raising account of the adventures of the dauntless Miss Mary Gaunt.

But it was Albert Kitson, the head of the Geological Survey Department
who after reporting on deposits of bauxite later in 1915 decribed the narrow
gorge at Ajena as an ideal place for a dame He estimated that 2.5 miles down-—
stream where the gorge measured 200 yards wide and 60-90 ft. deep and the
volume of water was 1,634 cuo. ft. sece., by raising the water height through
the construction of a 100 ft. dam it would be possible to generate 180,000
horse power or 134 kilowatts of electricity. There would be ample power to
process bauxite deposits o:i some 4 million tons from the Xwahu plateau. A4
complex project which involved rails for moving the bauxite as well as a

smelter was considered.

Years later in 1924, Kitson prepared a proposal for a Volta hydro-
electric scheme with a dam near Akosombo. He also recommended another

dam to be built on the Black Volta at Buis The project received varying
degrees of attention during the following years. Duncan Rose made further

technical studiese.

In 1946, a Volta River Project Preparatory Commission was formed
and a thorough study was made of the proposal. The plan for the multi-
purpose project involved the erection of a dam and creation of a large
lake for the generation of power, the building of an aluminium smelter
and a new bownship of Tema as well as the construction of railways and

ports for the bauxite,

The Preparatory Committee studied the intended project from other
relevant angles also. The human problemy involving some 70,000 displaced
people, their resettlement and compensation, was investigated. The up=-
stream and downstream effects of the damming and the strain on economic
practices were studied. They investigated various public health problems

which then existed and drew attention to the effect of the project on thems
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The underlying principle ¢ the project was straightforward. There
would be a dam built across the Volta River, From the acoumulated water,
hydroelectric power would be drawn. The power was needed for normal develop—
ment projects in the country,but primarily. much of the power would be

used to extract aluminium.

Railroads were needed for transportation of the bauxite to the
smeltery the port of Tema was important for a link with the outside woridj
but the income from the production of aluminium was to compensate for the huge

expense involved in the projectos

The power project was estimated at £68 million. This would pay
for the crescent rock-fill clg;—core dam spanning 1,400 yards and up to

276 ft. in height} the preliminary swvey .o: the work, iuciuwed wciial
surveys, roads, housing at construction site, compensations, re¢.:ttlement,
health maintenance, switch~gear and transmission lines. Half the amount
was to be lent by the U.S.A.; the World Bank,; and the U.K. on a long

term basis. Ghana had to find the rests

The construction of the smelter and lines was estimated at a total
expenditure of about £91,190,000. For the railways, £18 million provision

was made. An investment of up to £8,500,000 was estimated for fisheries,
navigation and agriculture and the building of Tema township. The
Volta River Project was an expensive investment. But it was well studied

and plannedy and economically it was feasible and sound.

In 1964, the dam across the Volta River was completed. Inundation
began and the lake started forming. It was estimated to cover 3,295
square miles, almost a fortieth of the total surface of Ghana. Until now
Volta Lake stands as the largest single artificial lake anywhere in the world.
It is 250 miles long and contains 120 million acre feet of water. It has

a shoreline of over 4,000 miles and a maximum depth of 276 fte

Upstream Effects of the Dam

The New Lake: The Volta River overflowed its banks for several miles and took
on a completely different shape. Across its longest river iributary it was

almost twenty miles wide. The streamlined Volta River which previously
meandered majestically across the gentle Afram plains became a grotesque

highly dentritic figure which has totally altered the landscape of Ghanae

In addition to the gross change in the physical character of the
river, the new watery medium acquires additional limnochemical and physical

characters which are different from those of the original river. This is
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initially due to an interaction between the water and the soilqbut at a
later time. biological factors in the flooded terrain also contribute to
the change. The incoming waters bring much suspended matter which to-
gether with the action of the moving water eats into the soil. This

releases various forms of sediments and increases the furbidity.

Observations made on the hydrogen ion (pH) content of water from
all parts of the country have shown values to be around normal. In the
forest region some sheltered rivers have waters with pH values of less
than 7. On the Volta Lake, the surface pH values have been of a range
of 6 to 8. There is a definite downward gradient which decreases with
depth making deeper waters slightly more acidic. Other chemicel factors,
including oxygen sa:l:urad:ion,,,CO29 total alkalinity, ammonical N2, PO4 ’
80,77 617y Fett, catt, wg™, wo,*, wo,, wa', X"y Mn™" and $i0,, show

varying forms of gradation with depth but no particular pattern has emerged

for someo

The concentration of carbon dioxide, for instance; increases with
depth. This is to be expected since photosynthetic activities which would
use removable CO2 take place mostly in the upper better lighted layers.
Concentrations of ammonia, hydrogen sulphide; total iron,; manganese and
phosphates also increase downwardse. Iron is hardly detected in surface
samples . although high quantities are recorded from deeper layers. Laterite
is a good source of iron and the brown flood waters bring in ferric ions
which increase the iron deposited in the deeper waters. In the early days
of the formation of the lake, iron hydroxide was often deposited in the
pipes of the cooling system of the power generating machines. The water

was drawn from the deep layerse

The dam slowed down the water movement and this had an effect on
the fauna. The Volta River previously had been a fast flowing river with

rocky outcrops over which the water tumbled and fishes and invertebrate
fauna which were adapted for life in such conditions thrived. Some of
these perished as the physical conditions altered with the flooding; others
were favoured by the increase in volume of wabter and the release of large
quantities of nutrients. Algal blooms, particularly of Microcystis, were

common in these early dayse.

Records were made of the invertebrate fauna from 1965 to 1966 and
subsequently during the initial stages of the formation of the lakee.

Later collections have shown an increase in the variety of the species
of inverte'rates now present. MNost of these, especially the chironomid

larvae and the nymphs of the mayfly, form food for fish. The guiet shores
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Previously the maximum caich estimate had been only 10,000 metric
tons a year. In 1971 the estimate was about 42,000 metric tons. Fishing
activity.attracted people and increased the number of inhabitants around
the lake. Previously only about 2,000 fished on the river and this increased
until by 1969 there were about 20,000 and they used over 12,000
canoese. The increase in size of the lake has made the boats and gear

previously used inadequates They are being improved.

Under some conditions, it may be considered desirable to intro-
duce new fish species into a river basin. The Wile perch has already
invaded many watercourses in Africa. However, with the larger artificial
lakes, introduction of exotic species may not be necessary. The increase
in water volume and the enhancement of the nutrient regime trigger off

appropriate mechanisms for the indigenous fish to flourish.

For successful fisheriesy it is necessary to have a supporting
long—term research programme. It is essential that such a research

project be broad-based and multi-disciplinary. Such investigations have
been carried out by the Institute of.Aquatic Biology on the Volta to

extract maximum benefit from the dame

Erosion and Sedimentation as Problems< When rivers are slowed down active

erosion is greatly reduced. But at the same time, the beds accumulate the
sediment and matter which.would have flowed out of the basin with the river
water. With time, sedimentation and silting interfere with the storage

capacity of reservoirs, but the overall effect depends on the characteristics

of the particular dam. Sediments affect the chemical and physical quality

of .reservoir water., Additionally, since they may store chemical salts including
pPhosphates, sediments also affect biological productivity. It is still

early for this effect to be assessed on the Volta. However it is a fact

that turbidity tends to be higher during the rainy season and more

intense north of Kpandu. Any sedimentation that is going on must be more

active northwards.

Effect of Dams on Seismic Activity: Large impoundments do increase earthguake

activity within basins mainly because of the pressure they cause on the earth's
cruste This activity is usually agravated by structural faults in the geological
formation of the basin. After inundation, seismic. activity apparently

gradually increases to a maximum and then declines,

The Volta dam actually lies in a zone of earthquake activity. And
indeed, there have been a numbe. of tremors since 1964. Across the Volta

lake range, intensities of strength from IV to VI on the Modified Mercalli
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Scale have been recorded. Using tiie seismic history of Ghana which goes
back to 1862 when there was a disastrous earthquake, anti-seismic measures
were taken during the designing and construction of the dame. The

choice of a rockfill dam was one of the considerations. Fortunately, the

topography in the lake area also ensures some measure of stability.

A set of WoWoSoS. instrumentation including short and long period
seismometers have been installed 35 miles south—west of the dame.
Although one set by itself cannot confirm whether shock waves recorded
originate from the lake or neighbouring epicentres, some useful information

may be collected.

There was a tremor of 5 in 1964 after the lake began to fill., Tt
was believed at the time that the epicentre was about 30 miles south-
west from the dame. There was another one in February 1969. The most
recent was on the May 1241973. This was monitored, and indications were
that the shock wave started in the region of the dams On Kariba, there
was a major shock wave only five weeks after the water reached its

maximum level,

Water Seepage and Ground Water Level: Because of the properties of water,

one would expect the large amount which collects behind a dam to affect the
basin which contains it. Particularly, where the dam is exceedingly high,
the type of rock and its water tightness decide to a large extent whether
there will be seepage downstream. Where the water level changes along the
banks, it has a good effect on bank and forest growth.

For ground water level, where measurements are made through bore
holes, it requires a period of time for results to come throughe Only
a little information is available on the ground water regime associated
with large dams in Africa. In Ghana a series of bore holes have been

dug for measuring the effect of the Volta Lake,

Results which have been obtained by the hydrologist for the Accra
plains south of the dam show very little change for the period during which
the holes have been operational. Between September 1972 and May 1973, the
minimum and maximum readings have been 8.29m and 8.50m respectively.. The
higher value may have been affected by a previous rain. He records the
rocks in the area to be phyllites and quartzites which are normally not water
bearing.
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Downstream Effects of Dams

In general,; downstream effects of dams are not uniform. They tend
to depend on the size as well as the location of the dam. In a temperate
zone, a dam may actually interfere with the freezing pattern of water
downstream as the thermal streamflow is disturbed. Dissolved oxygen
in downstream water is reported to be low or high in some places but
also unaffected by the dam in others. Much depends on the stratification
pattern and the level at which water is let out from the dame Spilling
from the dam may also release nutrients and various chemical salts from

deep layers and this would affect the chemical ion regime dounstream.

On the whole, the physical and chemical changes which occur tend
to affect the biological resources downstream. It would seem however
that it is first the quantity of water which flows downstream, and sec—
ondly the timing and pattern of its availability which have a decisive
effect on the flora and fauna. When there is too little water, flood
plains dounstream may lose their fish, birds, other animals and plants.
When there is too much water birds, eggs, and nests may drown. Some
downstream fish also require, quite often, the stimulus of a flood to
sparm and the flow of water is therefore of key importance. Aquatic
plants of economic importance have also been destroyed as a result of

releasing water from spills at the wrong time.

.Downstream creeks often have their own important biological
resources. Such creeks depend on seasonal flow of water. If the river
downstream is maintained at a higher level the creeks become perpetually
flooded and major ecological changes occur which upset the biotas They
often need alternate high and low water levels to maintain the rhythm of
productivity. The Volta dam disturbed the breeding of Egaria and Atya
gabonensis on the lower Volta. Previously these had constituted a pros—

perous business on which women made high annual incomes.

Another effect of artificial downstream flooding is the effect
of the large quantity of fresh water which is spilled on the salinity
of the estuary. The change may disturb the rhythm of the migration of
fish and therefore the offshore seasonal fish catches. This did happen

to the herring fisheries for a period.

There are reports also of accretion of material at estuaries for
which downstream flow may be responsible, Where wastes are discharged
into the dam there may be an adverse effect on the water quality and
fish kill at the estuary.
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Quite often alsc,; the breeding of intermediate hosts of parasitic
agents is also associated with the downstream area of dams. The similiidae,
the mosquitoes and the tsetse fly group often find the change in water regime
downstream an advantage. Similum in particular has been associated with
spillways. The ccol moist banks also tend to support the breeding of
tsetse flies whilst temporary isolated puddles are good for mosquitoeso

Similum breeding continues downstream of the Volta dam.

DAMS AND PUBLIC HEALTH PROBLEMS

Aquatic Weed Growth

One of the results of the ecological changes was the growth and
establishment of aquatic weeds on the forming Volta Lake. 1In the Afram
region in particular, a number of species were recorded. Weed growth is

now patchy but extensive. Recorded plants include Ceratophyllus spe., Salvinia

auriculata, Ceratopteris.cornuta, Pistia stratiotes, Scirpus cubensis, Cyperus

Spo, Vossia.cuspidata, Polygonum sp., Utricularia inflexa, Lamna sp., and

Spirodela sp. Invariably these weeds have harboured and encouraged the growth

and establistment of invertebrates which are a danger to the maintenance

of good public health conditions.

In tropical regions; there are problems which accompany the accu-
mulation of water. The changes in ecological systems create conditions
which enhance the development and establishment of additional transmission
foci for some endemic diseases, particularly insect transmitted infections
including malaria, filariasis, onchocerciasis,trypanosomiasisy but also
other infections as well as those which, like schistosomiasis require

molluscan hosts. WNot invariably, these are associated with weed growth.

On Volta only montha after the closure of the dam, Bulinus snails
began to appear. It was not long before schistosomiasis was recorded as
being on the increase in specific areas. Since then, other parasite trans—
mitting invertebrates including mosquitoes have also been identified
within the basin. Five species of the tsetse fly Glossina, all potential
transmitters of animal trypanosomiasis; have been identified and G. palpalis

and Geo tachinoides have been proved hosts of Te gambiense.

Above the dam, in Ghana, ecological conditions produced one excellent
benefit. The simuliidae were eliminated from the area of the river flooded
to form the lake. Previously the water tumbled fiercely over the rapids
and the large, fast flowing Volta River was an ideal breeding place of S.
damnosum the transmitting fly for human onchocerciasis. The incidence of

infections was very high in the basin. The Volta Lzke destroyed the

breeding placese
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The Human Factors+® Resettlement of Displaced Persons

In Ghana, when the Volta basin was flooded 78,285 pcople were
affecteds They were living on about 34500 square miles of lande The
effective impact area was calculated at 26,000 square miles, about a
quarter.of the size of Ghana, on which lived 14300,000 people, 19 per cent
of the country'®s population at the times Evacuation of the people began early.
By 1963, 34412 houses had been built in 10 settlements. In 1964, there
were 44 settlements with 11,199 houseso The evacuation continued into 1965
by which time £8 million had been spent on the resettlement project. Of
the displaced people, 69,249 had to be resettled in 52 new settlements,
They had originally come from four regions of the country, but had been settled
for a long time in the river basine In all 739 villages were destroyed, 14,657

households were disrupted, 12,799 of them movedo
4 ? 91/

The people were not all fishermen. They had pursued various
occupations such as farming, trading, pottery and other craft work. The
first six months after their evacuation were criticale. They had been

provided with houses but they needed to build homese.

Especially in Ghana but also in the other African countries where
large dams have been raised, a very serious problem has been that of
providing the people with farming land as part of the rehabilitation
processe. It took quite some time for the farmers to begin producing their
own foode TFor the first six months the World M'ood Programme supplied
food for the relocatees, although in three places experimental farming

had been started in 1962, two years before the closure of the dame

MAN MADE LAKES AND ALTERNATIVE SOURCES OF ENERGY

There have been many arguments as regards alternatives to hydroelectric

schemes as an energy sources

In many industrialised countries, energy sources conventionally
tapped to produce power for both domestic. and commercial use are largely
fossilised materials such as coal and oiles In addition to these, investi-
gations have been progressing in some countries for a number of years
now to harness solar energy and release the power locked up in radio-

active materials.

It was usually appreciated that there would be environmental hazardse.
But, as an energy source for the provision of electric power on the scale
then envisaged, the Volta River had no comparison in the country. Ghana
had no deposits of coale It had no oile It had no uranium. It had forests

for wood fuel, but for power supply on the scale imagined,; forest wood was
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neither suitable nor adequaite. The building of an atomic reactor or solar
energy plant on a scale able to supply the energy required could perhaps
have been seriously considered. But this would have been unrealistic and,
in any.case, at that time in history, there was too much emotion over atomic
power production in a developing country. Even the small reactor erected
for research purposes in Ghana turned out to.be the centre of speculative
intrigue on an international scale and work on it had to be indefinitely

suspended.

In review, and particularly taking its primary function which
is the production of hydroelectric power, the overall result of the
development of the Volta River basin has been satisfactory and worthwhile.
By 1971, the capacity of the power generating plant was 5.2. billion kilowatt
hours, In 1972, it was to reach 8 billion kilowatt hours. The cost of power

generated in 1971 was about 0.35 pence per unite.

For the twelve months in 1973, the total power generated was
3,871,560,000 kilowatts. VALCO, Tema bought ¢8,383,103.88, the Electri-
city Corporation of Ghana £6.193,857.40 and mining concessions and factories
buy large quantities. It is impossible to imagine how they could be supplied
without the Volta hydroelectric projects.

WHAT OF FUTURE PROJECTS?

It must be firmly appreciated as a basic fact that any drastic
ecological change. such as that which ushered the creation of a lake as
large_as Volta (and also smaller reservoirs) will wi%hout doubt cause
undesirable repercussions and pose hazards. With this in mind, there
should be a deliberate consciousness towards taking precamtionse
Experience requires that for every dam project, early comprehensive

planning be obligatory.

At that early stage of project consideration, there should be a
thorough investigation and an assessment of possible adverse environ—
mental impacts. The assessment should necessarily include.the entire
basin,. and investigate its human, land, andwter resources. Particularly
concerning the effect of the project on the people, socio-economic

studies should be extensive and they should start early.

For surveys and studies on the land and water resources, provision
should be made at the planning stage to ensure a comprehensive problem-
directed research programme and more importantly the availability of trained

personnel, preferably of local extraction, to carry out the programme on a
long term basis.
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It is now accepted as highly desirable that decision makers should
consult and work with an inter~disciplinary group of specialists whose
expertise would be relevant to. the planning and operation of the project.
The participation of this group should be continuous throughout the project.
This group shculd have the respensibility for direction to ensure environ—

mental safety as well as effective management of the project.

CONCLUS ION

I have been asked in various ways, sometimes openly, at other times
through guarded and indirect questions whether I would build a Volta Lake

if I had to d¢ so nowe

My answer has always been a deliberate yes, and will always
bes I need not go over all the benefits which have accrued from Volta
to support my reactiongneither do I need to list hazards and eaviron-
mental problems and find excuses fur them. The adverse impacts of dams
in particular are already well known and often over—emphasised. I shall
continue to take my present constructive attitude towards dams and their

problems.

There is ncthing more wrong with dams than with other projects such
as mining coal or gold and destroying the earth’s crust, over—fishing
a sea, causing erosion and desertification or destroying wild animals
and their habitats! Like dams these are gocd projects. We speak against

them because we do not know how to cope with their adverse effects.

Now that we kinow what harm may be caused by dam projectsy I would
advise that pre—construction planning and surveys should be thorough and
early. I would advise that as much as possible attempts are made to
incorporate into designs and operations where possible and feasible
those facts concerning dams.and their ecology which have been collected up

to date and which may minimise future problems.

I am convinced that if we ignore cur present rich store of exper-
ience on man-made lakes, we shall continue to make retrogressive blunders
and extend the scope ¢f environmental degradation which now appears to be

complementary to development projects in this particular field.
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FISHERY RESOURCES: THEIR EXPLOITATION, MANAGEMENT
AND_CONSERVATION IN AFRICA
By

John Okedi, Director; East African Fresh Water Fisheries

Research Organisation

INTRODUCTION

The beginning of the twentieth century saw the discovery of
Africa's vast natural resources. Not only did explorers *discover’ lakes,
rivers, forests and mountains,; but scientists and natwalists also
‘discovered?! what at that time were called ‘new' species of plants, fish
and other animals. Thus scientific names were tagged to various species
using the famed binomial nomenclature and immortalising the names of some
of the people who first described those species. Africa of course abounds
with thousands of different floral and faunal varieties and the early colonial
scientists found the African enviromment lucrative from the point of

Ydiscovery® of new specieso

Colonial administrations astride the continent soon found great
‘walue:in the natural resources of Africa. Some of these resourcesy eo.gs
forests, were logged for shipment tc Buropean countries. However, the advent of
self=rule  in the majority of African countries has thrown open many
more possibilities. The exploitation of the matural resources is viewed
with prospects for industrialisation in areas where poverty; malnutrition

and unemployment are but the rule of the day.

Prospects of exploitation of natural resources hawe also brought
to light the imminent danger that Africa's renewable resources could be
exhausted within our lifetime. The impetuous resolve to exploit these
resources has to be guided by basic management advice. In Africa the
paucity of tasic raw data which could be used $0 arrive at recommendations
Tfor manegement is a matter of facts It is therefore imperative that
research investigations be undertaken in all fields of natural resources for

which exploitation is planned now or in the future.

This paper, therefore, attempts to describe the role science could
play in the development and exploitation of one of Africa’s renewable resources
namely fisheries, The basic requirements for sound planning and coordination
are brought into play and involve the whole machinery of goveraments
Examples are cited where improper planning and unavailability of scientific

data have led to unfortunate experiences. A model has been demonstrated
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particularly in East Africa where sound planning and coordination of
research with development seem to have triggered worthwhile investment

proposalss

FISH AND NUTRITION IN AFRICA

Recent surveys of nutritional requirements in Africa have shown
hunger to be the greatest problem of the continent. Lack or inadequate
supplies of protein have brought untold havoc to large populations, partic~
ularly in the younger age groups. Thus Kwashiorkor, a disease of protein
malnutrition, is extremely common in the rural areas of Africas The problem
that many, if not all, developing African countries have to grapple with
is how to find adequate supplies of animal protein to feed a continuously

increasing human populatione.

Fish would therefore appear to be the answer to this problem as
it is an excellent source of high-~quality protein. Protein constitutes
approximately 80 per cent of fish flesh and its nutritional value is
superior to that of beef or poultry. PFish protein is more easily digested
than beef and cooking does not denature ite PFish is also rich in fat
(ranging from 1 to 20 per cent) and this fat is a good source of energy and
vitamins. It is stated that fish flesh contains an anticholesterol which
lowers the level of cholesterol in the blood lipids through theéir:polyunsaturated
fatty acidse High levels of cholesterol in the blood is one of the causes

of heart diseases so common in the developed world.

CURRENT STATUS OF AFRICAN INLAND FISHERIIS
The Catch

The greater part of the landed weight of fish in African inland
water comes from the larger lakes. In 1970 the total catch was estimated
at 1,400,000 metric tons (Department of Fisheries, F.A.O. Rome, 1973).
Table L shows the major countries which contribute to African inland
fisherieso. From this it is easily seen that only Tanzania, Uganda and
Zaire produced more than 100,000 metric tons whereas Mali, Nigeria, Egypt,
Chad and Cameroun produced between 50,000 and 90,000 tons. The remainder
of the countries produced less than 50,000 tons. However, seven countries
produced less than 2,000 metric tons in 1970, and these were Ethiopia,

Gabon, Gambia, Guinea, Rwanda, Sierra Leone and Somalia.

For the majority of African countries fish production was well
below optimume. It can Be said that for all these countries the potential
to make moderate increases in the annual catch does exist. To do this,
however, reguires modern innovations and improvement of indigenous fishing

techniquess Any substantial improvement in catches will of necessity



IDS/0P 15
94

require knowledge of the habitat .1 ecology of the fish in relation to

soclo=economic infrastrusturse,

In Jeble 1 scme cowairics Lave becn selected depending on
availability of data. Their current (1970) catch and the potential
factors of increase of their output has been shown. Two countries,
Ethiopia and Congo, can increase their catch by ten times. Kenya can
treble its landings and the following double their catch: Sudan,
Zambia, Zaire and Rwanda. The Table further indicates that for Malawi,
Uganda, Ivory Coast and Madagascar only moderate increases can be made,

attaining perhaps just less than double their current output.

Table 1, Possible Increases in Catch from Selected African Countries.

Source: PRartly Department of Fisheries, F.AL., Rome, 1973.

In terms, of really significant increases in weight, the following

countries will rank as the major producers each capable of landing over

100,000 tons annually: Tanzaniay, Congo, Zambia, Zaire and Uganda. In

total therefore the expected potential catch from African inland fisheries

could be valued.at over §11,150,000, but due to inflation this figure could

be conservative.
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Some thought could be cast onto the market value of fishe Nshrenguzi
et al. (3) have shown that in East Africa the market value of fish is often
three to five times the landed value. Hence if Africa's potential catch
were harvested, its market value would be between $33,450,000 and
$55, 750,000, . This is no mean effort in an area menaced by poverty and

unemployment.

Employment
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